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COVPOSH TI.ON AN 9y§ﬂMpD FOR TREATMENT OF CONVERSPCRGBIXDEI3
METAL SURFA This invention relates to the treatnent of netal

5 surfaces prior to a finishing operation, such as the application

of a(5| ccative orgam C coati ng (al so known as 3 an "organic coating",
"organic finish", or sinply, "paint") Specifically, this invention

relates to the tre‘at ment of ¢co TONS IAND METEOD FRIFITREATIMENT aqueous

sol ution conprised 10 of a select L Qgan 'Jmmd G oup | VA
net al i on, namly'titanimmc & L i th

other Goup IVA netal ion. Treatnent of conversi on coated netal with

such a sol ution i”p“"’ gé" Y AU 80  os t&oﬁ:ﬁs'@eéﬁ%ﬁ 23¢° ndtal

- The primary purposes of pl yi'ng si ccatlve coat
substrates (e & , suxfaces| Priqrm tei ne aﬁ:dmsh@nq operations) such as the

pr ot ectlon of the ﬁﬂcéﬁ C@ffaogieeaewéoargamcaadaéfﬁ aggi86tkfown as

reasons. is wel nown owever,, “ gani ¢ cqatl ngs, adher re
poor |y to rret al s i anttppganis °°ﬁ§r‘-ﬁﬂl Sppganic fl%Sh qe§ipply, "paint")

corrosion-resi Sta@ﬁecxfz.c&i\gfﬁCtBisS‘&.hQ'&nﬁﬁ.oth'eﬂJa@é%t itee At trgatiient of
substantially dimn edure in_ the

- gy ta " rena 8¥1 a8 sgi ﬁ sed
metal finishing ?%W?Pntﬁoagﬁ%]%‘ﬁ an aguey Br2PP SRt
process wheray a nﬁmesslecﬂ:e@ad:rggnosﬂmeredndSa sehected nGrolp SIVA anetal

Thi's conversion Cof‘&# ngnéﬁ&?% aE%Eanl PHAFRG Y © drfdd Gt Bl Nhdo NG ELn

of the degradation nefal’, ow ndg to the conversron coatl ng
bei ng | ess soPther Group Joth RatAL den.r oFreatmentnofsconveraien neeated

The conver si on Co%éﬁﬂl' ﬁ:.%hsostﬁ?tf egt 's‘&ixﬂo%eri’rwﬁo@és apﬁ@nt raQﬁie@x%lH and
for a subsequent siccative g¢oating. conver si on coatlng has a

greater surface areRFIPSIPRFEISIFRANCE. base metal and thus provides for a
greater nunbers of mqumrzy parpbsiest b€ app by hd isicdatiivecBoatiéngs to

CAbREAN: I AT TN U RO R
coatings, zinc phoshleys) caxe ipnptechibr ofoiiec metal surface from corrosion
and for aesthetic reasons. It is well-known, however, that

many organic coatings adhere poorly to metals in their

20 normal state. As a result, corrosion-resistance
characteristics of the siccative coating are substantially
diminished. It is therefore a typical procedure in the
metal finishing . 1ndustry to subject metals to a
pretreatment process whereby a conversion coating is formed

25 on the metal surface. This conversion coating acts as a
protective layer, slowing the onset of the degradation of

the base metal, owing to the conversion coating being less
soluble in a corrosive environment than is the base metal.

The conversion coating is also effective by serving as a

30 recipient for a subsequent siccative coating. The
conversion coating has a greater surface area than does the

base metal and thus provides for a greater number of
adhesion sites for the interaction between the conversion
coating and the organic finish. Typical examples of such

35 conversion coatings include, but are not limited to, iron
phosphate coatings, zinc phosphate coatings, and chromate
conversion coatings. These conversion coatings and others



oonver5| on coatings. These conver5| on coatings and others
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wel | -known in the art and will not' be described in any further detail.
Normal Iy, the application of an organic finish to a conver si on- coat ed
metal surface is not sufficient to 5 provizle the hi ghest |evels of paint (
adhesi on and corrosion resi stance. Painted nmetal surfaces are able to
reach maxi muarpewé bl Aemown | By dile \dmwidewdd.dvami be- describedt th any

surface is treate %f {,' | rinse", also referred to" in the art
as a " post-rl nse"‘d'g stea A??nse" r| or to 10 the painting operation.

Final rinses are typi cHprpakliyieote aPPl$©§‘m-PBn§fc@m Sngangdorfjaish ko a

i norgani ¢ entiti eéoﬂe&ﬂﬂsﬂ-coateao ﬁéﬁHPV%tﬂéf'dHe a(i&es hB'E agdff%ieﬁtonto
resi stance. The pur pose O an final rirnse, ,reg ard

conposition, 5 PFQVPSEfB‘F?nI& Tehepals PﬁePG&HFePQPSﬁ’-EBa?P‘ch?W%’Fb@P
to 15 nmaxim ze Easmktaﬂbew onpamlt@@r fr@tadn s@ﬁfs&a@cereTmmeayco readle

lished by alt | ect | st
Conver s on- coat e ERHEER RETSFRATR LERGLE wgh Fre SonyersibiSgeated petal
acconpl i shed by fsurrfageamactreaeduwmh a "ﬁ\i:nah pingeth; salseareferred to
medi um from reachi9shleaFe! g 20 npoBiChagger He daled Eidd Mhibe to

rinses in general e aqueous sol ut1 ons con ni rom-c

aci d, pb@t i ath9 waéw p@eréﬁéen-a Einad ihsesprestypicaily aqueous

conbi nati on of heéaxatfahs amiaﬁarmiaigeai:gahierwrﬂnoﬁgﬁm entlthagase@igﬁéus
type have | ong been known to

