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COKl'OS:t~I:O'lt .um PROCESS J'OR 'I'REAIJ?ING KE':AL 

BACKGROUND OF THE :rmwrrON 

Field of the Inyention 
This invention re1ates to processes of t~eating metal 

surfaces with aqueous acidic compositions to increase the 

s resistance to corrosion of the treated metal surface, ei.­
ther as thus treated or after subsequent overcoating with 

some conventional organic based protective layer. A· major 

object of the in-vention is to provide 8: storage stablep­
sinqle package treatlllent that can be substantially free 

10 from hexavalent chromium but can protect metals substanti­
ally as well as the hexavalent Qhromiwn containinq treat: 

ments of the prior art, or can improve the stability of 

treatment solutions that do contain hexavalent chromium. 

statement of Belated Art 
15 A very wide variety of materials have been tauqht in 

the prior art for the gener_al pqrposes of the present in­

vention, but most o:e them conta~n hexa.valent chromium or 
other ino~qanic oxidizinq aqQnts which are enviromnentally .. 
undesirable. The specific items of re.lated art believed by 

20 the applicant to be most nearly related to the present in-
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vention are noted below. 
u. s. Patent 5,089,064 ot February 18, 1992 to Reqhi 

teaches a process for treatinq alwain'Wll with a eompoeition 

containinq fluozirconio acic! (HzZrP6) , a wate:r: soluble a~ 

s dispersible polymer of 3-(N ... C1•4 alkyl-N-2-hydroxyethyl- · 

uinoaethyl)-4-bydroxys.tyrene, .-nd dispersed silica. This 

trea'blent produces excel-lent results, but is someWhat.in­
convenie.nt because the tre~tin9 composi~ion ia susaap~ible 

. . 
to •io'fil set1:linq of the dispersed silica comi>onent. In 

10 practice, this means that for best results, at least two. 

components, one with the silica and one without, must be 

stored separately and mi~ed shortly before use. 

u. s. Patent 4,963 1 596 of Oct. 16, 1990 to Lindert et 
al. teaches tbe use of water soluble derivatives of poly 

ts {Vinyl phenol} in metal treatinq, includinq combinations of 

these poly..er •aterials with dispersed silica amonq many 
other possib111t1es. 

o. s. Patent 4,921,552 of May 1, 1990 to Sander et al. 

teaehes treatinq aluminum with a 001D.position comprisinq 

fluozirconic acid, hydrofl~orio acid, and a water soluble 

polyaer. 
PUbli5hed European Patent.Application 0 273 698 (pub­

lished July 6, 1988) t~aches aqueous acidic treating solu­
tions comprisinq tr~valent metal compounds, silica, and 

preferably also nickel and/or fluoride ions.. The counter 

anions for the trivalent metal .cations used may be sil­

icofluoride. 

o. s. Patent 4,341,558 of July 21, 1982 to Yashiro et 
al. teaches treating ~etal surface~ with a composition oon-

30 taining a water soluble salt of zirconium and/or titaniwq, 

an inositol phosphate ester, and silica. The co•position 

aay also contain an orqanio binder such as poly{vinyl alco­

hol}. 

U. s. Patent 4, 277, 292 of July 1, 1982 to '!'upper 

35 teaches treatinq alumiitum surfa.ces with an aqueous acidic 

co•position containing zirconi~, fluoride, and vegetable 
ta.rmin. 
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:r.t. s. Patent 3,506,499 of Apr. 14,. 1970 to Okada et 
al. tea-ches treating alU211inum and zinc sur:taces with an 
aqueous solution of ehroaic acid and colloidal silica. 

S. M. i'homsen, "Hi9h-S1lica Fluosilia Acid•: Specific 

Reactions and the Equilibriwa with Silieatt, tI2ur. Amer. 
~em- Soc. 74, 1690•93 (1952), according to an abstract 
thereof, teaches that hiqh•silica fluosilio acids can he 
prepared with any desired amount of ~extra"· silica up to 18 
t more than the composition .qiven by the fomula ffiSi'.f'6, by 

10 dissolvinq hydrated silica in hydrofluoric acid. The hiqh 
silica fluosilic acids show characteristic reactions with 
sodi\llll salts and fluorides, A hYPothesized chemical equi­
librium: 4Ir + 5SiF6•2 + Si02 ., 3 (SiF6•SiF4)-2 + 2H20 was 

found to nave an equilibrium constant of about l.00 -

is lQ, ooo. 
QESCRf P'I'IOH QE THE IWENTIOlf 

Except in· the claims and the operating examples, or 
where otherwise expressly indicated, all n\ll'l\erical quant­
ities in this description indicating amounts of material or 

20 conditions of reaction and/or use are to be understood as 
modified by the word "about .. in describing the broadest 
scope of the invention. Practice within the exact numeri­
cal limits stated is generally preferred. 

Summa:r:y of the Invention 
2s .It has been found that aqueous compositions comprisinq 

(A) a component: of dissolved fluoroacids of one or more 

metals and metalloid elements selected from the group of 
elelllents consisting of titanium, zirconium, hafnium, boron, 
silicon, qermanium, a~d tin and (B) a component ot one or 

~ 

30 · more of (i) dissolved or dispersed forms of metals and 
•otalloid alaments selected from the group of elements 
consistinq of titanium, zirconium., hafnium., boron, 
aluminum, silicon, qer111aniUJ11., and tin and (ii) the oxides, 
hydroxides, and carbonates ot' ~uch metal.s e.nd -.etalloid 

35 elements can be converted by·-1dxinq for practical reaction 
times into an aqueous composition with long term stability 
against spontaneous settling or p~ecipitation, even when 
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the JWtallio and/or metalloid elements, oxides, hydroxides, 

and/or car»onates present in the compositions are in the 

f 01'1& of dispersed solids that would settle if stored ror 

even a few days without ever having been reacted. 

These compositions prepared ~ith mixing are then com-

bined with either (i) a water.soluble or dispersible poly­

mer and/or copolymer of one or more x-(N-R1-N-R2-altinometh­
yl)-4•hydroxy-styrenes, where " = 2, 4, 5, or s, ·:re' repre-· 
sents an alkyl qroup oontaininq frol1l 1 to" 4 car~on atoms. 

preferably a methyl group, and R2 represents a substituent 

qroup conforming to the qeneral formula H(CHOH)n·' where n 

is an inteqer from 3 to 8,· preferably frcm 4 to 6, or (ii) 

a colUposition contain hexavalent chromium, ~nd, optionally 

but preferably, trivalent ohromiUJD.. The rasultinq compo-

15 siti9ns ·are suitable for treating metal surfaces to achieve 
excellent resistance to corrosion, particularly after s'Ul>­
sequent conventional coating with an organic binder con­

taininq protective coating. The compositions are particu­

larly useful on iron and staalt qalvanized iron and steel, 

20 zinc and those of its alloys that contain at least 50 atom­

ic percent %inc, and, most preferably, aluminum and its al­

loys that contain at least 50 atomic percent aluminum. The 

treating may consist either of oo~ting t~e lDO"tal with a li­

quicl. fil.:m of the composition and then dry_ing this liquid 

2s film in place on the surface of the metal, or si~ply con­

tacting the metal with the composition for a sufficient 

time to produce an improvement in the resistance of the 

surrace tc corrosion, and subsequently rinsinq before dl:Y­

ing. Such contact may be achieved by sprayinq, immersion, 

30 and the like as known J2er se in the art. .. 

It should be understood that this description does not 

preclude the possibility of unspecified cheJD.ical interac­

tions Among the co~ponentc listed, but instead describes 

the components of a composition accordinq to the invention 
35 in the· form. in which they are generally used as inqredients 

to prepare suoh a composition. 

