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, 2005. BACKGROUNR (53 ARND: TR OYENMTTL IS §! ELD OF THE
I NVENTI ON This invention relates to a process for
preparing zirconi umchrom um conversi on coatings on
iron and iron alloys. The process conprises
ORIGIN OFBEMENTIONon and its alloys with effective anobunts
of an acidi c aqueous sol ution containing trivalent
chrom um conpounds, at |east one hexafl uorozirconate
and optionally, tetrafl uoroborates and/ or
h = OS il .G Zi f
B RS OE e feref [ (AT, By ) FTACDRR States

this ventjion relates, to, a process fo retreating
10 Goverpigt s iry b hanig e bR Rl &Y B 54 o BerlieBl s
bondi ng and corrosion resistant properties. The
goverpnestal Prpesep Mitheyt the paymery of agy raysies dheregn epthetsfar, an

aci di c aqueous solution containing effective

CONTINUATION APPLICATION

15 This Application is a Continuation-In-Part of copending Application Serial No.

NC-96,347, Filed: , 2005.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

20
This invention relates to a process for preparing zirconium-chromium conversion
‘coatings on iron and iron alloys. The process comprises pretreating iron and its alloys
with effective amounts of an acidic aqueous solution containing trivalent chromium
compounds, at least one hexafluorozirconate and optionally, tetrafluoroborates and/or
25 hexafluorosilicates, zinc compounds, surfactants, wetting agents and/or thickeners.

More specifically, this invention relates to a process for pretreating iron and iron alloys to
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anounts of at | east one water-soluble trival ent
chrom um conpound, a water sol uble al kali netal
wheooafssses ozi rconate, at | east one water sol ubPer/abioas/41413
netal tetrafl uoroborate and/or hexafl uorosilicate, at
. | east one water sol uble divalent zinc conpound, and
improws the allpyscadhesion bending aad eprresipm Fsistanh PEIPENies s ThparOsess
wat er sol ubl e surfactants. Current surface preparation
comprixes ireatingairboysd suadloya with aedcidin atjumbes solution eontaining effective
mechani cal and chenical processes, depending on the

amourdP8f 4tqedst BAe WaRASMABlearivaRhi dHISmhaY CorBpeihdy & &¢hter soluble
historically to inprove the adhesion of various outer

. . : : i
okl 324 hBETUBHG Ao i Moo Ok, SAEF ARG oliB8 iiEatRlroborate
i.nprove t.he adhesi on when at gati ngs we ot

and/on e aficTaplicn o) gt ohe ey S100e Nefenl 23k cPpaUid inf
primer is applied directly to the grit-pblasted steel
effectiyp pagunts of gyasersglgbleghickenéra and{pr water sQjublgsurfactantycess.
Many organi zations rely on the direct-to-netal
t Eutraitgusfacs prehaatioreobirop Albeystsaclzacsieal imdudede vdrieheoidue
to their reliance on a hexaval ent chrom um "rinse" for
mechaafal sdehraiiesli ppocesded, dapending on thesppdicatiore . PRABphate coatings
direct-to-netal coating is straightforward and does

have Y8t uéedl BistBAcAlyD Sbfde! the RARMiORSSH vaReds diffler dohtiﬁ%%_%ﬁch as
not ati ng

, however, “provide an optinum performng co
. . . a) . S
paint oG8R FsiBAREIE R, P eRRHRRS b PEIG 3T RRn LARS
. . _is_ parfially due . to.the near ubiquitou e _of .
improy R SR S PR eBRs Were iyt PRERCAIRY Py s sase.
steel ., In additigon, while grit- blasting i rts . a
the desierdrppintaeivact i apphisd dareetly to the grit-hlasted stsgl qu})ﬁgés refgsesd to as
i ntensive and requires application of the grit over
the “ditect-tohmetad epiocessr Many orgamzatiens rely on the direct-to-metal technique

as the use of phosphate coatings decline due to their reliance on a hexavalent chromium
“rinse” for optimum adhesion and corrosion resistance. While direct-to-metal coating is
straightforward and does not rely on a chemically-produced coat'mg,‘ it does not, however,
provide an optimum-performing coating system. The absence of a chemical pretreatment
lowers the overall corrosion resistance of the system. This is partially due to the near

ubiquitous use of non-chromated primers for painting iron alloys such as steel. In

addition, while grit- blasting imparts a sound mechanical base for paint adhesion it is

labor intensive and requires application of the grit over all the steel surface, generating
large quantities of spent grit that must be collected and then recycled or disposed.
Further, where there is no corrosion-resistant conversion coating on the iron alloys

such as steel there is the problem of “ flash rusting” that occurs after the steel parts are
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| arge quantities of spent grit that nust be coll ected
and then recycled or disposed. Further, where there is
WMR006/08850%1 ON-r esi st ant conversi on coati ng on PEEURI00$041413

al l oys such as steel there is the problemof" flash
rusting"” that occurs after the steel parts aregrit

grit blastessereleamed dhus heloee theraii st be apMiedp a%ﬁtremnts:@t to keep flash
applied. The requirenment to keep flash rust from

rust franaeturring phdcas & remehd@nenadansorbschediiingrand cloesindtiatigwaiiod
does not allow for conponents to sit for nmore than a

compJneﬁ\ts he 5k FortRERTRarPe Fve hirs BEREE belhd PaiftedY qrh‘i§prE{?éilts the

parts or conponents frombeing allowed to sit

s G i BRS-GBS it
eSS RSP ST SR bSO g8 Rl

productive than it aordinarily could be. In addition,
carmotptmasntw beforgbaend of mamcalraeslyﬁoa&%@aderé prodystiony less

pai nted that need to be shipped or noved before
produqsivie tannigy ordivarily esuldibee labdditiom parts ot canpeneptsothat arev e

coating that mnmust then be subsequently stripped before
procesgdt buciitiyenpaited iteat paedio be’Shigpedioe aloved btfoeapaibtiig fequires

iron alloys e.g. steel that is anal ogous to an

an ela@r&maﬁal m)a bR ating tlEH?tmlﬂVﬁ'eh 88 |s€bs*éHﬁeﬁM§r%§bﬁ%§ before
desirabl e uch a coating would i npart good pain

appllcﬁﬁll?fcﬁ" P&gt tlb% Shicsl %H'?%t[‘nr §{3 r Yidoh Qﬁggs Qg gl qlaf?‘ls

SUI‘ ace I ncre ‘he corrosi on

sj stance.of the painted stee ret nt. of _t

anlogy 5y B eR et tson%ﬁwl@hlf‘rﬁa&qlﬁf fe o 2 Fucka

al l ow for expanded handling tines of the steel parts
coatingwoylddmnggs goed Paint edlwlqyatp%h%ﬁ?el subsirate yithoytasediag grit-

coul d be produced by nerely inmersing the conponents
blastedbsurface ahd fhwrdby inerezsetthe korodsianeesiptance efithe pgintad) strel. oA,

or by spraying the solution onto the alloy, or by
pretreatmphtng thdall@okouild @also serve to prevent flash-rusting and allow for expanded

handling times of the steel parts before they need to be painted. Such a pretreatment

could be produced by merely immersing the components or steel parts in a tank of the