5 Sh rﬁ%heSt Jevels Osﬂ:(ipal nt
adhesi on and corr 58i 3APFR¥EPAARE 2 es"@ﬁra FEAEHON RESHFRANGS s cthe
however, have a spurpuse of amyr eﬁlmdkrdnset,orb&;ardlesbeoenitso:mmms':.’amh

hazar dous AT o £ oliF3°HRPER DR Ufe CHEANUTEP WA sl BBhor €

rinses |ess desirableée froma pra standp0| consrders
such issues ¥ sahaximhzeipaini adhesion andreprresion resistangesnt This may

probl ems associ at gd %Egméﬂﬁsﬂéécﬂgr Qit@i:‘lng th%u‘éleiﬁ:l rf%%ﬁddlt &Gtate of
muni ci pal water streans It een a goal of the industry to
find chrom um frethe convers:.on-coated substrate "by rendering it “more
passive or it may be accomplished by forming a barrier film
which prevents a corrosive medium from reaching the metal
20 surface. The most effective final rinses in general use
today are aqueous solutions containing chromic acid,
partially reduced to render a solution compriséd of a
combination of hexavalent and trivalent chromium. Final
rinses of this type have long been known to provide the
25 highest levels of paint adhesion and corrosion resistance.
Chromium-containing final rinses, however, have a serious
drawback due to their inherent toxicity and hazardous
nature. These concerns make chromium-containing £final
rinses less desirable from a practical standpoint, when one
30 considers such issues as safe handling of chemicals and the
environmental problems associated with the discharge of
such solutions into municipal water streams. Thus, it has
been a goal of the industry to find chromium-free
alternatives which are less toxic and more environmentally
35 benign than chromium-containing final rinses. It has also
been desirous to develop chromium-free final rinses which
are as effective as chromium-containing final rinses in



al ternati ves which.are |ess toxic and more environnental | y 35 beni gn ‘'t han

- chromiumcontaining final rinses. 1t has al so been desi rp¢gfcBos02805
devel op chr oY ®e final rinses which are as effective as
chromumcontaining final rinses in WD 96/ 17109 _

PCT/ &B95/ 02805 3 terms of paint
adhesion and corrosion resistance proparties. Much wor k
has al ready been dgne in t a f m fre ' in .

of these have util g?Eﬂs 5 °hteei i:,ﬁgp% @%%SCIKIPVAH%C he‘?ﬁ’é’%é‘%{oﬁor §§§;1s§8ﬂ‘ée
or ganosi | anes. profent3es9s, 942 descri bes a nethod of treating
conver si on- coat ed net al yhhh q S {,0 t & JHAT 5 ol e

zi rconi um conpounds. ,USE_(%: , 6 ’gzg gesg??%ggya%ém ?rieﬁé(;dlgf ??éeata:ilr_lgi?_ of
phosphat ed netal sohromiumgfrpesfingl xdnsess niSamg L5fthasel havauptilized
zirconi um conpsex edfher QST unakiaonal chéd nd i r CeRgdiibsilanes.

oxyhal ide. The trea al could he optionally rinsed wth .
dei oni zed wat gﬁ'ﬁ??ogsgogggi nt iq%g"‘.crl . A 4?457,"?%(56'°§Zscr es Lreating
treat nent conposit converslion~cgatedanetal wthcani agueouls Solutdfon containing
aqueous sol utions h Qi | r .t I N yre_a_b € h o]

carbon atons. US- A-gﬁ,ﬂég%,gogg't%g?églﬁb:cs?\%’omnqgnettﬂ%da f%fggéé%%é ngh;c}.fbés a
phosphat ed netal suetheds @ft ltreating gphosphatedi uretad| sswcfades Wik ean

et al Surface}&an aqueofiB! | f{Rtde Pof | B3C0a Nuhin¥i! & i PebRiwh O dddplex, an
application of 20 a siccatiye organi c coating. US- A- 4,497, 666 detail s a

Y .
process for treati AEIRRBEPRSELANAL A19aRG AN § fArconiuly, qxyhfjdde. The
lCJgntA agniogg B g ilvgl e‘ai-ggtédn'mwf_ lcb&m__ 1 NBeaoptliohally Pirnsed . with deionized
- A- 5, : escribes a finpal_rinse_¢cQnpositi si .an
aqueous  sol uti onwakgsnt%fﬁ?ﬁg to 3}_’3251%1%%;11 nopropsT} ﬁ%ﬂ%%,s#e%ﬁ&l}ﬁé a?
titani umchel ate. treatient compdxlildi®it vtitizimg otddaniumnezireonium and
conmbi nation wth a . ' I\ ' b sqhe
fo " opl ah" o hafniuh 1A UdBls SoNGRIGHE COBLALALAG SOV ithPcliaed
t he above exanpl eslengtht fxamndrito eidarbaneatomnsed YS-2-dI, 456 @9%70dpapgrabes

pai nt adhesi on and,Copd@®b@N £cIS| Tr@d¢dng phosphated metal surfaces with
organic titanium chelates. The treated metal surface can
optionally be rinsed with water prior to the application of

20 a siccative organic coating. US-A-4,497,666 details a
process for treating phosphated metal surfaces with
solutions containing trivalent titanium and having a pH of

2 to 7. US-A-5,053,081 describes a final rinse composition
comprising an aqueous solution containing 3-

25 aminopropyltriethoxysilane and a titanium chelate. In EP-
A-0153973 reactive organosilanes in combination with a
titanium or =zirconium-containing component are used to
replace a chromate rinse after conversion coating. In all

of the above examples, the treatment method described

30 claimed to improve paint adhesion and corrosion resistance.
The levels of paint adhesion and corrosion resistance

afforded by the treatment solutions in the above examples

do not reach the levels desired by the metal finishing
industry, namely the performance characteristics of

35 chromium-containing final rinses. I have found that
aqueous solutions containing selected organosilane
compounds and Group IVA metal ions, namely, zirconium,