·• 
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Pe•oripti9n of Er•terred. E-bo4i1Mtnts 
To the extent that their vater solubility is suff i­

cient, th• fluoroacid CQIEPOnent [hereinafter sometimes 
denoted ~Y w(A)•J to be reacted in a procesa accordin9 to 
one embodiment of the invention may be freely selected from 

the group consistinq of Ba,TiF,, HiZrF6 1 HzHfF6, ffaSiF6, ""2GeF6 , 

.11zsnr,, HBF4, and mixtures thereof. Hz'l'iF6, H2ZrF6, ¥fP6, 

H2SiF6i HBF4 , and -aixtures thereof are preferred; HzTiF6~ 

HzZrF6, HzSiF6 and aixtures thereof' are •ore preferred~ . and 

Hz'l'iF6 is most preferred. 'l'he concentration of fluoroacid -
component at the tue of reaction is preferably between 
0.01 and 7 111oles per liter (hereinafter "H"), more 
preferably b~tween 0.1 and 6 M· 

The component (hereina.fter soinet.im~• denoted "(B) "l of 

ts metallio and/or :metalloid elements and/or their oxides, hy­

droxides r and/or carbonates is preferably selected from the 

group consisting of the oxides, hydroxides, and/or carbon­
ates of silicon, zirconiUJt, and/or aluminum and aore pref­
erably includes silica.· Any form of this component that is 

20 sufficiently finely divided to be·readily dispersed in wat-
er llay be used in a process according to one embodiment of 
this invention, but for constituents ot this component that 

. have low so1Ubil1ty_ in Wilter it is preferred that the con­

stituent be amorphous :rather than crystalline, because 
2s crystalline constituents can require a much longer period 

of heating and/or a higher temperature of heatinq to pro­
duce a composition no longer susceptible to settling. so­
lutions and/or sols such as silioio acid sols ll!.aY be used. 

but it is highly preferable that they be substantially free 
from alkali »etal ions as described f~rther below. Howev~ 

er, it is generally aost preferred to use dispersions of 
silica made by pyrogenic processes. 

Ali equivalent of a ~•tallic or metalloid element or of 
its oxide, hydroxide, or carbonate is defined for the pur-

:ss poses of th1$ description as tl)e amount of the material 
containing a total of Avoqadro'~ Number (i.e., 6.02x10~) 
total at.oJDs of lll.etal and/or •atalloid elements fro111 the 
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qroup consisting of Ti, zr, Hf, ~' Al, Si, Ge, and Sn.. The 

ratio of .moles of fluoroacid component (A) to total equiva­
lents of COllponent (B) in an aqueous composition heated ac­
cordinq to one emJ)Odiment af this invention pref erahly is 
from l:l to 50:1, more preferably from 1.5:1.0 to 20:1, or 
still more ·preferably frOlll 1.5:1 to s.0:1.0. It desired, 
a constituent of this component may be treated on its sur­
face with a silane coupling a9ent or the like which •nkes 

the surtace·oieophilio. 
Ac::cordiric1 to one embocU111ent of the invention, an ·aque­

ous composition co~prisinq, preferably consistinq essenti­

ally of, or aore preferably consisting of water and .the 
fluoroacid component and the metallic and/or aetalloid ele­

ment(s) oxide(s), hydroxide(s), and/or carbonate(s) co~pon-
,s ent as described above is agitated for a sufficient time to 

produce a composition that does not suffer any visually de­
tectable settlinq when stored for a periOd ot ioo, or ~ere 
preferably 1000, hours. Preferably, durinq agitation the 
temperature is in the range frOll 25 to 100 • c, or more 

20 preferably within the ~anqe from 30 to 80 • c, and tbe time 
that the composition is maintained within this temperature 
is within the ranqe from 3 to 480, more prererably from. s 
to 90 1 still 'DI.ore preferably from 10 to 30, minutes 

(hereinafter. often abbreviated "min"). Shorter· times and 
2s lower temperatures within these ranges are generally better 

for convertinq compositions in which the component (B) is 
selected only from dissolved species and/or dispersed ampr­

phoua speQies without any surface treatment to reduce their 

hydrophilicity, while longer times and/or higher tempera-
30 tures within these ranqes are likely to be needed if co~­

ponent (B) includes dispersed solid crystalline materials 
and/or solids with $urf~oes treated to reduce their hydro­
philici ty. With suitable equipment for pressurizing the 
reaction mixture, even higher te•peratures than loo• c can 

35 be used in especially difficult. cases. 
Independently, it is pre~erred that the pH of the 

composition coinbininq components (A) and (B) as described 
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above be k•pt in 1:he ranqe fro11 O t~ 4, •ore preferably in 

the ranqe from o.o to 2.0, 'or still more preferably in the 
range from o.o to 1.0.before temperature maintenance as de­
scribed. @ove. 

Pretera).)ly after llaintenance at a temperature as de• 
sor.:lbed above. the composition is brouqht to a temperature 
below 30• c and then mixed with a component (hereinafter 
sometimes denoted "(C) "J eonsistinc;J of either ( 1) water 
soluble · or water dispe~sible polyhydroxyl alky~~mino 

10 de.rivatives of poly{R-hydroxystyrene) as described above 

and in more detail in u. s. Patent 4,963,596 1 the entire 
specif !cation of which, except to the extent contrary to 
any explicit statement herein, is hereby incoi:porated 

herein by reference or (2) hexa.valent chromium, and 

15 optionally but preferably, trivalent chrOlllium solutions as 

known' per se in the art for treatinq metals, particularly 
alwninum and its alloys, to retard corrosion thereon. 

Suitable and preferred polym~rs and methods of preparing 

the~ are described in detail in U. s. Patent 4,963,596. 

20 Preferably, the ratio by weight of the solids content of 
co•ponent (C) to the total of active inqredients of comp­
onent (A) as described above is in the ranqe frou 0.1 to 3, 

more preferably trom. o. a to 2, or st.lll ao~e proterably 

from 0.20 to 1.6. 

2S A composition prepared by a process as described above 

constitutes another embodiment of this invention. It is 

normally preferred that compositions accord!nq to the in­
vention as detined above should be.sUb&tantially free from 

many ingredients used in compositions for similar purposes 
3Q • in the prior art. specifically, it is increasingly prer 

fe:rred in the order given, independently for each prefer­
ably minimized component listed below, that these gompo• 

sitions, when directly contacted with metal in a process 

acoordinq to this invention, contain no more than l. o, 
35 0.35, 0.10, o.os, 0.04, o·.02, .0.01, or 0.001 percent. by 

weiqht (hereina.fter "w/o") of ~ach of the followin9 con­
::;tituents: hexavalent ehroiniWll: ferricyanide: ferrocyanide; 
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anions containinq molybdenum or tunqsten1 nitrates and oth-
er oxidizing agents (the others beinq aeasured as their ox­
idizing stoichiometric equivalent aa nitra.te); pboaphorua 

and sulfur conta1n1nq anions thett -.re not oxidizinr;J aqents; 
s alkali me~al and ammonium cations; and ort.Jan!c coJ1pOunds 

with two or more hydroxyl qroups per molec:ule and a llOlec-
· Ular weight of less than 300. The preference for •1n1mal 
aounts of alkali· metal ancr ~ammoni'UJQ cationa epplioc only 
to cO.positions used for p~o~esses according to the inven~ 