. pretreating solution, or by spraying the solution onto the alloy, or by wiping the solution

on to the alloy.

| SUMMARY OF THE INVENTION

This invention relates to a process for preparing conversion coatings on iron and
its alloys at ambient temperatures or higher e.g. ranging up to about 120°F. More

specifically, this invention relates to a process of preparing conversion coatings on iron
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on to the alloy. SUMWARY OF THE | NVENTI ON Thi s
invention relates to a process for preparing
W@ o0v6e88sioHN coatings on iron and its alloys atP@mEm®N$/041413

tenperatures or higher e.g. ranging up to about 1200F.

Mre specifically, this invention relates to a process
alloys stichmsetest torigaprovevisy egrensiaogsisianes and gdbesien bending properiiss.

steel to inprove its corrosion resistance and adhesi on
The trivaledi cigomnep prdcess(TCHeftthis ualertidn cdmprises am peidicesmeous

(TCP) of this invention conprises an acidi c aqueous
solutio?ﬂa‘ﬂdgo‘{‘]iﬂq @éﬁg’%&% RoHboaN?k RE 5 {5218 préfeibly?3.7 td £.0Darkd pétditer

ably 3. 0

prefer 4.0, and per liter of said acidic
. SOl ut | . fr D1 .
of saicdl sBiod YRGEL BRSO O (22 G o W BOL IRy Flop chygmivm
r of al kal i net al xaf | uprozi rconate, fro .0
compagdaapogt 4L 12 rarpiutt ke Rrab RERS BB Bl GEpL 06 12
fromthe group consisting of tetrafluorobgrates,
grams pé bleasi ope Snpiosempeuntherlceied Bos thomoupsonsHyeter eof
inany ratio, fromO0.0 to 10 grans of at |east one
tetraflumbborates| hénafludiosticates apd Nariousmoouhinktions drerd®f n any rago,
grans and preferable 0.5 to 1.5 granms of at |east one

from (VGREECTO Sr@ahdlif 8t lehdt Oe Riter sahbleodivaleaiaifc Cortipouhd, from 0.0 to 10
preferably 0.5 to 1.5 grans of at |east one water

grams 3Rl P&'f@ra@l@ .9 @M .§ grfRd bLR1LasPonARARAGuBl illidiEdn@R tan@or from
wetting agent. It 1s therefore an object of this

i nventi en " i. 6l [ . ..
0.0 to i@ %ﬁﬁ? Prse??{alglg Ot%: t?’\,las glr']q%[ﬂsc ﬁfrca{é ?néagt r@%g\sn%glasnog@lgﬁéﬁfbmc, cationic
.hexafl uorozirconates, and tetrafl uoroborates and/ or

or aniqpu sYTFAGHAnG Y WFHREA8eMyr pretreating iron all oys to

i mprove its adhesi on and corrosion-resistance )
plt dptherefers an object of this invention to provide an acidic aqueous solution

comprising a trivalent chromium compound, hexafluorozirconates, and tetrafluoroborates
and/or hexafluorosilicates for pretreating iron alloys to improve its adhesion and
corrosion-resistance properties.

It is another object of this invention to provide a stable acidic aqueous solution
having a pH ranging from about 2.5 to 5.5 which comprises a trivalent chromium salt and
hexafluorozirconates for pretreating iron alloys such as steel.

It is another object of this invention to provide a pretreatment process for coating
steel that has a practical color change and imparts good adhesion without a grit-blasted
surface. The pretreatment process of this invention also provides improved corrosion
resistance of painted steel compared to steel that is painted by the direct-to-metal method.

It is a further object of this invention to provide a stable acidic aqueous solution

having a pH ranging from about 3.7 to 4.0 comprising a trivalent chromium compound
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It is another object of this invention to provide a
stabl e aci di ¢ aqueous sol ution having a pH rangi ng
wo e@ansdso’it 2.5 to 5.5 which conprises a trivaP@nus2005/041413
chrom um salt and hexafl uorozirconates for pretreating
iron alloys such as steel. It is another object of,
and hexiafluotopirenmatesrfor Gegiingiratealleypateahoshropsn tempetaters o higher
coating steel that has a practical col or change and
whereingad heldig @olitiad tefiaiis sobsthoially aogrexhvdlermsheanisor. f ace.
The pretreatnment process of this invention also

p‘Tﬁ&fedcﬁa OtHER0B}R o £AE AR WP b SppafenP BY Réfefénce to the
steel conpared to steel that is painted by the

i N e . . i
detaﬂ?dné/egsg{l?%o% ‘?gé‘gé%‘g?‘f § ge%gnscth galt’g]hémglm | téﬂg%cﬁg%,ﬂs is o?ilj%(? %nl%’
having a pH ranging fromabout 3.7 to 4.0 conprising a
(ph(’t‘is?i val ent chrom um conpoundand hexaf | uor ozi r conat es
for treating iron alloys at about roomtenperature or
hi gher wherein said acidic solution contains
substantially no hexaval ent chromi um These and ot her
DESCRIP&DON &iF THE DRAMWINGS wi | | becone apparent by
reference to the detailed description when considered
in conjunction with the acconpanying FIGs. 1-6,
(phot os). DESCRI PTION OF THE DRAWNGS Fig. 1 is a
p i - : ) N Rim | withinb RrifBlagt. | t
bF%? .lgépgékzoﬁlgﬁg%%ﬁg?% of %Ebﬁ%gtgé&tgﬁng?flﬁer on

i B LS s B g o

Zen treatnment, with no grit bl ast.

blast.

Fig. 3 is a photo of MIL-C-53022 primer on steel with Aqua Zen treatment, with
no grit blast.

Fig. 4 is a photo of MIL-C-53022 primer on steel with grit blast treatment.

Fig. 5 is a photo of MIL-C-53022 primer on steel with TCP-P coating with grit
blast treatment.