The | evel s of pai nt . adhesi on and corrosion resistance af forded by the

treat nent sow;&?ﬁigi n the above exanpl.es do not .reach t HRCYGRIS00S
desired by 'the netal finishing i ndustry, nanely the performance
characteristics of 35 chromumcontaining final rinses. | have found
t hat aqueous sol utions containing selgected or ganosi | ane

conpounds and Goup | VA netal ions, nanely, zirconium
PCT/ GB95/ 02805 WD 9fifafik®, hafnium, and mixtures thereof, 4provide paint

titanium hafnium_gnd i xtures.there Vi | 4} 1 ANGs
corrosion resi st¥ME*Thar aaiﬁari S Ctgsds%rgrp c%ee%raéa{:lr#ng% 0 tﬁose‘ ATt Al n_e(cjf
wi th chroni um conteimpanpakiie s those dtkasined withpchrophym-cengaining fdnal

performance of %iné;ég".verSi onpgoat gdny Nehdks, SkhkaCeperformddcrd of
with . organosilane-Goup I VA netal 1Ton solutions in accel erated

corrosi on tests exeRXRrIIRR-cAatSshver AWk oat SPTTACHS treatad.y \Wifh
chrom um cont ai ni NG-FeiodiXiife-Group IVA ndtdl ivh dyRiiics tin cdelerated
to provide a nmethod 10 .and 1gon;gosition_ of @{1 aqUﬁous rinse whi chtvvi |1 etal
i npart an | MTRFRE YR FeBFS paXTReAFh SNt B d OBV RS SR FRaEEH, IS
on pai nted, converigtextexbatidth raitxiniunreatgiosing selutions. conpri sed of
an aqueous solution co Pl Cheleniea 3 N rlelan I

G oup | VA netal ion, naqnéll;/y, _%&%baﬁhﬁa%?uﬁ]hlﬁa%ﬁ?gﬁ]‘egggd?‘%?&tqre‘ge.t é‘?\eeo_
with other gddup and gappogition Rf ARJ2GRBOREFiRsfcWRiSh Wild: iMPAES AR

and .COr I 0S| 0N Sl B NGO A i it MY FOIC AR bridtSidn resistance
provi ded by chrom um cog{lglegl ng final ,rinses. f
f

t is a further .
obj ect of the invetiBR oFPa¥ersign-gopksd d’fﬁfqli‘ns'tb%oﬁﬁﬁ‘gf’ﬁ‘ A%%hi%h
contai ns no chronicoiprised of An i aghesspesolativne containinyg i aclselected
rinse sol ution_ for e t eLSLAR- t t gl
substrates for i rrp‘?zaﬁ'hogé ’{hﬁaéi %a%%d;?%nsgﬁﬁgg%ér(rég#gﬁ 193 %(riggl& sti Shce OF° ely,
si ccative cods ngstitemigm sihafriumguand smigtusesutheneof withogfheyA graun

ion selected fromyiyd 3l ion, AA4NpHEVEREsMLEVENES oeNPalth aHésA®n and
organosil ane selected | fromnethyltrinet hoxg5| | ane, .
phenyl t ri met-hoxysiFUHROSkgR resistance comparable to or exceeding those
provided by chromium-containing final rinses.
It is a further object of the invention to provide a

20 method and rinse composition which contains no chromium.

A first aspect of the invention includes a rinse
solution for the treatment of conversion-coated metal
substrates for improving the adhesion and corrosion
resistance of siccative coatings, comprising an aqueous

25 solution of a Group IVA metal ion selected from titaniunm,
hafnium and mixtures thereof, and an organosilane selected
from methyltrimethoxysilane, phenyltrimethoxysilane, and
mixtures thereof, with the Group IVA metal ion
concentration selected to provide a pH in the range of

30 about 2.0 to about 9.0. '

A second aspect of the invention provides a rinse
solution for the treatment of conversion-coated metal
substrate comprising an agqueous solution containing a Group

~ IVA metal ion including hafnium and an organosilane
as selectéd from methyltrimethoxysilane,
phenyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane

and mixtures thereof, with the Group IVA metal ion



m xtures thereof,. with the Goup [IVA netal ion concentration
selected to row? a pHin the range of .30 about 2.0 te aboyict9ckbs/i02805
A second dsp 9t 964 1(-%I’l"’he i nvention provides a rinse solution for the
tr eat nent of conver si on-coat ed net al substrate conprising an aqueous
sol ugion containing a G oup | VA nmetal ion including hafniumand an
organosi | ane 35 sel ected from met hyl t r Fnet hoxysi | ane,

h | h |
Phersor it hY hgohiipytatih SfUREaRd rﬂ*@’m&‘ P98 e e BRI
96/ 17109 - about 2.0 to about 9.0. concentration sel ected

to provide a pH in thephanggvehtiéRMB1so 1rﬁ§1‘ﬂaesza0mE€h350§6r9t&athg such
The invention al so includes,a nethod for treating such rx_ﬁ?grl,@as bX:Gn

appl ying the ri nsW&ﬁlﬁnbﬁ’oa?ﬂéyéﬂﬁsﬂ‘%t"ems% Solutl%et‘?
of -the firsg aspectrge tbgtnse sbIuEidbhONofSs ﬂmeaqm@eus Hdpécton of the

raney it anPURREAS A, S8 PHSAH cBOLRE: BB oY a8 BaiEEea
m xtures wth ot hergé@nosilada neimpoumhsandclGramg i TVAI metba tan, alrmamely,
used. It is integgg gnﬁ.m]‘hﬁg?né.hn%?eaﬁallﬁiﬁﬁ’res thdfeSPP! 1 ffl Hdin asr?ectsél

conver si on- coat ed onverS|on coati ng

substrates is wel mixtyxes withypther Group-I¥A metadhiops sach |af titgnium
gener a: 1}3 hi g0 t caPr aqeas %ob,s usay?! IT?]:tds.s,tc rih:&aad@a %h&@%?f‘es :ﬁm 'Solétion
severa pretreat nent ,Sta e actual n S es s

typical |y dependeRf GRPLi&d q’r?alc%‘éexfﬁlq’h@ ?‘F{Tb %{'al e formakion Afe
nunber of pretreatcoRversiops mﬁﬁhd;s \uif | metal sabstbatesf risn twal li-knowne