10 tion that include dryinq into place on the metal surface to 
be t~eated without rinsinq after contact between the metal 
surface and the composition containing components (A), (B), 

and (C) as described above1 when a composition aceordinc;i to 
tne invention is contacted with a JDetal sur:facQ and the 

ts metal surface is subseqUently · rinsed with water before be­

inq dried, any alkali metal and ammonium ions present are 
usually re•oved by the rinsing to a sutficient deg-ree to 
avoid any substantial diminution of the protective value of 

subsequently applied organic binder containing protective 

20 c::oat.inqs;. Also, the preference for minimization of the 

amo~nt of hexavalent chromium p~esent is due to the pol• 
luting effect of hexaval.ent clu;ontium, a.nd vhere there is an 

absence of leqal restrai~ts aqainst pollution and/or 
sufficiently economical means of dispo~inq of the hexaval-

2s ent chromium without ·environmental damaqe exist, this pref­
erence does .not apply. In fact, in one specialized embod­
i•ent ot the invention, as already noted above, bexavalent 
chromium inay advantageously be used to further in1prove 

· corrosion resistance of the metal surface treated. 
30 Still another embodiment of the invention is a process 

of treating a metal with a composition prepared as describ­
ed above. In one elnhodiment cf the invention, it is 
preferred tbat the acidic aqueous composition as noted 
above be applied to the metal surface and dried in place 

35 thereon. For example, coating the metal W1tll. a liquid film 
. .. .. 

may be accoMplished by immersinq the surface in a container 
of the liquid coJDPO~ition, spraying the composition on the 
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surtaoa1 coa~in9 th• surface by passin~ it between upper 
and lower rollers with the lower roller imaeraed in a con­
tainer of the liQUid compo•ition, and the like, or by a 
:mixture of aethods. Excessive aaounts of the liquid compo-

5 sition that might otherwise reaain on the surface prior to 
drying ny be removed before dryinq by any convenient 
method. such as drainage unde~ the influence of gravity, 
squeegees, passinq between rolls, and the like. 

If the surfac;::e to be coated is a continuous flat sheet 
10 or coil and precisely controllable coating-techniques such 

as gravure roll coaters are used, a relatively small volume. 
per unit area of a concentrated composition may effectively 
be used tor direct application. On the other hand, if the 
coatinq. equipment used. ctoes not readily pe%1Dit precise 

1s coating at low coatinq add-on liquid volume levels, it is 
equally effec~ive to use a more dilute acidic aqueous com­
position to apply a thicker liquid coatinq that contains 
about the sam~ amount of active ingredients. In either 
case, the total amount of elements aelacted from the group 

20 consisting of Ti, Zr, B, Si, Ge, sn, that is present in the 
coatinq that is dried into place on the surface to be 
treated f~ll into the range ot from l to 3 oo, more 
preferably from 5 to 150 1 still more pre~er~bly fro~ s ~o 

100, milliqrama per £qUare ~eter (hereinafter often 
25 abbreviated as "D19/m2") of surface a~ea treated. 

I.lryinq may b4a accomplished by any convenient method, 
of which •any are known per se in the art; examples are bot 
air and infrared radiative drying. Independently, it is 
preferred that tha mal(imUDl teJDperature of the metal reached 

30 durinq dryinq fall within the range from 30 to 200, more 
preferably from 30 to 150, still more preferably from 30 tp 
75, • c. Also independently, it is preterred that the 
drying be co~pleted within a time ~anging from 0.5 to 300 1 

more preferably from 2 to 50, still more prQferably fro~ 2 

3S to 10, seconds (hereinafter abbreviated "sec") after coat­
in9 is. completed. 

According to An alternative embodi=ent of the inven-
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ti.on, th• .. tal to be treated preferably is contacted vi~ 
a coaposition prepared as· described a))ove at a temperature 

vithin the' range froa 25 to 90, more preferably frcm 30 to 

as, still -.ore preferal:>ly t'%'Oll 30 to 60, • c tor a time 
s ranging froa 1 to 1800, aore preferably ··from l to 300, 

still 1110re preferably froa 3 to 30, sec, and the •etal s'Ul:­

face thus treated is subseqUently rinsed with water in one 
or.ore sta9es before beinq dried. In thi• abodillent, at 

least the final rinse prefcu:ably is wit.h deionized, dis-. 

10 tilled, or othe.rvise purified ~ter. Also in this ei\bod­

:t.ent. it is preferred that the maximum temperature of the 

aetal reached duri.nq drying fall within the ranqe from 30 
to 200, 11.ore preferably froa 30 to l!SO, or still =.oro pr-ef­

era.bly rroa 30 to 7S, • c and that, independently, drying 

15 })e c01tpleted within a ti.lie ranqing from to o.s to 300, more 

preferably froa 2 to so, still :more preferably.from 2 to 10 

sec atter rinsinq is completed. 

A process accordinq to the in~ention as generally de­

scri.bed in its essential features above may be, and usually 

preferably is, continued by coatinq the dried metal surface 

produced by the treablent as described a»ove with a sicca­

tive eoatinq or other protective coatinq, relatively thiok 

as ca.pared with tlle coatincJ formed by the earlie~ stages 

of a process accordinq to the invention as . described above, 
2S as Jeno.in per se in the art. surfaces thus coated have been 

found to have excellent resistance to subsequent corrosion, 

as illu5trated in the examples below. Particularly prefer­

red types of protectiva coatings for use in conjunction 

with this invention include acrylic and polyester based 

paints, enuels, lacquers, and the like. 
• 

In a process accordinq to the invention that includes 

other steps atter the fot11tation of a treated layer on the 

surf ace of a 74.etal as described above and that operates in 

an envirollllent in which the discharge of hexavalent chrom­
ilDI is either leqally restri~ed or eoono?ll.1cally h&tndi­

ca.pped, it is generally preferred that none of these other . 
steps include contactinq the surfaces with any composition 
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that contain• aor• than, vith increasinq preference in the 
order qiven, i.o, 0.35, 0.10, o.oa, 0.04, 0.02, 0.01, 

0.003, 0.001, or 0.0002 w/o of hexavalent chro•iwa. How­

ever, in certain specialized instances, hexavalent chromium 

s may !apart suffic:ient additional corrosion protection to 

the i:reated utal surfaces to justify the increased cost of 

~sinCJ and lawfully dispos~ng of it. 
Preferably, the metal surface to be treated accordinq 

to the invention is first cleaned of any contamittants, pa.r-.. 
10 ticularly orqanic contaainants and foreign metal fines and/ 

or inclusions. such cleaning may be accomplished by meth­
ods known to those skilled in the art and adapted to the 

particular type of ~etal substrate to be treated. Por eK­

ample, for galvanized steel surfaces, the substrate is most 

1s preferably cleaned with a conventional hot alkaline clean­
er, then rinsed with hot water, sguee9eed, and dried. For 
aluminum, the surface to be treated most preferal:>ly 1.s 

first contacted with a conventional hot alkaline cleaner, 
then rinsed in hot wa~er, then, optionally, contacted with 

20 a neutralizing aQid rinse, before being contacted with an 

acid aqueous composition as deserioed above. 
The practice of this invention may be fUi:ther appreci­

. ated by consideration or the followinq, non-limiting, work­

inq $X&mples, and ~he benefits of the invention •ay be fur­

ther appreciated by reference to the comparison examples. 

fest Method1 an~ Other General conditiona 

Test pieces of Type 3105 aluminum were spray cleaned 
for 15 seconds at 55• c with an aqueous cleaner containinq 

30 28 q/L of PARCO• Cleaner· 305 (couercially available fro• 

the Parker+Amchem ·oi~ision of Henkel Corp., Madison 

ffeiqhts, Miohiqan, USA). After cleaning, the panels were 
rinsed with hot water, squeeqeed, and dried before. roll 

eoatinqwith an acidic aqueoµs composition as described for 

JS the individual examples and COmP.arison examples below. 
For the first group of examples and oompa~ison examp-



12 

l•• below, those accordin9 to the dry in place alternative 
treaaen.t 111.ethod, the applied liquid coaposition accordinq 

to the invention was flash dried in an infrared OYen tha~ 

produces approximately 49" c pe~k •etal tosperature. Sam-

s ples thus treated were subsequently coated, accordinq to 

the recommendations Of the suppliers, With Various COJUaer­

cial paints as specified further below. 
. . 