Fig. 6 is a photo of MIL-C-53022 primer on steel with Aqua Zen treatment with

grit blast treatment.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to the process of using an acidic aqueous solution having a
pH ranging from about 2.5 to 5.5, and preferably from about 2.5 to 4.5 or 3.7 to 4.0 for

preparing a zirconium-chromium conversion coating on iron and its alloys such as steel to
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Fig. 4 is a photo of ML-C 53022 primer on steel with
grit blast treatnent. Fig. 5 is a photo of MEL-C- 53022
wEerioesssosr steel with TCP-P coating with grit PCEES2005/041413

treatnment. Fig. 6 is a photo of ML-C 53022 prinmer on
steel with Aqua Zen treatment with grit bl ast

improve athesiembondiag and £ qOBESSRN I SRNEPIYPEtieNvHkEiaNoyrhT ke
invention relates to the process of using an acidic

proces8 Gumptists poéparingnhdipretrognmenpdatiap by ngingrao mcaboaquedussdlotion
5.5, and preferably fromabout 2.5 to 4.5 or 3.7 to

at temﬂergtufe@ radYiBP P ' Sbcut anow Highe: WIIEh BothsifseY Srosh Mbut 0.01 to
oating on iron and its alloys such as steel toinprove

zzgmorope?%?ee}égﬁ%@ﬁe a I(wlet e prlgg gqﬁﬂgﬁﬁp(?gﬁﬁl“faﬂeasmm

arin etreatmen |d|
water Sy cm s e & aﬁ@ﬂ%&ﬂéﬁuﬁ‘éteu% HMdna2
12Q0F or her whi ch conprl ses from about, 0.01 to 22
grams gnaaus eatly SPOFE A §.Oraramy &BoG0 10 BN S ebapicathon afeli
5.0 to 7.0 grans of at |east one water sol uble
metal hexafladrenircadate mbomh CO bp bugrims.agd préfemblyfomabbuat G01 to 1.2
about 0.01 to 12 grams and preferably about 1.0 to 8.0
grams @/ 0H 2 €o 0.246rBmb of &t 18aq baeBudiocainpbaadicleenal @biahé group
nmet al hexafl uorozirconate, about 0.0 to 12 grans and

consw%ﬁ% benedd etdi %Hﬁﬁ@fﬁbo@at&l aﬁ(ﬁh Inddal KR ABudRofllicHesland Wirious

grans of at east oné uor oconmpound sel ect ed

"
mIXturteggr %(}I?rbﬁlggtfl) nt)éﬁ:g Saﬁ]&?%lo an?hai‘:&?[L dﬁ?PUOT OSI I ca eds
et BT 1B ] PRI RTS8, pono

0.001 to 10 or 0.1 to 5.0 grans of at Ieast one
zine s@fajal ent zi nc conpound such as

After cleaning and deoxidizing or pickling the iron alloy e.g. steel substrate via
conventional mechanical or chemical techniques, the solution is applied at about room
temperature to the substrate via immersion, spray or wipe-on techniques similar to the
process used for aluminum pretreatments. Solution dwell time ranges from about 1.0 to
10 minutes. With this solution, the 1.0 to 10 minute dwell time yields an optimum film
for color change, paint adhesion, and corrosion resistance. More importantly for this
invention, the 1.0 to 10 minute dwell time yields appreciable color change to the as-
'deposited coating that ranges from royal blue to blue-gray depending primarily on the
chemical composition of the aqueous solution. The remaining unreacted solution is
subsequently rinsed from the substrate with tap or deionized water. No additional post-
treatments of the alloy are necessary. The pretreatment coating is allowed to dry

thoroughly before subsequent painting.
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zinc sulfate. After cleaning and deoxidi zing or
pickling the iron alloy e.g. steel substrate via
we@emsestsional mechani cal or chem cal techni queBCT/UR®05/041413

solution is applied at about roomtenperature to the
substrate via inmersion, spray or w pe-on technjque
s Imsoneg progesshs depensingson the phygeal ghefastatistics of the iron alloy i.e.
pretreatnments. Solution dwell time ranges from about

steel shb@ratosubh asitheipesical¥izdiof the sulsstiate, pwnniquib feature is the addition
mnute dwell tinme yields an optimumfilmfor color

of a tHiY@A&E0 tR&bslhtias s hidsin éstineamflasbinatonsdi b ing speay didrvepe-
importantly for this invention, the 1.0 to 10 minute

0
on ap{itnd b oWl dSE RS ?‘% G288 i ABSfiigRich o formation
r ndi

of powia BTl s h poenae naunesiat T bR kihensrs gso sdsn
unreacted solution is subsequently rjnsed fr

propex {il5 formationjdupng laseearey éPElrﬁaE%‘éP e pitigates, %@F‘}ﬁ%‘fﬁ?“ of
posttreatnents of the all are necessary. The

rinse watet thetutemsins cotheisnbstiate dcassing fipnt prsviswgisteps. This
bef ore subsequent painting.In some processes,

featuré 0P Pro@soNicldidilph)thdt have ahstteaks and atiaasmpioveneent ron
alloy i.e. steel substrate such as the physical size

colore@xfon taﬂ@ cOHOSbA PldtectRD. WABKSHIAKIB HMEIRNES shble asthei dell@osOf
hi ckener to the solution that aids in optimumfilm

comp&tﬁldgg}e gﬁgseq{f i ﬂ% a§ﬂﬁca¥ RBEs Q’&llﬂﬁﬂﬂn%ﬁl&qgﬁ%{ﬂ%ﬂﬂh about 0.0

own sol ution vapor ati on IS a tigates

the forpation of. p posits.that,deqgra '
to 10 s SPLHEEr #RA PRSERED Ohs by 5 Riic bl 1o PR BB the
proper filmformation during |large area applications
aqueo splntion. gates the diluent effect of rinse water that

remai ns on the substrate durln? processing from
pFaxtherudepending, onmthe sharacteristics of the iron alloy, an effective but small

amount of at least one water-soluble surfactant or wetting agent can be added to the acidic
solution in amounts ranging from about 0.0 to 10 grams and preferably from 0.5 to 1.5
grams e.g. 1.0 gram per liter of the acidic solution. There are many water soluble
surfactants known in the prior art and therefore for purpose of this invention the
surfactants can be selected from the group consisting of non-ionic, cationic and anionic
surfactants.