Five-siage operat FORNID SerRetnb Airdento AFRHERYL )05 SEnptyR . Bhat

through a cl panf:ng,SSLagasuaalhmmsan as aPreFess remuiying sevgral
a water Tl “sta“dgéei:i-gﬁltg&h . Moghhbi catd trf?nnber: bBe stages is
pretreat ment procéss can cording to specific

typically dependent on the f:mal use of the painted metal
article. The number of pretreatment steps normally varies
anywhere from two to nine stages. A representative example
of a pretreatment process involves a five-stage operation

20 where the metal to be ultimately painted goes through a
cleaning stage, a water rinse, a conversion ceet_ing stage,
a water rinse and a final rinse stage. Modifications to
the pretreatment process can be made according to specific
needs. As an example, surfactants can be incorporated into

25 some conversion coating baths so that cleaning and the
formation of the conversion coating can be achieved
simultaneously. In other cases it may be necessary to
increase the number of pretreatment stages so as to
accommodate more pretreatment steps.

30 Examples of the types of conversion coatings that can
be formed on metal substrates are iron phosphates and zinc
phosphates including mixed phosphates based on iron and/or
zinc with other metal ions. Iron phosphating is usually
accomplished in no more than five pretreatment stages,

35 while zinc phosphating usually requires a minimum of six
pretreatment stages. The number of rinse stages between
the actual pretreatment steps can be adjusted to insure



needs. As an exanpl.-e, surfactants can be incorporated into 25 sone

conver si on g@g#hgg aths so that cleaning and the f or mat POTVGBPSAZAES
conversion c can be achi eved simul taneously. In other cases it
may be necessary to i ncrease the nunber of pretreatnent stages so as

to accommodat e nore pretreatnent steps. 30 Exanpl es of the types!
of conversion coatings that can be formed on netal substrates are iron

phosphat es and zi Reae hﬁge% letd NEhdl ¥e8e8B26RNANAS SPSERaPNthe
i ron and/ or Zl nc WI t h other | ons. lron hosP%atl i s .usual l

acconpl i shed in n&hﬁBF@atlhBﬁ'eFF?étE‘Fé‘Fr LEPReRResFEARe ﬁré"zﬁdnen the
phosphati ng usual jetagqusuefageni tonisubseguent staged, cdtherebyst pgesiblire

nunber of rinse sta &3 beta %3 them.t h(_a.l_tag_t u@nﬁr Shr ¢at %%e%ts%pﬁgaﬂugﬁer

adjusted to i nsur &
PCT/ GB955/ 02865 WOfoa/irise)stages when the metal parts to be tpeated hamgt

rinsing is conpl efq,and 1efd&dd i &81dosO & tﬂ?at areC B GR}1It for the

pretreatment fromaone stage is not carried on the metal surface to
subsequent st ages Finger eXo&e geptact. contaninating them It is typical

to increase the nunber 'mé Omgthtee SdfJesppldatien Tebsl I&ﬁbtspfretb&atment
treated have unus geone r| eiEﬁﬁEareas that.are difficult

rinse water to cofPEER Ton 820 t AR ATREERHIR O i FPERY: ﬁgeraguon.
pretreat mant 10 Inp dmamersiona operations, dhel metadi artdclasspray submersed

operati on. I tnrgﬂfé ?P;b&? SB%:E‘E % i %é%&f'&éﬁfﬁ&f&h@@ﬁﬁ%

in the VaI’IOUS pre or |ne Interv ore novi ng

on to the next pré’lelf@a'lenﬂﬁ'ﬂlggaeé' ta $Peapext prefreatment stage-wnhlr EPTRE

pretreatment sol UgpaRatdda is ddeﬂsﬁﬁeﬁée #id Cpratedabitef®anso Nit forid! MAnd
through risers 15 ', fashioned wt y. nozzles. _The netal l@mtlc es, tgﬁge

treated normal |y PrBSESd aus o‘EPg‘FF‘E%‘E) cPY BERBS: ofp PVRR throug
of a contimgous faghdvnedr withVisprey | gozsles. The aigtedl n@rtiglesetsebe

can e o120 | St 3Rhe  Wecneq R BIERSA U S biSRREbEC

article. It is by means of a continuous conveyor. Virtually all
pretreatment processes can be modified to run in spray mode
or immersion mode, and the choice is usually made based on

20 the final requirements of the painted metal article. It is

to be understood that the invention described here can be
applied to any conversion~coated metal surface and can be
applied either as a spray process or an immersion process.