T-Bend tests were according to A:meri~ sooie~y for 

Testing materials (hereina.fter "ASTM") Method 04145-83; 

to Impact tests wex-e aoccrdinq to ASTM Method I>2794-84El: ·salt 

spray tests w&re according to ASTM Method B-117-90 Stand­

ard; Acetic Acid salt Spray tests were according to ASTM 

Method B-287-74 Standard; and H\UD.idit.y tests were accord.inq 

to J\STM D2247-s Standa~. Tho. Boiling water immersion test 

. 15 . was perfor.ined as follows: A 2T bend and a reverse iinpact 

deformation were performed on the treated and painted pan­

el. The panel was then immersed for 10 minutes in boiling 

water at normal atl\lospheric pressure, and areas o! the pan­

el aost affected by tha T-bend and reverse impact def orJDa-

20 tions were examined to determine the percent of the paint 

film oriqinally on these areas that had not J)een exfoliat-. 
ed. The rating is ~epoxted as a number that is one tenth 

Of the.percentaqe of paint not exfoliated. Thus, tbe best 

possible rating is 10, indicating no exfoliation; a ratinq 
2S of 5 indicates 50 % exfoliation; etc. 

30 

35 

Specific CmuJ)ositions 
Example 1; 
5.6 

396.2 

56.6 

325.4 
216.2 

parts by weight of amorphous fwned silicon dioxide 

parts by w.eiqht of deionized water 

parts by weight of aqueous 60 w/o fluotitanic aciq, 

parts by weiqbt of deionized water 

parts byweiqht of an Aqueoue solution containinq 10 

w/o solids of a water soluble polymer (a Mannich 

adduct of poly(4•vinylphenol} with N-•ethylqluca.ine 

.: and formaldehydej . made accordinq to· the a1rectians. 

of column 11 lines 39 - 5~ of U.S. Patent 4,963,596 • 

. f, 
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Jmpple 21 

58.8 parts by veiqht ot aqueous 60 w/o fluotitanic acid 
646.0 pa~s by veiqht of deionized water 
5.9. parts by weight of a.orphous :tu:med silicon dioxido 

io.s parts by weight of zirconium hydroxide 
218.8 parts by veiqht of the 10 w/o solution of water 

sol\lble polyaer aa used in Example 1. 
Exappl9 3 · 

62.9 

330.5 
6.2 

358.9 

241.5 

pa·rts by weiqht or aqueous 60 w/o fluotitanio. acid 

parts by weight of deionized water 
parts by weight of aiorphoua fumed silicon dioxide 
parts by weight of deionized wate~ 
parts by weight o! the 10 w/o water soluble polYllter 

used in Example 1 

15 bUPlf,4 

20 

56.4 parts by weiqht of aqueous 60 w/o fluotitanio acid 
2.1 parts by weight of Aerosil8 R-972 (a surface treate4_ 

dispersed silica) 
56.4 

667.0 

. 218.1 

pa:rts by ~eight of deionizad water 
parts by weiqht of deionized water 
parts by weiqht of the 10 w/o water soluble polyll\er 
used in Example 1 

Example 5 
58.8 parts by veiqht of aqu~ous 60 w/o fluotitanic acid 

25 3.1 parts by weight of amorphous fwned silicon dioxide 

10.3 parts by wei9bt of zirconium. basic carbonate 
647.7 parts by weiqht of deionized water 
279.5 parts by weiqht of the 10 w/o vatar solUble polymer 

used in Exa.ple l 

30 Example 6, • 

35 

52.0 parts by weight of aqueous 60 w/o fluotitanic acid 
297.2 

3.3 

9~1 

273.6 

364.8 

parts by weight of deionized water 

parta by weight of amorphous fumed silicon dioxide 
parts by weiqht of zirconium basic carbonate 
parts by weiqht of deionized water 
parts by weiqht of the 10 w/o water soluble polymer 
used in E~ple 1 

• :.! 
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Bxample 2 
21.0 parts by weigh~ of fwned amorphous silicon dioxide 
241.0 parts by weight of deionized water 
114.2 parts by weight of 60' by weiqht aqt.teous fluotitan-

ic aoid 
633.8 parts by weight of an aqueoua compccition prepared 

from the f ollowin~ inqredients: 
s.41 t by wei~t of c~ 
o.59 % by weight of pearled corn starch 

10 94 ' by weight water 
For e~ch of Examples 1 - 6, the inqredients were added 

in the order ind~cated to a container provided with stir­
rinq. (Glass containers are susceptible to chemical attack 
by the compositions and generally should not be used, even 

1s on a laboratory scale; ·containers ot austenitic stainless 
steels such as Typa 316 and containers made of or fully 
lined with resistant plastics such as polymers of tetraflu­
oroethene or chlorotrifluoroethene have proved to be satis­
factory.) In each of these Examples except Example 4, aft-

20 er the addition of the silica co•ponent and before the ad­
dition of the subsequently listed components, the mixture 
was heated to a temperature in the range from 38 - 43 • c 
and ~aintainedwithin.that range of temperatures for a time 

. . 

of 20 "" 30 'Jllinutes. · Then the mixture wo.s cooled to a temp- · 
H erature below 30• C, and the remaining ingredients were 

stirred in without additional heatinq, until a clear solu­
tion was obtained after each addition. 

For Exa111ple 4, the Si02 used was surface modi tied with 

a silane, and because of its hydrophobia nature, the mix­
ture containinq this form. of silica was heated for l.~ 

hours at 70 • C to achieve transparency. The remaininC1 
steps of the process we~e the same as for Example l. 

For Example 7, the.first three ingredients listed ware 

mixed togethor and maintained at 40 ± 5 • c tor 10 minutes 

35 with ·stirring and. then cooled.· In a separate o_ontainer, 

the cro3 was dissolved in about f·ifteen times its own weight 
of water, and to this solution was added ~ slurry of the 



15 
corn stal':eh in twenty-four times ite own weight of water. 
The mixture was then maintained tor 90 minutes with qentle 
atirring at 88 ± .6 • c to reduce part of the hexavalent 

chroJ1iWI content to trivalent dlr02a!W1t, Pinally, 'this 
s mixture was cooled with stirrinq and then added to the 

preYiously prepax-ed heated mixture of fluotitanic acid, 
silicon dioxide, and water. This compcsltion is used in 
the m.anner known in the art for compositions containing 
hexavalent and trivalent chromium and disp•raed aili~~' but 

10 it is much more stable to storaqe without phase separation. 

29pparatiY• Example 1 

18.9 parts by weiqht of aqueous 60 w/o fluotitanic acid 
363.6 parts by weiqht of the 10 w/o water sol1:Jble polymer 

used in Exa~ple l 

tS 617.5 parts by weight of deionized water 
Cgmparatiye Example 2 

18.9 parts by weiqbt of aqueous 60 w/o fluotitanic acid 
71.8 parts by weight of the 10 w/o water soluble ~olymer 

used in Example l 
909.3 parts by weiqht of deionized water 

For Comparative Exaaples 1 and 2 the components were 

added toqether with agitation in the order.indicated, with 
no heating before .. use in treating metal surfaces. 