The trivalent chromium is added to the solution as a water-soluble trivalent
chromium compound, preferably as a trivalent chromium salt. Specifically, in
formulating the acidic aqueous solutions of this invention, the chromium salt can be
added conveniently to the solution in its water soluble form wherein the valence of the

chromium is plus 3. For example, some of the preferred chromium compounds are
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feature of the process yields filns that have no
streaks and are an inprovenent in coloration and
W@ 2006084508 prot ecti on. WAt er-sol ubl e t hi ckenerBCHUSIN0OHB41413

the cel l ul ose conmpounds are present in the acidic
aqueous solution in amounts ranging fromabout 0.0 to

incorpamtahia e pelntion inche SHER o GRS (NIBOETED e 08 KOS oamd
about 1.0 gramper liter of the aqueous sol ution.

any mikture$ef thestegramsbiunds. onA tpheferéxdhtrivateat ¢lerbingiem calt chrcentration is
all oy, an effective but small anmount of at |east one

within'¥Ré finpé oF BB R 50401 B0 baids st 1166 of tHthqReaR! sobafbrb gt Raddeen
to thé acidic solution in amounts rangi ng from about

r . I
found fofipheficfflely 800 Alfs BEREHAT Rob IRk drctchl MindERalen
are nman er sol.uble surfactants known in the prior
chromfiey oGROHLISErBEE PGP doLE TRRY EXERYent i on | he
surfactants can be sel ected fromthe groyp consisti,
I seB¥e-treptmentscihe Alsal cncipldetahuomtoraies pudondeatiuamglicates
trivalent chromumis added to the solution as a
can bewssdtled tostbk abidic solutionis émamohmts @b low aohPbgramms perditerrupdp yhe
as a trivalent chromumsalt. Specifically, in

solubilfi@imitdf the compomaisdiRor agamplesateal $0% evedglifpetdensof the
i nvention, the chromumsalt can be added conveniently

fluorodiRcdtd & RIALYHhUA dnfthé Weigh b the TRIHIHIRoARE MV \BVRELWBrdsBr 8.0

val ence offthe chromumis plus 3. For exanple, sonme
s G O A S TR & SR

KCr (S i . ds
aaced 5T SRR MBS B Rl RS T E BB P B0t oo e

within the range of about 5.0 to 7.0 grans per liter
fluorobgraterfalt basesrrsths geight o the flugreziragaalp salt. For epxamplé, about 1.0

to 10 weight percent of the fluoroborate salt can be added based on the weight of the
fluorozirconate salt. A specific example comprises from about 6.0 to 8.0 grams per liter
of potassium hexafluorozirconate, about 5.0 to 7.0 grams per liter of chromium Il sulfate
basic, about 0.1 to 5.0 grams per liter of divalent zinc sulfate and about 0.12 to 0.24
grams per liter of potassium tetrafluoroborate and/or hexafluorosilicate. An important
result of the addition of the stabilizing additives i.e. the fluoroborates and/or
fluorosilicates is that the solution is stable while the pH is maintained between about 2.5
and 5.5. However, in some examples the solutions may require small adjustments to the
pH by the addition of effective amounts of a dilute acid or base to maintain the pH in the
range of about 2.5 to 5.5 and preferably from 2.5 to 4.5 or 3.7 to 4.0.

The solution may contain at least one divalent zinc compound to improve the

color and corrosion protection of the alloy when compared to other treatment or



found that particularly good results are obtained from
t hese processes when the trivalent chrom um conpound
WO 200p0885e81t i n solution in the preferred rangeBCT/052005/041413
sonme treatnents, the alkali netal tetrafl uoroborates
and/ or_ hexaf | uorosi | i cat es can bf added to thﬁ acidic d
compostiams i doinet oRsRZinca sTheypeyst of the Zpcsrmpaunds panckhe Yasie
to the solubility limts of the conmpounds. For
to adjusk theplobyr iniperted ®0ke vedtigiy, foerasdittle e$ alaws 0.001 grams per liter up
fluorosilicate is added based on the weight of the
to 10 %rhm@ pezlitet ©/320.¢ to 510 @hherof Kidscatfon. TheQdigalemzipraran be
iter of the fluorozirconate salt, about 4.0 grans per

! 1 s tif) Qvafed laHd i0dmpAkibl
Supphé‘? t er aatc:]?ef\lllléﬁ?scgt gb gggkgbg%% ﬁ%qg%ot 0 S100 avva ght pg}%égnte

5 with tl}q ?}hh 5 ffr:;puog)rﬁgegr ]éSHaI cﬁ?@lu&gi; g%ﬁ'&%n{ Bglo \éﬁfngg%ncgfth%%?e water

ht percent of the fl bor alt c
solubleyat g refie AEIEEOR prefeatly fshiste; K ramales e aceieie zine
specific exa ecorrpnsesfromabout 6.0 to 8,0 grans
tellunqlm ZinG t@@aﬂmrngmtss@m mclebdate, pine hegxaflunsagilicate, t?amsukfa@ and
to 7.0 grans per liter of chromumH sulfate basic,
the likalbouhy foribinatién thepofiirsamperatibi t er of di val ent zi nc
sul fate and about 0.12 to 0.24 grans per liter of

PPh@petreffnicit bAthk HOGIeY St RNAnéd bevat vhtiausasinpéramires.
An |nportant result of the addition of the stabilizing

10 includ B "u he | ésﬁﬁeﬁm?e of thé sctlhﬂ@ﬁ QAL 3k s T Ynbient e.g. from about

lcates Is that the solution is stabfe while

h o
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the pH hi the range of about 2.5to0 5.5 and preferably
coating mgy) ke a@ir dredibysanyrofthemeghags gnown in the art including, for example,

oven drying, forced-air drying, exposure to infra-red lamps, and the like. For purposes of
15 this invention, the term “iron alloys” includes any iron alloy such as steel containing
small but effective amounts of various other metals and non-metals such as carbon.

The following Examples illustrate the stable solutions of this invention, and the
method of using the solutions in providing color recognition, improved adhesion bonding
and corrosion-resistant coatings for iron and its alloys.