The rinse solution of the invention is comprised of an

25 aqueous solution of a selected organosilane and Group IVA
metal ion. Specifically, the rinse solution is an aqueous
solution containing titanium, or hafnium ions, and mixtures
thereof, whose source can be hexafluorotitanic acid;
hafnium oxychloride and mixtures thereof; and the

30 organosilane(s) -

One specific titanium source, polyfunctional organic
titanates (significant examples include the reaction
products of tetralkyltitanates with a beta-diketone and an
alkanolamine), has been shown to perform poorly when

35 combined with organofunctional silanes for use in final
rinse solutions and is therefore preferably not included.
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to be understood:that: the invention described here can be applied to
any_conversipngﬁgg%ﬁﬂmyetal surface and can be appl i ed eithEﬁﬂﬁgﬁﬂnmﬁ
spray_process I'mMrer si on process. = The rinse solution of the
invention is conprised of an 25 aqueous solution of a selected
organogil ane and G oup | VA metal ion. Specifically, the rinse solution
I S an aqueous solution containing titanium or hafniumions, and

m xtures thereof , Wigsg& Qihcraam Qe Bexal iHe1abaanhctRsi dolution, the
haf ni um oxychl ori de and m xtures_  thereof; ,an he 30hg)r‘g§203| | ape

t D t S).- .
ne specific titani FRYKRR c@a¥poP§t urkdT orBFTBPGENI ¢ P?Fﬁﬁéfggg’lc acid,
(significant exanpl esidgunie t basieactsulfate, pedgoohiumf hydroxychloride,
tetralkyltitanates with a beta-di.ketone and an. .al k ' .
been shown to perf oy Fo8 SR %ﬁ‘%ﬂ‘%@ar oo _*hé&r\ﬁoﬂ"n‘% gggéﬁ%g?f&%ha%}ﬁ%onlm

silanes for uses n ficettate, ziricopdumofluomide ardriconimer bydroxpde; s iaganium

ggfl_/ '(3285782305 W0 ofFEPARpifate,  zirconium oxide,  zirconium potassium
Wiere zirconiumis sarPonaterded in the solution, the source may be,

for instance, hexafluoropid cohde a6bTution igi prepara BYPSwakitd fa Gagqueous
zirconium hydroxychl ori.de, I um basi ¢ car bonati, i',)Z| rconi um
c

zj rcon
oxychl oride, " zi r coniSfIEOR SoRtRINAngG: FreRRoLVAcmetR L LaR unFRGR Pa T dhe
Zi rgoni um 1t hqsyrldﬁtt_!he rasultiingnsolutdon isziinﬁcﬂﬂelk_rﬁanqmtcasszlhmt 2.0
car bonat e. I NS 0] n par ILn n.,agueo .
sol ution contai ni ng ffchg?té'oup %Agﬁétgl m*‘%ﬁf)ggugﬁggﬁzi(’egﬁé‘rﬁ%& maécjﬁoftﬁgrlc
resul ting sol ution iacid imherdergtootfectdiss®lution.o Q?e. ri’hsesstTltstimtof
be di ssolved in 50% rs i ; W kB ' |
The rinse solution %ﬁfﬁ’é’ lqwét*ﬂ{efoi%n\?gﬁt ir%%l? yEP?E#?EC%%?Q%EGE’gﬁgé?&'lr'rﬂh aﬁ 2
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15 weight. 1Bher ardight. Si grhétéearnis UppersigMifid¢ant haipper UiikAR UEDI Ghe
concentration or_ziqﬁﬁﬁ%gﬁ%?ij!gr%gggﬁi Wien zhafniumls. sed in trmawhen
rinse solution, its AT FORCEntIRLIOR b 2LRERBIWp bt PrESETFw
The pH of the rinse hatnium is used in the rinse solution, its concentration
' should not exceed about 0.1% w/w. The pH of the rinse
solution is measured; if the pH is outside the desired
20 range, water or Group IVA metal salt is added to change the
pH to fall within the desired range. Hence, the amount of
Group IVA metal jion present in the finished solution is a.
function of the pH. The concentration is not likely to
exceed about 1.0% w/w, and in the case of hafnium, should
25 not exceed about 0.1% w/w. A selected organosilane in the
concentration range of about 0.1 to 7.0% w/w is added to
‘the solution containing the Group IVA metal ions described
above. The solution is then mixed for at least 30 minutes
- to complete the hydrolysis of the selected organosilane,
30 after which time the rinse solution is ready to be applied
to conversion-coated metal. The addition of the silane
does not affect the pH of the solution.
A preferred embodiment of the in#ention is an aqueous
solution containing 0.005 to 0.5% w/w titanium ion and 0.25
35 to 1% ﬁ/w of phenyltrimethoxysilane. The resulting
solution can be effectively operated at pH 2.0 to 5.0.
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solution is measured; if the pHis outside the desired 20 range, water or

G oup VA Wﬁbﬁéﬁé’é is added to change the pH to fall wiptlrGBIsN2805
desired ran t he amount of Goup I VA netal ion present in the
finished solutlon s a function of the pH The concentration is not
likely to exceed about 1.0%ww, and in ghe case of hafnium shoul d 25 |

not exceed about 0.1% ww. A selected organosilane in the

concentration range OfQQBEHEr plelflr geﬁ%”q?§?£5é¥¥“ﬁ?tﬁhe %véﬁﬁléﬁlyé'ﬂﬂ

containing the Goup | nmet al 1 ons descri solution is
then mixed for ataguasus3goprkieBscontaindngofpPBBetens- H&awawygagnavmthen-

Eelectfd grganoslhﬂae 038s é@tfiﬁ\Mﬁ[ﬂ11§H3hﬁﬁftﬂﬁdt§?xy§ﬂ£dﬁan | ritBadyhéo
e applie 0 copyersion:coate ition

does not aff ect tﬁ&sBEl)é &ng; fely B}ﬁ?%ﬁlﬁg éffective %r%ﬂ%?ar"&i{ @ﬁ"ogg 2est 8
the inventionsis ansaqueous solutlon containing 0.005 to 0.5% w w
titaniumion and O. 25 pgﬁ@g h%%/ ifﬁ%}& Th
resul ting sol ution 8anE'g é%’ ety dpera %:r(ﬁ&j‘t 2& 5. ?)f Ehe
WO 96/ 17109 invention is an aqueous solutlopcmpggggngggog 005 to 0.6%

8 Anot jogy pr@ﬂarmn?nbo%ﬁent &tfa t hegi gvention i ggan Wy of
aqueous solution containing 0.005 t{o 1% w w haf ni um j on 0