Add-on mass levels, specific paints used, and test 

results with so•e of the compositions described above are 
shown in Tables 1 - 5 below. 
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1'AfJLI 11 Panel• Painted with.PPG Duracron'tH 1000 Whit• 
Single coat Acrylic Paint 

T:reat- llSZULmt !AS.Ir: OO&i:.lag" Mc: salt !fuaidity 
s mm 2T.Bens1 Impa.ct; Weigbli Spray 504 ·JQ21 11::1· 

Jl9u1::1 

ba&apl• 1 9 10 6s _,,,;. • 0-1• Vf 9 
a.8 Ti • 0.1• 

BxU!ple 1 9 10· 43 mg/r • 0-1• .V:f9 

10 a.a Ti • 0-11 

Compara- s 7 39 'llJIJ/111- • 0-1• D9. 
tive •• 'l'i • 0-2• . 
sxuple 1 

coatpar•- 0 0 27 mg/•' e 0-1• D9 
ts i:!v• as Ti • 0.-2• 

Bx~le 1 

compara- 7 e SS t1iq/ra2 • 0.1• Vf 9 
tiva •• 'l'i • 0-1• 
Bxuple 2 

20 COmpar•- 4 6 29 mq/rtr • 0--1•. hl9 
tive a.a t?i 8 0-1• 
B:itample 2 

25 TABLE 2: Pana ls Painted with LillytM Colonial White Sinqle coat 
Polyester 

Salt 
RAC: Salt Spray 

"treat- ls!U Los Watf:r coating apray_so.t 1008 :&umidit:y 
30 mnt 2:l §ens& Il!lRIS!t. Welaht RQUz."8 Sours ~008.Br1 1 

Example 4 5 8 65 '49/m2 eN e 11 
at 'l'i 8 H a M Vf9 

B~atagle S 10 10 22 rni;,/ro.2 eN e'M 
as Ti a M s M Vf 9 

lS Zxuple 5 10 lO 54 mq/rn2 e K $ K 
II N 11 H Vf9 .. 

.. 
Example 6 lO 10 22 rt19/m2 e 0-11 e ll 

a N I H vf9 

Example 6 10 10 54 fftl'J/'f».2 e 0-11 e N 
40 

- H 
,, :N vf' 
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TISLS 31 Panel• PaiDted viUi Li.l.lr Black sts.ql• coat Polyesta.i:i 

salt 
De sa.1t $pray 

Treat- !9J,UQSZ, Wl~K Coat.!J:!g spray 504 1008 llmidity 
JllDt. 2T leOd lgac;t !t1@t; Jiqurl llmila 10:08 an, 

Kxampl• 10 10 s• avtr • 0-1• •• 
2 u Tl •• •• Vf9 

Bxemple 10 ·10 64 .,.,.z • 0-2" • 0-1· 
10 3 u Ti • 0-2• • lf Vf9 

'l'ABLS 4: Panel• raLn~ed with V&J.ispa.r/Deaoto,,_ White S~le coat 
Polyester 

15 S&lt 
BAa salt: Spra.y 

Treat-. 12£Ung w1t~c coat~ Spray- 1008 1ooa Hwaidity 
mlDt, 2~ Band Ismla.ct treism:t ~B ~ 1ggg Hrs.a 

Example 10 10 39 s;/ril e 0-1• •• 
20 2 ... 'l'i • 0-12 • II Vf' 

Example 10 10 48 ..g/-7- • 0.1• • JI 

2 u Ti • 0-1• •II Vf9 

Example 10 10 70 .. ,_,. e 0-21 . e Jr 

2 u 'l'i. 8 0-11 •• Vf' 

25 Example 10 19 87 -a1.i ell • 0-1• 

2 u Ti· • 0--1• e M Vf' 

Example 10 10 2 9 -.q /-2 e 0-2• e H 

3 a.a Ti • 0-1• a M Vf' 

Example 10 10 42 _,,,.i e 0-11 a M 
30 3 a.a Ti • 0-1• e H Vf' 

b..-ple 10 10 S1 1ttq/rzi1 e 0-1 e M 
3 &a .. , ..... B 0-l' I K Vf9 

.. 
lxa.mple 10 10 a2 -.;tr a c-2· e 0-1• 

3 &I ~i 8 0-2• a H vt9 

3S ixemple 7 10 ss rl(J/r e 0-l' e 1' 
4 u 'ti 8 0-11 8 If vr9 
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'l'ABLJI 5: P&SMtl• Painted with 1/alsparlM Colonial White Sin91• coat 
PoJ.ye•'t•~ 

Salt 
HAc Salt spray 

'l':r:eat- 1g.1,:uosz •lli•' Coat in; s~ay 504 1008 SUmidi'ty 
. 

meM ax lend Impag~ *lsht Jlourt _ Iman iooa e;1 . 

BJCuple 10 10 54 t119/m2 • II • lf 

2 a• '1"1 •• •• ,.., 
. lxuple 10 ·10 64 1MiJ/m2 • 0-1• • 0-1• 

3 1.8 T1 - • If • 0-1• .,.. 

The storaqe stability of the compositions 
according to all of the examples above except Exaap1e 2 was 

t5 so good tha"t. no phace separation could be observed after at 
least 1500 hours of storage. For Example 2, some settling 
of a sliqbt amount of apparent solid phase was observable 
after 150 hours. 

To obtain the results reported in the followinq 
tables, an alternative process of treating the metal 
surfaces accordinq to the invention and a different 
aluminum alloy were used. specifically, test pieces of 
Type 5352 or 5182 alUlllinum were spray cleaned £or 10 

second$ at ss• C with an aqueous cleaner c~ntaininq 24 q/L 

25 .of PARCO• Cleaner 305 (commercially available from the 

Parker+Alllchem Division of Henkel Corp., Madison Heights, 
Michiqan, USA). After cleaninq, the panels were rinsed 

with bot water; then they were sprayeg with the respective 
treatment solutions aceordinq to the invention, which were 

30 the same as those already described above with the same Ex-
. . 

ample NUJD}:)er except that they were further diluted wit}l 

water to the concentration shown in the tables below, for 
S seconds; and then were rinsed in water and dried~ prior 
to pai.ntinq. 

35 The "OT Bend" column in the following tables 
repoits the result of a test pr~cedure as follows: 
l. Perform a D-T bend in accorctance with ASTM 

Method 0.145-83. 

.-
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2. 

3. 

19 

Firmly apply .one piece of f6lO Scotch• tape to 
the area ot the test panel with the 0-T bend and 
to the adjacent tlat area. 
Slowly pull the tape off froa the bend and the 
adjacen~ flat area~ 

4. Repeat steps 2 and 3, using a fresh piece of tape 
for each repetition, until no additional paint is 
:removed by the tape. 
:Report the lltaxiiiwm- c:liatanae from ·the O•T bend 
into the flat area from which paint removal is 
observed aooording to the scale below: 

Paint loss in q Rating 

0 

0.8 

1.6 

2.4 
3.2 

4.0 

4.8 

5.6 
6.4 

7.2 
>7.2 

5.0 
4.5 

4.0 

3.5 

3.0 

2.5 
2.0 

1.0 

0.5 
0 

'l'he "Ninety Minut.e Steam :Exposure" colwans of the 

25 tables below report the results of tests performed as 
follows; 

30 

3S 

1. EXpose the painted suple_s to steam at a 
temperature or 120· c steam for 90 minutes in a 
prAcsure cooker or autoclave. 

2. 

3. 

4. 

Crosshatch the painted sample - two perpendicular 
cuts; a Gardner crosshatch tool with 11 knife 
edges spaced 1.5 l!l1l1 apart was used. 
Firmly apply f610 sootchTl1 tape to the 

crosshatched area and remove tape. 
Examine the crosshatched area for paint not 
re~oved by the tape and report a nutllber 
represen"tinq one-tenth of th4 percentaqe of paint 



20 
remaining. 

5. Osinq a uticroscope a.t 10 80 times 

magnification, visually observe crosshatched area 

tor blistering, and rate size and density of 

s blisters. 