20

EXAMPLE 1

A stable acidic aqueous solution having a pH ranging from about 3.4 to 4.0 for

pretreating steel to provide a corrosion-resistant and a color recognized coating thereon
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The solution may contain at |east one divalent zinc
conpound to i nprove the color and corrosion protection
w@booblgsssd | oy when conpared to ot her treat nentPCT/US2005/041413
orconpositions that do not contain zinc. The anount of
the zinc conpounds can be varied to adjust the col or
comprisesp pet kitdr oDsalitéong ehoutig) gfams of svalentichroraiynpydiate sz 1
grans per liter up to 10 granms per liter e.g. 0.1 to
about 40 @ra@hdipodissitinh he xafhior@irconBieant] stadue h10 gramofeime saifate.
supplied by any chem cal conmpound e.g. salt that
di ssolves in water and is conpatible with the other
conmponents in the acid solution. Divalent zinc
conmpounds that are wagggéigggﬁ%e at the required
concentrations prefer de, for exanple, zinc
acetate, zinc telluride, zinc tetrafl uoroborate, zinc
nol ybdat e, zinc hexafluorosilicate, zinc sulfate and
the |like or any conbination thereof in any ratio. The
h stablecacidin aqusous Felufipp fordrepdng steelfo farme 3 cpiragoRgsisiant
various tenperatures including the tenperature of the
coatingsthlertion @ompinises) pechige of $olutinnaatnue3t0 grams of tvalets shromium
roomtenperature up to about 120F or higher up to

sulfate¥asie! abdRPAI6. orin@e 6T pewaRsig thexAluosozirodhate ad, frénaby@r0.0 to
inthat this elimnates the necessity for heating

12 glafiidid? Ve bbSkafy be air dried by any of the
0.12 wethOSEE%%0mn~Fn tre a?t i ncludi ng, for exanple, oven
drying, forced-air drying, exposure to infra-red

| anps, and the |ike. For purposes of this invention,

the term"iron aIons"Mi any iron alloy such as
st eel containing smal 1E ctive anmounts of

vari ous other netals and non-netal s such as carbon.
The followi ng Exanples illustrate the stable sol utions

of this invention, and the method of using the ]

s Istablecavidic aquaony isoliutign dol treating steglrtiotprovide a opiresierdresistant

adhesi on bondi ng
and a color recognized coating thereon comprises, per liter of solution, about 3.0 grams of
trivalent chromium sulfate basic, about 4.0 grams of potassium hexafluorozirconate,
about 0.12 grams of potassium tetrafluoroborate and about 2.0 grams of divalent zinc
sulfate.

The following Examples and data in Tables 1 and 2 show the paint adhesion
performance of coatings using Mil-P-53022 epoxy primer and 4130 steel test coupons.
Mil-P-53022 primers are commonly used on steel in a variety of Department of Defense
systems. It is evident from the data in the Tables that the coatings provide a substantial
increase in paint adhesion compared to the control coatings. The compositions or

solutions, though typically used at ambient conditions may be applied at elevated

temperatures to increase the reaction rate.
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and corrosion-resistant coatings for iron and its

al l oys. EXAMPLE | A stable acidic aqueous sol ution
whawsngsses pH rangi ng from about 3.4 to 4.0 forPCT/US2005/041413

pretreating steel to provide a corrosion-resistant and

a col or recogni zed coating thereonconprises, per liter

of solution, about 3. EXAMPEEA trjvalent chrom um

sul fate basic, about 4.0 grans of potassium

hexaf | uor ozi rconate and about 1.0 gram of zinc

sul fate. EXAMPLE 2 A stable acidic aqueous sol ution

fibcdst BathiaRd ExafflestBr TOP/TEP-OU 598 Cofiversion Soatitig for iron
coating thereon conprises, per liter of solution,

Alloys.a l&)%erilog cg,ﬁﬁ% \g%etgg{)f{&i tSUltBﬁ RERMUIRRES at e basi c,

assi um hexaf [ uorozi rconat e, and

om about to ans_ of .assi um
Faipas BRdF Shm ¥ BT Mot Aealalif 2 St alkaling sleaner
soI ution for treating steel to provi
(TurcoddF & bati 1dA=169SF deralft mimiesy (CAWPERS WEED @‘ﬁﬁl Ee%?déeéﬂﬂﬁ&fsed
t hereon conprises, per liter of solution, about 3.
directlyjirdorthegést solutighe Aihe shiution uunpmcfcbmeaqmgm&;sohammf aho'@ﬁ 6.0
granms of potassium hexafl uorozirconate, about 0.12
grams pédier effchpshams bulfaté bisiaidd &0 gpansaper lﬁﬂdofqust;luﬁl 0
granms of divalent zinc sulfate. The follow ng Exanpl es

hexaﬂlﬁﬁgzﬁhﬁ'te'(?c_f’apj WoupoRSHere aﬁfb%’édtth‘ﬂv&ﬂ' il thextlB EIPOP for

performance of ‘coatings using MI-P-53022 epoxy pri mer
I c
srpo eGSR RSl AR lbdafl AR RE Ry s

COUpOItl)Se {v%rnestﬁen allowed to dry in a rack at ambient conditions. The resulting coatings
were a deep royal blue in color, easily visible from across the laboratory. This is a critical
indication for quality control during processing so that the processors have a way of
telling that the coating is complete.

In addition to the TCP-P coated 4130 steel, control sets of 4130 were prepared by

cleaning (Turco HTC) in the above-identified solution. A subset of these steel panels or

" coupons were grit blasted with alumina grit media to produce an average profile of 1.0 to

1.5 mils, a standard for a direct-to-metal painting. These steel coupons were then painted
with MIL-C-53022 primer to approximately 1.0 mil thick. One sub-set of coupons was
bajnted with Aqua Zen “wash primer” before the primer. The Aqua Zen is an industry
standard coating used to promote adhesion and improve corrosion performance of the
coating system. The painted coupons sat for 14 days at ambient conditions to allow the
paint to cure. After curing, the coupons were subjected to painted adhesion and painted

corrosion tests. Table 1 describes the paint adhesion results. Ratings of 4 and 5 are

11



10

systens. It is evident fromthe data in the Tables
that the coatings provide a substantial increase in
wQaioenssauhesi on conpared to the control coati nBST/UTINE5/041413
conpositions or solutions, though typically used at
anbi ent conditions may be applied at el evated . .
considemdimasaing;rand Orto 3 are fallieg Anshowem by therfajes il PER appiing provides
Process data and Exanples for TCP/ TCP-CC as a
excell&ampair adleridnoatthe g1 F0osted] mdrether boyst thE€steelenas grit blasted. The
coatings were applied to 4130 steel as follows: Test

TCP-E&4RRR a1sBRASWE befierblSfllPep@mufidetn CbRPRHNI B tide two controls
standard al kal i ne cl eaner (Turco HTC) at 140-1600F for

ot T B S RYRROF o PO, AR 7508 TR i
S AT R RN LT e A

|iter of potassium hexafl uorozirconate, (TCP-P). A
MIL-@539%rrimer withoutshperit tlaghwhere paint pdhesien 15 vy poppwith only
approximately 10 m nutes, renoved, and then thoroughly
the primens Eg's. i thiwugh 6i (phaos)zhew.exampprsof 7vday avetitape adhesioe fr
to dry in a rack at anbient conditions. The resulting
each coftiid sys@n\Gdseribedizefabteoy.al blue in color, easily
visible fromacross the |aboratory. This is a critica
i ndication for quality control during processing so
that the processors have a way of telling that the
coating is conplete. Ingggﬁh%ion to the TCP-P coated
4130 steel, control set 30 were prepared by
cleaning (Turco HTC) in the above-identified solution.
A subset of these steel panels or coupons were grit
blasted wwth alum na grit nmedia to produce an average