25
2% w w phenyl tri nEFﬁBX}Ef’-’F-HﬁEh"W?ﬁl?ﬁE ThPes‘Iﬁ%q]rﬁ}%I ﬁPFHFgﬁﬁl (GRD
effectively pper abedeatipblly. Spépatdd ad. pH 3.0 to 8.0Another especially

preferred enbodi nent of _t Lnvention is aqueous .sol utign

contai ning 0.005 to 0.%§§E§er wPRPeCt QXiuﬁréﬁgﬁfl arthPo %f%? Pt e
ww of met hpiventienhhbs yan |aqueous lso Jutsidn icoptadining® . Q@ﬁ he 0009%
effectively operagzg ﬂ%fﬂ%hﬁ Qoﬁoa a%. 25 to 63 w OﬁQ%ﬁyiE?f@é@hb*ysilane

preferred enbodi ne nvenfion I's an aqueous” S0
cont ai ni ng 0. 005 Wath. 999@resulﬁﬁmghaphuthpnoheana effectivelynpperated at
nethyltrlnetfgxysbkageo to sWih the resulting solution belng effectively

gﬁgggf rergn?t 01}5t he gnogher " especially r;]:%ter%eerrrees eCIn&oalnPr qer rgd the
' invention is an aqueous solution containing 0.005 to 0.1%
w/w hafnium ion and 0.25 to 1% w/w phenyltrimethoxysilane,
with the resulting solution being effectively operated at
20 pH 2.5 to 4.5. |
Another especially preferred embodiment of the
invention is an aqueous solution containing 0.005 to 0.1%
w/w hafnium ion, 0.005 to 0.3% w/w zirconium ion, 0.005 to
0.5% w/w titanium ion and 0.1 to 2% wiw
25 phenyltrlmethoxYSLIane; with the resulting solution being
effectively operated at pH 2.5 to 4.0.
Another especially preferred embodiment of the
invention is an aqueous solution containing 0.005 to 0.1%
w/w hafnium ion, 0.005 to 0.6% w/w zirconium ion, 0.005 to
30 0.4% w/w  titanium ion and 0.5 to 6% w/w
methyltrimethoxysilane, with the resulting solution being
effectively operated at pH 2.5 to 6.0.
An especially . preferred embodiment of the second
aspect of the invention is an aqueous solution containing
35 0.005 to 0.1% w/w hafnium ion and 1 to 3% w/w 3-
glycidoxypropyltrimethoxysilane, with the resulting
solution being effectively operated at pH 2.5 to 4.0.



inwention is an aqueous solution containing 0.005 to 0.1% w w haf ni um
ion and 0.25 to 1% w w phenyl tri met hoxysi |l ane, W th the pegdEosngBos
‘sol ution beiWGIMTWRtively operated at 20 pH 2.5 to 4.5.

Anot her especially preferred enbodi ment of the i nvention i s an agueous
sol uyion containing 0.005 to 0.1% w w haf niumion, 0.005 to 0.3% W w
zirconiumion, 0.005 to 0.5% w.w titamfum ion and 0.1 to

2% ww 25 phenyltri si-l an hth res [ n
effectively operated an‘ﬂbw %’eflt?vhy pre erre% H%gdi sg’%’c?g ?ﬁé Secona
preferred enbodi nexgpexdt tde the inventidmnis snrarammssemnmmmontammg

containing 0.095 16 $bd %o o.1% Wy BAAsuR LaR, 6 Sgé £ 9. QWS LI EOD] i

net hyl t ri met hoxysHQIh-e OWQ-’h tt‘hé" r%t}MW rfglfsﬂﬂl}ﬂ o*P‘beﬂﬁfb ° 25 @f%t‘(ﬂﬁél%{'
operated at plg 2. 3yl ﬁ&ypropyltrlmé’dhcﬁéimé{éy PrefiEen r ederparbodiddit+ g

the second as ect of the inv I on, an aqueo qutlon cont I ng
35 0.005 to 0. ®RMWSHIMAIRG quég ely Qpelnked \a% 5.d.
gl yci doxypr opyl trl met hanetilen @refearted dnlsodinerst!df n!ghe secorid Uispect of

IEEIT?%BSEI 8?86‘5’6' Y QRE" Alecho i€ 2n' 8qlielus som‘é‘agg%’o%ﬁ%%mg 0.005 to

Anot her es_peC| al | yo.grief ew/od chabuiwent isin t handecofid25 to &3pecvw/wf twe
I nvention 1s i % Oogﬁfﬂiﬁ PATAHA YR lane, Qn@&? tchlﬂal%i’@é’iﬁltlnq

haf ni um i on, 004ow/w2|rcon|um 6] 005 to 0.4% w w

titaniumion dnd GOARYIPMReing :;affect}vﬂ}g,cqqﬁmd)ﬁg tRY ethdBg A 1%me,
with the resulting The rinses goluitddnbeitnghel iavkhteby 6RRIBé @11@&4 by

2.5 to 5.0. Anot her  pref er{ed enbodi_ nent %1;1 hh% secong aspegct
of the i nVEARHWF | ?eﬁﬁsaquﬁ@us Wy uﬁ%nce&%tafl i RG-¥e6hs tae rinse
0.1% ww hafni urso:uuinomrahd thecoriversidénwioate&i suliftrate is effected.

gl yci doxypropyl tr "ﬁFet% ererr ﬁeghyd%hog %Bﬁllcé@ight b?gﬁe rinse Sé)éjfuf%l 11

bei ng effectively "0pera I'nse so
of the invention & bbeappvp'a&lpy are by \immemsianeae®, byo snmgr-as In an

contact between t hgmldrii®n operation, the conversion-coated metal article is
submersed in the rinse solution of the invention for a time
interval from about 15 sec to 3 min, preferably 45 sec to