10 

15 

The "15 Minute Boiling DOWFAX'"' 2Al In.ersion• 

columns of the tables below report the results of tests 

performed a~er treatment as follows: 

l. 

2. 

Prepare solution of 1 ' by volume of DOWl"A?C:"' 2Al 

in ~eionized water and bring to boil. 

I:mmerse painted test panels in the boiling 

solution prepared in step l and keep there for 15 

minutes1 then remove panels, rinse with water1 

and dry. 
DOWFAX™ 2Al is commercially available fro:m. Dow 

Chemical and is described by the supplier as 45 t active 

sodium dodecyl diphenyloxide disulfonate. The MCross 

Hatch" test after this treatment was made in the same way 

as described above for steps 2 - 4 after "Ninety Minute 

2:0· Steam Exposure". The "Reverse Impact" test was made as 

described in ASTM D2794-84El (for 20 inch pounds impact), 

then. proceecUnq in the same way as described above tor 

steps J - 4 after "Ninety Minute Stea Exposure". The 

"FeathQring• test was.performed as follows: Using a util-

25 ity knife, scribe a sliqhtly curved "V" on the back side of 

the test panel. Usinq scissors, cut up about 12 milli.lnet­

ers from the bottom along the scribe. Bend the in~ide of 

the v away from side for tastinq. Place sample in a vise 

and, usinq pliers, pull from the folded section with a slow 

30 continuous motion. Iqnore the part of the panel between 

the top edqes nearest to the vertex and a line parallel to 

the top edge but 19 mm away from it. On the remainder of 

t:he panel, measure to edqe of featherinq in millimeters. 

35 

Record the largest value observed. 

The results of tests·aocordinq to these 

procedures are shown in Tables .6 - 8 below. 
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TABl'.2 6f 5182 alloy p&ael• Painted Vith vai.punt S-9835002 
Paint 

Irman- concen.- Ill CC&tincJ 15 K.1n1't• loiling DOWn.Xm 
t1on ta;:ltJ,on ~.l,gb,t aaa. ;(mmar1i.Qn 

Zn cro•• Re••r•• raathel:J.ng 
Bila :rmo1'1Ji 

!xaple . 1 'by 2.9 7.9 WJ/-A' 10 10 0.35 -
1 weiqht .. 'l'i 

TABU 7: 5352 Alloy Panels Paintect with Valapar'Dll S-9009-139 
Pa1nt. 

:tn"nln- COl'\CDn- JaB CO&tinq O'l! Bend Hinat:y Hinute 
~ion :t,;:ation !ligh~ llUm IX"OO!Jn;:sa 
compo.- Crose Bl ht-
•it ion Hatch ering, 

Example 
1• 2.7 4.0 s 10 Very 

1 Df1/mZ few. 
u :ri small-

mediwn' 

2xampla 1, 3.2 11.4 5 10 few, 
1 aq/mt small 

u Tl 

Example 3• 2.s 2.3 5 10 very 
1 rtlltJ/m.Z ffftl. 

aa TS. VQ~ 

amall 

Clean lf/A 1.5 10 few, 
cinly medi\q!ll. 
(com .. 
pari-
son) 
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um.s 8; 5.1.1.2 Allor Panel• ralnted ~!th V&l•pa.r1H s-9009-154 
Pai.= 

Invc- COQolQ- Iii CO«til\9' ~am& lf:Ln.ty HLnuw 
5 ti co taU:i2Q !lisl:bSi ll&IM l.go!YQ 

empo.. ere•• Bliet• 
at.:tion ~ erinq 

.Ex.pl• l• 2 .. 9 4.2 s 9-10 ·Vety ..,,.z few, 
1 •• '1'1 · •mall 10 

Bx up le 3' 2-"7 2 .. 6- 5 9-10 ve.ry· 
l '11119/•2 few, 

48 !'i very 
niaU 

15 

What is claimed ia: 



(I) 
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(II) 

(III) 

30 

35 
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A process comprising' steps Of: 
providing a inixture consistinq essentially of 
water and: 

(A) a dissolved component selected from the 

group consisting of HaTiF,, H2ZrP6 , H2'ffF,, 
a,sir6 ; HzGeF,, HaSnF6, HBF4 , and mixtures 

(B) 

·thereof and · 
a·dlssolved, dispersed, or both dissolved .. 
and dispersed component selected from the 
group consistinq of Ti, Zr, Hf, Al, Si, 
Ge, Sn,· and B, the oxides, hydroxides, 
and carbonates of Ti, Zr, Hf', Ali Si, Ge, 

Sn, and 8, and niixturea of any two or 

more · of these elements, oxides, 
hydroxides, and carbonates; 

agitating the mixture provided in step (I) for at 
least a sufficient tilne at a sufficient 
temperature that the mixture is f:a:-ea from any 

visually observable evidence of phase separation 

and is sufficiently stable that it would remain 
free f~m any visually observable evidence of 
phase separation during storage at temperature in 

the ranqe from 20 to 25 • c for a period of at 
least 100 hours; 

mixing with the agitated mixture from ·the end of 
step (II) a component {C) selected from the group 
consisting ot (l) w~ter solubla and watar 

disparsible polymers and copolymers of x• (N-R1-N­

R2-aminomethyl)-4-hydroxy-styrenes, where x = 21 

3, 5, or 6; R1 represents an alkyl group 

containing from 1 to 4 carbon atoms 1 and R2 

represents a.substituent group conforming to the 
qeneral formula H(CHOH)n·, where n is an integer 
fro111 3 to 8 and mixtures · of any two or more 
therof; and (2) disso~ved hexavalent chromium to 
fcrm Q·mixture th•t is sufficiently stable that 
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it would remain ftee from any visually observable 
evidence of phas~4 sepat"ation during stora.qe at 

t8Dlperature in the ranqe fro• 20 to 25 • c tar • 

period Of at least 100 hours. 

2. An aqueous liquid lll.ixture m.ade by a. process 

accord!nq·to olai~ i. 

3. A px-oceas e.ccorc.lin9 to claiia 1 comprising an 
aClditional step (Iv) selected from the qroup consisting of: 

-. 
(IV.l) coatinq a metal surface with a layer of· the 

10 liquid composition from the end of step (III), 

said layer having a thickness such that it 

contains fro211 i to :300 m;/m.2 of the metal surface 
of the tt>tal amount of ele:rnents selected from the 
qroup consistinq of Ti, Zr, B, Si, Ge, sn, and 

1S 

(IV.2) 

25 

111111111111111111111111111111 
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drying said layer of the liquid composition from 

the end of step (II!) into plaoa on said metal 
surface, without interntediate rinsinqi and 
contacting a metal surface with the liquid 
composition from the end of step {III) at a 
temperature in the range fro= 25 to 90 • c for a 
time in tho ranqe from 1 to 1800 seconds, 

removinq the metal surface from contact with said 
liquid composition from the end of step (III), 
rinsinq·said metal surface with water, and drying 

the rinsed metal surface. 
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4. A process accordin9 to · claim 1 aoapri11ing an 
additional step (IV) ~elected fro~ -bne vroup consistin9 of: 
(XV.1) coatinq a. inetal surface with a layer ot the 

liquid col'Aposition from the end of step (III) / 
s said layer havinq a tnickness such that it 

.contains from 5 to 100 w.q/"!112 of the lQat:al aurf'ace 
of the total. amount of . elel!lents selected fro:m the 
qraup consisting of Ti, Zr, a, si, Ge, sn, and 
dryinq said layer ot the liquid coMposition from 

1D 

(IV. 2) 