COATINGIS ANDLPAING ARHESION RESULTS

Grit Blast Coating ' Paint Adhesion Results
System Dry 1-day Wet | 4-day Wet | 7-day Wet

No MIL-C-53022
primer only 4 4 0 0

No Aqua Zen
plus MIL-C-
53022 primer 5 4 3 3

No TCP-P plus
MIL-C-53022
primer 5 4 4 4

Yes MIL-C-53022
primer only 5 5 5 3

Yes Aqua Zen
plus MIL-C-
53022 primer 4 4 3 1

Yes TCP-P plus
MIL-C-53022

primer 5 5 5 4

12
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1.5 mls, a standard for a direct-to-netal painting.
These steel coupons were then painted with M L-C-53022
W@eoorossst® approximately 1.0 mi|l thick. One suPcHES2005/041413
coupons was painted with Agua Zen "wash priner" before
the prinmer. The Aqua Zen.is an_industry standard
coating used to pronot and i nprove corrosion
performance of the coating system The painted coupons
sat for 14 days at ambient conditions to allowthe
paint to cure. After curing, the coupons were
sabheedienl coatins wetesppliddas 40B0 stecl asdoidéwes corrosion
tests. Table 1 describes the paint adhesion results.

Rpld ?gl?qo%g \#Erigﬂeg&ea H9GRE SAHE gﬁﬁeﬁ% $h BamBRANOThe 3

are I ng. A hown"by the data, TCP-P coating
compriRiEER T Sh R b S BB Rl AR G bsic

coating also shows better overall performance i .
6.0 EraBpn e OSPHE heraNEome g, 98 graiih Peh itz of potassium
conmonly used on DoD equipnent. In this test, the
tetraflqu@pbeatepand 2§ gramapdsditeeet zin¢ 8plfpde.i ve to the Aqua Zen
treatment and shows excellent performance with the
MCabl€2 saBAarth thenprintvidhbsion resiakts froint thedeamatedwiospenspbidtare
adhesion is very poor with only the prinmer. Fig's. 1

compdril@ e Pesull @ Pshle 3 V¥ S6A e theQfata/ théavaiiRis fonped from

adhesion for each coating system described in Table 1.

. E I(J&%Bg@f : Wr@h’ EsWel S5t Rh
thlsj‘@r%’e?@?on C atﬂgﬁg@%gﬁfggp I'ed to 451{130 isEt eel asEﬁS%n
dh follows: Test coupons were prepared by the sane
adnesigp PLEeLs in Exanpl e A. The conposition ( TCP- CO)

solution conprised 3.0 grans per liter of chrom um
sul fate basi c,

=t

TABLE 2

PAINT ADHESION RESULTS FOR TCP-CC

Grit Blast Coating Paint Adhesion Results
System Dry | l-day Wet | 4-day Wet | 7-day Wet
No TCP-CC plus NA
MIL-C-53022
primer 5 5 4
Yes TCP-CC plus NA
MIL-C-53022
primer 5 5 5

In preparing the acidic solutions of this invention, the water soluble surfactants
can be added to the trivalent chromium solutions in amounts ranging from about 0 to 10

grams per liter and preferably about 0.5 to 1.5 grams per liter. The surfactants are added
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6.0 grams per liter of potassium hexafl uorozirconate,
0.18 grans per liter of potassiumtetrafl uoroborate,
w@eaeAsB1Yr ans per liter of zinc sulfate. Tabl BCRUS2005/041413
sets-forth the paint adhesion results fromthese
coated coupons that are conparable to the results in
to the afpisbes splution tsepecmder bettarivectiing propettiss bp dawering the pyrfage
fromthis TCP i.e. color change conposition (TCP-CC
tensiorpefeby rimstmﬁlgwetnblwscdi@&ge, arsd amoasitueiSoranfilm omtitedran alloy
TABLE 2 PAI NT ADHESI ON RESULTS FOR TCP-CC hi preparing

substratttgke "ﬁﬁ:‘ sdkacafls #dledsatQéast BhewhiRy SdlibRRompdandadl€dted from the
sol ubl e surfactants can be added to the trival ent

NG g r 0
group GHERY SF RS Vtﬂltéilogﬁcd%%?m%%?‘ﬁ@%ooa- R pEM fter
liter. The, surfactants ar edto t
knowniwswiﬁés U BB haBoRarapOLRioRE e te
Iomerl_g t he surface tension thereby |nsur|n
SOdlum:ﬁﬂfl’f?I (B QN OL R feidealexypotbiadkylencpsy hanel h%lap)tyg@éect Ton
all oy substrates. The surfactants include at |east one
propoxwidted alkplphbhal (IGERAL®), alktiadfadmidesyaliiny] splfongtes,
consi sting of non-ionic, anionic, and cationic
palmitibIkhAélantides (C&N’EROL@)PGC@I@M@H pbl}@ﬂi@x}ﬂ@ﬂﬁhoB(M'DDN@)
surfact ants [ ncI ude the rmnocar boxyl i m doazoli ne,

sorbttaﬁI r% Sﬁp St a?pehe gl Ed1eeY (&

oxy e ’hano ed Or propoxy at ed

TERG@{W%@Ef lén?‘?d et b gt%%%@é‘a@%%@&ﬁ*@%%%&
sulfonq%%%%r%@@ %%AM%)QOQ‘%%@# %ﬂ?‘éﬁg\' &rfgc)té.ntss 1(1)1rc£)1|d'é fie

Yethyleneglycol et her (e
alkylpheno alkoxylates, preferably the nonylphenol ethoxylates, and adducts of ethylene

oxide with fatty amines; also see the publication: “Surfactants and Detersive Systems”,
published by John Wiley & Sops in Kirk-Othmer's Encyclopedia of Chemical
Technology, 3™ Ed.