20 1 min. In a spray operation, the conversion-coated metal
article comes in contact with the rinse solution of the
invention by means of pumping the rinse solution through
risers fashioned with spray nozzles. The applicatiocon
interval for the spray operation is about 15 sec to 3 min,

25 preferably 45 sec to 1 min. The rinse solution of the
invention can be épplied at temperatures from about 5°C to
85°C, preferably 16°C to 32°C. The conversion-coated metal
article treated with the rinse solution of the invention

can be dried by various means, preferably oven drying at

30 about 130°C for about $ min. The conversion-coated metal
article, now treated. with the rinse solution of the
invention,. is ready for application of the siccative

coating.
E LES _
35 The following examples demonstrate the utility of the

rinse solution of the invention. Comparative examples
include conversion-coated metal substrates treated with a

B
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s.ol ut'i on and the conversi on-coated substrate is effected. 15 The

preferr.ed neg&%ga @%Eappl i.cation of the rinse solution PCT/GHY8/02805

i nventi on -ar i rsion or by spray. In an - i mer si on operation,
t he conversion-coated netal article is subnersed in the rinse
solution of the invention for a time toerval from about 15 sec to 3
mn, preferably 45 sec to 1 mn. Inaspray operation, the

conversi on- coat ed gﬁf@ﬁlum-c?ntﬂ%iﬁ%ans o 'Qn&O”&aﬁﬁeﬂ-wleSa é{'semetal

solution of the nven punpi ng t rrnse so
t hr ough ri seubsta%‘h@%né'er%ﬁﬁ sWidh nanzl @gganoqhéaagpprg@wéhtanate

'ntfrva'bl f025t he Stﬁiﬂalo&e.xﬁte 0§ol§tx‘?@HUtalslt5d§§6r?Bfa M, us-3.5s 053,081,
preferably sec to he rinse sol ution aof the nvention
can be applied at ?Eﬁ‘bé‘f‘h‘f%}%% FGhY: éﬁﬂﬁ’qaraﬂvj q‘d“eth°xys’-]§3’[eerﬁ c,0-35%
preferably 16[srr]g/wo 3%He THIORSOUGYAr atO00: SPayAd. M| TYZOR® cma&tsluéed to
treated with the rinse qu on of the nt edr|

vari ous neans, pre?E?%% esd]r%ﬂ'ng_ am% or&gboﬁpel:sﬁ%%ﬁPFEsf or %1%
mn. The conver supuml:ws méozl the pretreathentnawagess cdfoit Ithteherlnse
ri nse sol ution of [ r

Sl contive C%gfllltion of W@%&f%&%&n e@é’é‘ £RE @%{éﬁf@?*@é‘ Pindd® ana
exanpl es denonst r atket H’étHFieI i9f, Shet (pubstrate [ apde W kYR &f tWeccatl"e

i nventi on. @npagsatifg cxPédéscribed. | Nnclude conversion-coated netal
Eg??ééggfézgggabzeggﬁagﬁgb treated and painted metal samples were subjected

chrom um cont ai ni ngo raccel erated nvarsosion ctestlime! aIn generaslipsthetvssting

treated with an Or-gé%gg?éogd%ﬁneﬁ Q@:@B&h&ﬁl&a{S 48 guidd¥Pindd 13eci®idl' 2R ASru

descri bed in US-A-
3-gl yci doxypr opyl tﬁThia'ihQ)‘-iym I%leftlcﬁléa% t@fee\/\/ﬂ-@ent'-FFFélT\M@erﬂ]S crgxe

at 0.5% ww. j&e Tﬁ@éﬁ@é&lf&ﬁea& Uﬁ:?é‘tf@atment SF SEBH € m&eﬁaa@zed metal

Thr oughout the xwggl es, gar aneters for the pretreat mant
process, for the rfameles’ rec?&i"ﬁfiltﬂ‘\ singie. i Aradqnat FSFlPﬁe"’Pd-ﬁBa
rinses and t itroaditur ehef or§&ntobFindsh and pgendttated t0 Qstd \wetam

coating are descr Igfij ‘unpainted edges were covered with electrical tape. The
specimens remained in the salt spray cabinet for an

20  interval that was commensurate with the type of siccative

coating that was being tested. Once removed from the salt

spray cabinet, the metal samples were rinsed with tap

water, dried by blotting with paper towels and evaluated.

The evaluation was performed by scraping away the loose
25 paint and corrosion products from the scribe area with the
flat end of a spatula. The scraping was performed in such
a manner so as only to remove loose paint and leave
adhering paint intact. In the case of some organic
finishes, like powder coating, removal of the loose paint
30 and corrosion products from the scribe was accomplished by
means of a tape pull as specified in ASTM B-117-85. Once
the loose paint was removed, the scribe areas on the
specimens were then measured to determine the amount of
paint lost due to corrosion creepage. Each scribe line was
35 measured at eight intervals, approximately 1 mm apart,
measured across the entire width of the scribe area. The
eight values were averaged for each specimen and .the