15 

---------

' 111111111111111111 11111111111 * C L M S * 

the end of step (III) into place on said metal · 
surrace, without intarm•dia~e rinsing, within a 
tiia.• in the ranC1e from 2 to 50 !!leconds afte~ 

coating is completed7 and 
contactinq a •etal surface with the liqUid 
composition from the end of step (III) at a 
telQperature in th• ran9e from 30 to 60 * C for a 
time in the ~ange from 3 to JO seconds, ~emovinq 
the metal surface fro• contact with ~aid liquid 
composition from the end of step (XIX), rinsing 
said metal surface with water, and. drying the 
rin•ed metal surface within a time fro• 2 to so 
seoonds after rinsing is completed. 
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5. A proce&& according to clahl 1, wherein ( i) the 

~ prciViCLad in step CI) contains a total amount in the 

ratJqe fro. o. 01 to 7. o JI of •aterial selected fr<>11 the 
group consist!Dq of HzTiF6 , HzZrr,, HzHfF6 , HzSiP6, BB~4 , a11d 

s •ixtures thereof and bas a ntio of moles of component (A) 
to equivalent. of ccapanent (8) in the ranqe froll 1:1 to 
so:1: (ii) dari.DQ' step {II) the mixture is maintained. at a 
tmrperature in tbe i"anc;Je frOll 2~ to ioo • c for a time in 
the ranqe fraa 3 to 480 •inutes; and (iii) component (C) 

10 cosprises a total uaoant of water soluble and water disper­

sible pol~ and copolYJMlrs of x-(N-R1-N-R2-aminomethyl)­
"-hyd:roxy-styre:?Mes, vb.ere x = 2, 3, 5, or 6, R1 represents 
an alkyl qroup contabtinq froa 1 to 4 carbon atoms, and "lt­
represents a ~stituent qroup conrorming to the qener4l 

\5 .fOnnUil J:t ( ~. - , wbere n is an inteqer from 3 tO 8 I SUch 

that t:ha ratio by veig:ht of said water soluble and water 
dispersible pol)'llerS and copolyaers.to the total weight of 
c01q)Onent (A) is in tlie range from 0.1:1 to 3:1. 

30 

35 

6. An aqueous liquid mixture made by a process 
accordinq to claa s. 
7. A process accorainq to claim. !:S compriain9 An 

additional step (IV) sel~ad from. the c;rroup consistin; of: 
crv .1) _coa~!.nq a •:tal surface with .. a layer of the 

(J:V. 2) 

li~d COJq>OSition from the end· of step· (III), 

said layer having a. thickness such that it 
co~...ain.s :rrma 1 ta 300 'mq/m.2 ~f the metal surface 
of ~ total a.aunt of eleinents selected from. the 

~ consisting' of Ti, zr, Br Si, Ge, Sn, and 
d.ryi:q said layer of the liquid composition from _ 

I 

the ~")d of step (~II) into place on said •etal 
s~~;e, without intermediate rinainq: and 

con~ctiD; a metal ·surface with the liquid 
ccaqx::sition froa the end of step (III) at a 
tarperatureinthe ranq~ from 25 to 90 • c for.a 
tbte in · the ranqe frc:>m l. to 1800 seconds, 

rell'll:::Vinq the 11e.tal surface from. contact with said 
liq-....!d CO'JlpOSition from the end of step (III), 

11111111 flf Ill lllfl 11111111111 
* C L M S * 
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X'insin9 said 111et11l surface with water, and dryi.nq 

th• rinaad metal surface• 

s. A prooeas accordinO' to claim 5 comprising an 
additional step (IV) selected from the group consistinq ot: 

' (IV.l) coating a metal surface with '- layer of the 
liquid composition from the end or step (:III), 
said lay~r having • thickness $Uch that it 

. contains fro• 5 to 100 mg/lAl of the metal . surta.ce .-
of the total amount of elements selected from the 

10 group consistinq of Ti, Zr, B, Si, Gei Sn, and 
dryinq said layer of the liquid compo•ition f~o• 
the end of stop (III) into place on said metal 

15 

(IV.2) 

20 

-·-----·-·---~----

I 1111111111111 11111 1111111 1111 
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· surface, without intermediate ~insing, within a 
time in the ranqe from. 2 to 50 seconds after 
ooatinq is completed; and 
oontactinq a inetal surface with the liquid 

composition frOlll the encl of step (III) at a 

temperature in the range from 30 to 60 • C for a 
time in the ranqe from 3 to 30 seconds, reJGovinq 
the •etal surface from contact with said liquid 
composition from tha end of step (III), rinsinq 
said metal surface with water, and dryinq the 
rinsed me.tal surface within a time from 2 to 50 
seconds after rinsinq is completed. 
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9. A process accord~89 to claim 1, Wherein (i) the 
•ixtur• provided in step (I) contains a total amount in the 
ranqe fr011 0.1 to 6.0 Hof material selected fro• the group 
consisting of HzT!P6, ffiZrF6, H2S_1F6, and mixtures thereof; 

s has a ratio of moles of component (A) to total equivalents 
ot oxides, hydroxides, and carbonates of silicon, zirconi­
Wll.\, and aluminWll in the range from 1.5:1.0 to 20:1; and has 
a pH value in the ranqe from 0 to 4 I (ii) during step (II) . 
the mixture is maintained at -a temperature in the r~ge 

10 from 30 to so • c for a time in the range from 5 to 90 min­
utes 1 .and (iii) component (C) comprises a total a111ount of 

water soluble and wa~er dispersible polymers and copolymers 
of x-(N-R'-N-R2-aminomethyl)-4-hydroxy-styrenes, where x ; 
2, 3 , S, or 6, R1 represents an alkyl qraup c:onto.ining fro• 

1s l to 4 carbon atoms, and R2 represents a substituent group 
conforminq to the general fo%'lllula H(CHOH)n-, where n is an 
integer from 3 to 81 such that the ratio by weight of said 
water soluble and water dispersible polymers and copolymers 
to the total weiqht ot component (A) is in the ranqe from 

20 0.2:1 to 2:1. 

10. An aqueous liquid mixture made by a process 
accordinq to claim 9. 

111111111111111111111111111111 
* C L M S * ~· 

. 
•· 
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11. A process according to clai11 9 ooapriaing an 

additional step (IV) salectad from che qroup consisting of: 
(:CV .1) coating a metal surface with ·a layer of the 

5 

10 

(J:V.2) 

1S 

-----·----

111111111111111111111111111111 
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liquid composition from the end of atep (III), 
said layer having a thickness such that it 
contains £:r;om 1 to 300 a9/m2 Qt th• met.al surfaoe 

of the total amount Of elelllents selected froa the 
c;roup cori1d~tinq of Ti, ~r, B, Si, Ge, Sn, and 
dryinq said layer ot the liquid composition from 
the end of step (III) into place on said metal 
surface, without inta:tmedia~e rinsing:" and 
ccntactinq a 11ietal surface with the liquid . . 
composition from the end of step (III) at a 
temperature in the ranqe from 25 to 90 • c for a 
time in the ranqe from 1 to 1800 seconds, 
re•ovin~ ~he me~a1 surface from contact with said 
liquid composition fro• the end of step (III), 
rinsinq said metal surface with water, and drying 
the rinsed metal surface. 
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12. A proc:esu According to olai• 9 comprising an 
additional ntep (IV) selected from the group consisting of: . 
(IV .1) coating a llletal surface with a layer of the 

liquid composition from the end of step (III), 
said layer havinq a thickness such that it 
c~ntains from 5 to 100 mq/m.2 of the metal surface 
of the total ainount of elements selected fro• the 
group consistinq of Ti, Zr, B, Si, Ge, Sn, and 
drying said layer of the liquid composition from 
the end of step (III) into place on said •etal 
aurfaca, without intermediate rinsinq, within a 
tble in the ranqe fl;'om 2 to 50 seconds after 
coating is completed; and 

(IV.2) contactinq a metal surrace with the liquid 
composition from the end of step (III) at a 
temperature in the range froa 30 to 60 • c for a 
time in the range from 3 to JO seconds, re~ovinq 
the metal surface fro• contact with said liquid 
composition tro~ the end of atep (Ill), rinsinq 
said metal surface with water, and dtyinq the 
rinsed metal surfaQe within a time from 2 to 50 
seconds after rinsinq is completed. 