When large surfaces do not permit immersion or where vertical surfaces are to be
sprayed, thickening agents can be added to retain the aqueous solution on the surface for
sufficient contact time. The thickeners employed are known inorganic and preferably the
organic water soluble thickeners added to the trivalent chromium solutions in effective
emounts e.g. at sufficient concentrations ranging from about 0 to 10 grams per liter and
preferably 0.5 to 1.5 grams per liter of the acidic solution. Specific examples of some
preferred thickeners include the cellulose compounds, e.g. hydroxypropyl cellulose (e.g.
Klucel), ethyl cellulose, hydroxyethyl cellulose, hydroxymethyl cellulose, or methyl

cellulose and mixtures thereof. Other water soluble inorganic thickeners include colloidal
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TERA TRCOL(r)), alkyl pyrrolidone, polyal koxyl at ed
fatty acid esters, al kyl benzene sul f onates and
wWOorRoob1088s$8 t her eof . Ot her known wat er sol ubl e PCT/US2005/041413
surfactants include the al kyl phenol al koxyl ates,
. preferably the nonyl phenol g%‘%hoxyl ateg, and adducts of
silica, elays suchas bentgnitestarchies: gym arpPife Haganagt, agar apg yarious
publication: "Surfactants and Detersive Systens",
combigatiohsshed by John Wley & Sops in Kirk-Qhner's
Encycl opedi a of Chem cal Technol ogy, 3rd Ed. \Wen
| Afteiep1S & irdf alloy suEickité bé ovated viarcoaventionaletechniques,
vertical surfaces are to be sprayed, thickening agents
the SOIQﬁ&? Pt ﬁéjzgili)f fhed Q%ar BlAtRionN SHrAPbieRipe-GPlebhniQiksO The TP

rface sufficient contdct tinme. The thickeners

. enpl oyed a Lhoraani I
solutioff B 6 o8] 8 OB pABEARNL Cn0theTETOTSTE of pigher and
. trivalent, chromi,um sl ytions in effective anounts e.g.

optimally apglird Hip dRMEEHRE b I ET BRROVE HBISRFOFIoBRINAE B %

10 grans £er liter and preferably 0.5 to 1.5 grans per
coatings. t slutiin dwiell G garges drom byt 1 4p 60 immeteémﬁwr%grab%y to 15

sonme preferred thickeners include the cellul ose
minutes @ pboin @9°F. eAfjer dwellingythe opydining|solitivads then thorehghde ripsed

et hyl cellul ose, hydroxyethyl cellul ose, hydroxynethyl

from tRESUbYIreE SvittOtap GE HEhiz6€ Watdr OB aiditidtiak thengisal toharipdétions of
O her water sol uble inorganic thickeners include

the delgo%ktle&’ iGfal sieldeCsary!f8Y %(CEHEIR Ip@&oﬁﬁﬁ{c%_.n iHRvevet, %%B?ﬁoation of
um arabi ¢, tragacanth, agar and various conbi nati ons.
After. prepar.i ng the, | L] rface ]
o seor s SRR P Py Y QU e SR, The
..applied, via imrersion, spra r wi pe-on techni ques
additiopgbeoptasiadiesie RBTEIS GRFUBE 6 bp due toe&&fa%%mpé’?rb YAElTEs
ranging up to 65C or higher and | )
chromium in the film derived from the trivalent chromium. The aqueous solutions may

[£]

be sprayed from a spray tank apparatus designed to replace immersion tanks. This
concept also reduces active chemical volume from about 1,000 gallons to about 30 to 50
gallons. Another feature of this invention is that this process provides coatings with
corrosion resistance that is better or at least equivalent to other known coatings produced
by sulfuric, chromic, or boric-sulfuric compositions.

While this invention has been described by a number of specific examples, it is
obvious that there are other variations and modifications which can be made without
departing from the spirit and scope of the invention as particularly set forth in the

appended claims.
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optimally applied via imrersion to further inprove the
corrosion resistance of the coatings. Solution dwell
wao ove/0ssamgyes from about 1 to 60 m nutes, and prPEerf/EsBbH/§41413
5to 15 mnutes at about 8Q0F. After dwelling, the
reg&ining aolution is then thoroughly rinsed fromthe
THE C p or deionized water. No additiona
chem cal mani pul ations of the deposited filns are .
1. rRsoesss faryprepanngzirsbniam-chiemiyn eanvarsiopsoiiags ondppn and iron
application of a strong oxidizing solution can yield a
alloys fd infprévathe gosdsibh resisadnce and adfiesiverbenidsgatrergth Wiech
additional corrosion resistance is presuned to be due
comprises #rE#inf O irdRtanARronlallo9X AMA 2R Atided ddUEL R dr teaving ApH
derived fromthe trivalent chrom um The aqueous

rangin% Blot} ib%g?%."s’% 08 S RYA ail{eB{E %&ﬁ@é@&%@ ﬁ%ﬁﬁ?& BE

esi gne 0 repl’ace 1 mrerSion ept al so
. reduces act i em cal. vol u from.about 1.000
solutioga b Gbovc) Rb i 2 SHTR P80 THATS ST B e opad ot g1 to
this invention is that this process provi des coati ngs
12 gramys oh a bexatloremrcopale sabant @ 0 ey i@ graé%%f %ti?%b?n ufrfe%@gpound
equi val ent to other known coatings produced by )
selectedfrdm thegroum consisting of téiafluorobarate; hezailuonpmili¢ate apdmixtures
While this invention has been described by a nunber of
thereof B dboat ©0a6a110agamé bf hidebuhodivaleharint henpowid fronh@.0 to
vari ations and nodifications which can be made w t hout

about I8 PR 0Pt feh&MBrePatdiohible BitdkeS&RA fBém DIMEoiabBENto %gms of

as particularly set forth in the appended clains. T

at leas! J)\A/eﬁmo Milpactan Pr OCESS for preparing
zirconi um chrom um conversi on coatings on iron and
iron alloys to inprove the corrosion resistance and
adhesi ve bondi ng strength which

2. The process of Claim 1 wherein the pH of the aqueous solution ranges from about

3.7 to 4.0 and the iron alloy is steel.

3. The process of Claim 1 wherein the trivalent chromium is a water soluble
compound ranging from about 0.01 to 10 grams, the hexafluorozirconate is a water
soluble compound ranging from about 0.01 to 8.0 grams, and the fluorocompounds are

water soluble compounds ranging from about 0.01 to 1.2 grams.