---·--------·--. 
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13. A process aocordin~1 ta oloim 1, wherein (i) the 
lllixture provided in step (I) oantains a total amount in the 
ranqe frOlll 0.1 to 6.0 I of material selected froa the group 
consistinq ot HzTiF6, ffaZrP6, ffiSiF6, and mixtures thereof1 

s bas a ratio of aoles of component (A) to total equivalents 
ot oxides, hydroxides, an~ cAr~onates of silicon, zirconi­
um, and aluminum in the ranqa from 1.5:1.0 to 5:1; and has 
a pH value in the range from O to 2; (ii) during step (II) 
the mixture is maintained at a temperature in the ranqe 

10 fro• 30 to 80 • c fQr a time in the ranqe fx:om 10 to 30 
minutest an4 (iii) c0mponent (C) comp~ises a total amount 
of water soluble and water dispersible polymers and copoly­
lllers of x-(H-a1-H-R2-aminoU\ethyl) -4-hydroxy-sty:r:enes, where 
x = 2, 3; 5, or 6, R1 represents an alkyl group containing 

1S from 1 to 4 carbon atoms, and R2 represents a substituent 
group oonforminq to the qeneral formula H(CHOH)~-, where n 
is an integer from 3 to 8, such that the ratio by weiqht of . 
said water soluble and water dispersible polymers and co­
polymers to the total waight of component (A) ~s in the 
ranqe.fro~ 0620:1to1.6:1. 

14. An aqueous liquid iaix.1:.ure made by a process 
according to claim 13-

-------------·· 
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15. A process according to clal• ll COJ1Prisinq an 
additional atop (ZV) selected from the group consistinc.J of: 
(IV.l) coatinq a metal surface with a layer of the 

c:r.v .. 2> 

liquid composition from the end of step (XII), 
said layer havinq a thickness such that · it 
contains f'ron 5 to lSO 1Jl9/m.2 of the 11etal surface 
of the total amount of. elements selected froa the 
group consisting.of Ti~ Zr, B, Si, Ge, Sn, and 
deyinq said layer of the liquid c0.posit1on t:r;:om 
the end of step (III) into place on said.metal 
5U~faca, without intermediate rinsinq; and 

oontactinq a metal surface with the .liquid 
composition from tha end of step (III) at a 
te~perature in the ran9e from 30 to ss • c for a 

time in the range from 1 to 300 seconds, removinq 
the meta1 surface from contact with said liquid 
composition from the end of step (III), rinsinq 
said metal surface 'with water, and drying the 
rinsed metal surtace. 

•. 
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16, A process according to claim 13 comprisinq an 
additional step (IV) selected from the g~oup conaistinq of: 
(tv.1) coating a 111etal surface with a layer of the 

(IV. 2) 

liqUid composition tro~ the end of step (IZI), 
said layer havin9 a thickness suoh that it 
con ta.ins from 5 to 100 m1:1/m.2 of the metal SQ:i"f ace 
of the total amount of elell1ellts s.ailected fro. the 

. qroup consistinq of Ti, Zrr· B, si, Ge, Sn, and 
drying aaid layer of the liquid composition trom 
the end of step (III) into place on said metal 
surface, without intarm~diate rinsing, within a 
till1e in the :ran;e from 2 to 50 seconds after 
coatinq is completed; and 
contactinq a metal surface w1th tha liquid 

colttposi tion from the end of step (III) at a 
temperature in the range from 30 to 60 • c for a 
time in the range from 3 to 30 seconds, removing 
the metal surface from contact with said liquid 
co.position from the end ot step (IlZ), rinsin~ 

said metal surface with water, and dryinq the 
rinsed metal surface within a time fro• 2 to 10 
seconds after rinsinq is co•pleted. 

17. A prooes~ accordinq to clai• 1, wherein (i) the 
m!Xture provided in step (I) contains a total amount "in the 

2S range from 0.1 to 6 .. 0 K of H2TiF6; bas a ratio of moles ot 
~TiF, to total equivalents cf silicon dioxide in the ranqe 
from 1.s:1.o to 5:1; and has a pH value in the ranqe from 
o.o to 1.0; (ii) durinq step (II) the mixture is maintained 
at a temperature in the range from 30 to 80 • c for a time 

30 in the range fro• 10 to 30 minutes 1 and (iii) component (C) • 
· cotitprises a total amount of water soluble and water disper­
sible polymers and copolymers of x-{((N-methyla~ino)­

glucamino]methyl)-4-hy~:roxy-styrenes, whe:J:e x = 2, 3, 5, or 
6 1 such that the ratio by weight of said wate~ soluble and 

35 water dispersible polymers ~nd . copolymers to the total 
weiqht of HzTiF6 is in the range froll\ 0.20:1 to 1.6:1. 

---·-· -------
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18. M Agueoua liquid mixture made by a process 

according to clai• 9. 

1~. A process according to claim 17 comprisin9 an 
additional step (XV) selected from the group consisting of: 
(IV .1) ooatinq a metal surface with a layer of the 

(:tV.2) 

liquid composition from 'the end o~ atap (III}, 

said lay•!:' .havinq a thickness such that it 
contains from.S to 150 mqfli' of the metal surface - . 
of the total amount of elements selected from the 
qroup consistinq of Ti, Zr, B, Si, Ge, sn, and 
drying said.~ayer of the liquid composition from 

the and of step (III) into place on said •etal 
surface, without intermediate rinsinq; and 
contacting a metal surface with the liquid 
composition ·from tha end of step (III) at a 
temperAture in tha ranqo from 30 to 85 • C for a 
time in the ranqe from 1 to 300 seconds, removinq 
the metal surface fro• contact with said liquid 
composition fro• the end of step (III), rins1nq 
said metal surface with· water, and dryinq the 
rinsed matal surface. 
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20. A process according to claim 17 comprisinq a.n 

additional step (IV) selected from the 9roup consisting of: 
(nt.l) coating a ••tal surface w~th a layer of the 

liquid composition from the end of step (III), 
s said layer havin9 a ~hickness s~ch that it 

contains from 5 to 100 mq/m2 ot the metal surface 

ot the t~tol uount. of elements sel•cted from the 

group cons.istinq ol! Ti, zr, B, Si, Ge, Sn, and - . . . 

10 

15 

(IV.2) 

20 

2S 
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dryinq said layer of the liquid composition froa 
the end of step (III) into place on said metal 
surface, without intermediate rinsinq, within a 
t:i:A\e in the range f~oia 2 to 10 seconds after 
coating is completed, while b~inqinq the maximwa 
~etal temperature during dryinq to a value 
between 30 and 75 • C; and 
contactinv a metal surfaoo with the liquid 
composition frOl!l the encl of step (III) at a 
te~perature in the ranqe from 30 to 60 • c tor a 
time in the ran9e from 3 to 30 seoonds, removing 
the •etal surface from contact with said liqUid 
coiilpoaition from the on4 of step {III), rinsinq 
said metal surface with water, and dryinq the 

rinsed metal surfaee within a time f~o• 2 to 10 

Seconds after rinsinq is completed, Wh1le 

brinqinq the maxisaum metal temperature during 
drying to a value between JO and 75 • c. 