4. The process of Claim 3 wherein the thickener ranges from about 0.5 to 1.5 grams

and the surfactant ranges from about 0.5 to 1.5 grams.
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5.

conprises treating iron and iron alloys with an acidic
aqueous solution having a pH ranging fromabout 2.5 to

wW®2®p/0888181 aci di ¢ aqueous sol ution conpri si ng, PEEDS2005/041413
liter of solution, fromabout 0.01 to 22 grans of a
trival ent chrom um conpound, about 0.01 to 12 grans(Pf
Prhessa fon preparingcacapism-glyomium conyessien corigs Ff Irgp and iron
| east one fluoroconpound sel ected fromthe group

alloys todRprevd cwrasiort esistahtamdosbesive bording hichrapsiprisea treating

and m xtures thereof, fromabout 0.0 to 10 granms of at

iron and§#sH allg)?'ﬁ vltval fidic agious esRELMHavihg @ E}-gnaﬁgﬁlg fedio about G.7

gr ans at | east one water soluble t kener and from

to 4.0; %id tcﬂltl@%@kgo?g' Qorlﬁfi@ﬂ]'@orﬁ nﬁﬁ%lfpﬁgﬁfer BRSINESE Fror? hbkilt©.01 to

surfacta e process aim 1l wherein the pH

-

f the, 0l ut i f ; ,
10 e gt AR vapr 1o SpeB0 Vi SR RRU bl Bk 1 |

wherein the trivalent_ chromumis a vwater sol uble

hexafleasapisaanate: abept 9l lftedmd grmsiof @t lsgstione ogchmp’oupﬂ Selected

hexafl uorozirconate is a water sol uble conpound

from tlresgrgiip gotsistingaifalitalioneral tetraBu@obprates, alkalimetad

fl uoroconpounds are water sol ubl e conpounds ranging

hexaflidrositiediesandmddtuies tHerébfpfraeabodt 0.00letoplbgrasss odfat Ehstione

3 wherein the thickener ranges fromabout 0.5 to 1.5

divaledZA8Bcdsburae ok d.§.65 MWut 1| 3NGaSs bf ATeaROHE watd? sbble. 5

granms.5.” Process for preparing zirconiumchrom um

thicke%eg 48 53000 593 .aai).{)ﬁ]tgls.’S &&ﬂé’% a6k dre %tﬂj_ ér?gﬁv\?] F%ﬁic%ﬁ.ov e

rrosion resistance®an esli ve bon
conprises treating iron and iron alloys with an acidic
aqueous sol ution having a pH ranging fromabout 3.7 to
sai d aci di c_aqueous sol utjon conprising, per

6. ﬁTIS%prOWSS% IClaipnd )Nhﬁfe@?ﬁham allyy @sisteqd-

7. The process of Claim 6 wherein the thickener is a cellulose compound.

8. The process of Claim 7 wherein the chromium salt is trivalent chromium sulfate.
9. The process of Claim 8 wherein the alkali metal zirconate is potassium
hexafluorozirconate.

10.  The process of Claim 5 wherein the trivaleﬁt chromium salt ranges from about 5.0

to 7.0 grams, the hexafluorozirconate ranges from about 0.01 to 8.0 grams, and the

tetrafluoroborate ranges from about 0.12 to 0.24 grams.
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10 grans of a trivalent chromumsalt, about 0.01 to
8.0 grans of an alkali netal hexafl uorozirconate,
wW@bwansB3191 to 1.2 grans of at | east one fi uorPCDOOROFIOH1413
selected fromthe group consisting of alkali netal
tetrafl uoroborates, alkali nmetal hexafluorosilicate
11.  afibe piogessraf € laime f @ Biherein e thikener & owater solublegligrhgelplose
at | east one divalent zinc conpound, fromO0.5 to about
compound. grans of at | east one water sol uble thickener and
fromO0.5 to about 1.5 grans of at |east one water
sol ubl e surfactant. 6. The process of Claim5 wherein
the iron alloy is steel. 7. The process of Claim®6
8. The
12, DHE Blobelst GIEE £ OHerdil 1R AR CoRRAATE T B
tr| val ent chrom um sul fate. 9. The process of Caima8
wherein the alkali netal zirconate is potassium
hexaf | uorozj rconate. 1Q. The process of ,d ai )
13.  wikbe prasessef Glamy 3] avherein ths ?@@%@W&%ﬁ%‘ﬂfm
5.0 to 7.0 grans, the hexafl uorozi rconate ranges from
and theldivalend zGw compenad i zinssulfated t he tetrafl uoroborate
ranges from about 0.12 to 0.24 grans.1l1l. The process
of Caim10 wherein the thickener is a water soluble
al kyI cel |l ul ose conpound. 12. The process of Caim11l

14. gforéeésrtff AL 15 WHRHR thel stirfAtiRSt i9 S6lbake frodbthe BAsup
process of Claim 11 wherein the chromumsalt is

cons1s‘rtmg_\é§l kv%ggr sglﬁﬁ%rﬂoﬂmoﬁwa%ﬁ{)ﬁi %Hﬁi ﬁ:{%tlxj@mg ket 21 NC

e process ?‘ Claim13
wherein the surfactant is selected fromthe group

15. The process of Claim 14 wherein the zinc sulfate is present in the aqueous

solution in an amount ranging from about 0.001 to 10 grams.

16.  The process of Claim 15 wherein the zinc compound is a divalent zinc sulfate

ranging from about 0.1 to 5.0 grams.

17.  The process of Claim 5 wherein the chromium salt is trivalent chromium sulfate
present in the aqueous solution in an amount ranging from 5.0 to 7.0 grams, and the
mixture of the alkali metal tetrafluoroborates and hexafluorosilicates are present in the

aqueous solution in an amount ranging from about 0.5 to 1.5 grams.

18.  The process of Claim 17 wherein the zinc compound is divalent zinc sulfate

present in the aqueous solution in an amount ranging from about 0.001 to 10 grams.
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19.

20.

consi sting of water soluble non-ionic, anionic and
cationic surfactants. 15. The process of Caim 14

wob@ees8318 he zinc sulfate is present in the agReDUS2005/041413

solution in an amount ranging from about 0.001 to 10
granms. 16. The process of Caim_15 wherein the zinc
congediiraniatloys efitained hy the precessof YldmrZangi ng fr om about
0.1 to 5.0 grans. 17. The process of Caimb5 wherein
the chromumsalt is trivalent chromumsulfate
present in the aqueous solution in an anmount rangi ng
f CoMe®iBntalloys Sbtainad by titotdss of Cidimrée of the al kal i
nmetal tetrafluoroborates and hexafl uorosilicates are
present in the aqueous solution in an anmount rangi ng
fromabout 0.5 to 1.5 grans. 18. The process of O aim
17 wherein the zinc conpound is divalent zinc sulfate
present in the aqueous solution in an anmount ranging
fromabout 0.001 to 10 grans.19. Coated iron all oys
obt ai ned by the process of Claim2. 20. Coated iron

al | oys obtained by the process of C aimb6.
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