¢



Al'l.treated and pai.nted netal sanples were subjected to accel erated
corrosi.on te H1 general, the testing was per f or nedper’GB9SH28@5 t O
t he gU|deI|n %EE ied in ASTM B-117-85. Specifically, three

i dentical specinens were 15 prepared for each pretreatnment system The
pai nted net al sanpl es recei ved a single, Plagonal scri be which broke
through the organic finish and penetrated to bare net al . Al

unpai nted edges wela%eeg jekede Weh b a}:%&éu&akt{é&f SJ&?JJTens we&ae%w%aged to

remai ned in the salt cabl net I nt'erval that
conmensurate with ﬁﬁ§1V9pétth§|@é&?ﬂv@esult- CEEFIﬁgeFEQHQMX§IH§§n§eP°rted

tested. Once renoved theMebheo&dhly tablesSpeflectbitheke ithaanetakuitspl es
were rinsed with ta water, dried by blotting with paper towels and

eval uat ed. T tion was performed by scraping away the | oose
25 1 paint andscorrosi ogopdedotliedf steellhccexty i penelsafronhAdiranced Cobtihg

end of a spatula. EQShﬁSi?B&Qg "‘ﬁhfS&Lfé”ﬁHﬁ%ﬂlﬁHﬁ'ber e probdBUdE thyBudh a

only to renove | oo5€ pal n pai n
case of sone or gan five stagej prekreatment pmelth'Oafl‘h#g panedsy weref cleaned

| oose pai nt @n%&afé*ornm O @i cle@R §563 5G4 Iéﬁﬁ@%mqmbaﬁsﬂle
by neans of a as 881C|fled in ASTM B- 117- 85

| oose pai nt was reﬁé&éslnﬁhe sEGiPBB1RMeas GAMPRENA. specPﬁEﬁs meFEn?ﬁEﬁd
measured to deber msaeerhBrasruereal the te@ﬁipanémtwéw zt:msw riesitap water

approxi mat oy 1 mmPdiar pRosEREcad wifRMHRE | AT, (R, Bk, 3ppd, @

scribe area. The commeecghilyahxailnhlaeummagpuospha&ach sﬂmelphnsphdting

PCT/ GB95/ 02805 WO REELA Q2 o Tated at about 6 oints, 60°C, 13 m1n contact
averages of the three |dent| ecl mens mere a eraged to arrive at

the final result. th@ecrhﬁphd%-véﬁﬁé§ pbpsphaging, the parels|wearg mdnsed &8
reflect thesej§i nakapegdkkes and tﬂ@éﬁﬂai%ﬂthEkarlousCPiHalofiﬁgeSESQﬁtiSﬁé

panel s from Advanced Coat i, ng Technolggles l,sdal e, .M. c an,were
processed t hrough 5°F 1 min. The comparative chromlum-contalnln rinse was

Ardrox, Inc. Chem Seal 3603, a commercially available
product. This bath was run at 0.25% w/w. In accordance
with normal practice in the metal finishing industry,
20 panels treated with the chromium—-containing £inal rinse (1)
were rinsed with deicnized water prior to dry off. The
comparative chromium-free final rinse (2) contained 0.35%
w/w 3-glycidoxypropyltrimethoxysilane and 0.5% w/w TYZOR®
CLA. All panels were then dried in an oven at 130°C for 5
25 min. _
The conversion-coated test panels were painted with a
melamine polyester organic finish. The wvarious final
rinses are summarized as follows.

30 1. Chem Seal 3603, chromium-containing final rinse.
2. Comparative chromium-free final rinse.
3. phenyltrimethoxysilane, 0.25% w/w, pH 2.88, Ti.
concentration, 0.026% w/w.
4. phenyltrimethoxysilane, 0.5% w/w, PpH 4.32, Ti
35 concentration, 0.014% w/w
' 5. phenyltrimethoxysilane, 1.0% w/w, PpH 3.20, Ti
- concentration, 0.046% w/w.



five stage pret;reatyent operation The panels were cleaned wi th Ardrox,
Inc. Chem Cl egipokA9fe & commercially available al kal i ne  PEW&RIFAI0S
conpound. Once rendered 10 water-break-free, the test panels were
rinsed in tap water and phosphated with Ardrox, Inc. Chem Cote 3011, a
commercially avail able iron phosphate. The ph@phati ng bat h was
operated at about 6.2 points, 60[err]C, 3 m n contact time, pH 4.8.
After phosphating, the n'ﬁaelsaweéﬁraynﬁ@&uﬂsl{retmaﬁmd dnd Tabaet ed Wrh&
various final rinse solutions mn. The c afyl e

chr omi um cont ai ni nJ&HESe TRPEesent ,EI” qq{a@aq@ne%% hgg%cribe area in
commercially avai | smn.e The numbesrst .J.ﬂ'hipzar(mtt:lham r nepres&ni5%he wexpasure
accordance %QE agtlbee Lt t S ndustry, 20
panel s treated vvlth;"tt;;fL rg%gu?nhégn %?ﬁ.iﬁgl mg{tgfsh% E%Q?Sh

rinsed with deboni zed water pri or to dry of TABLEcI corrparatlve
chromum free finajf=rFSt oy CONtar et U o0 o T —

3- gl yci doxypr opyl t | |Hi&taf10>!§tﬂsleam.and 0. 5% \iMe -&?d]}yester QIBAG Arl)
panel s were then diied in an oven at 130[erf]C for 5 25

conver si on- coat ed 2
organi c finish.

ri

30 1. Chem Seal U3, cnrom anrcontal ntngjrrnal rinse.

Conparative chrom yufree finald rinse 3 ___phenylirj E¢doxysil ane
0.25% w w, bl 2§88, T| 4 concent rati bn, 0. 026%w/w. 2 4.
phenyl tri met hOxysi | AV v ' ZL, “Fr—35 comcentrattorm
0.014% w w 5. Ti
concentration, 0.046 3

PCT/ GB95/ 02805 . 12 The salt
spray results are 9@&?@2 in Table 1. The val ues represent total
creepage about the rea in mm The nunbers in parentheses

represent thel8&xposure Another set of cold-rolled steel test panels was
prepared using the parameters described in Example 1. The
conversion~coated test panels were painted with the
melamine polyester organic finish that was used in Example
1. The various final rinses are summarized as follows.
20 '
1. Chem Seal 3603, chromium-containing final rinse.
2. Comparative chromium-free final rinse.
6. methyltrimethoxysilane, 0.5% w/w, pH 4.15, Ti
. concentration, 0.035% w/w. '
25 7. methyltrimethostilane, 1.0% w/w, pH 8.00, Ti
concentration, 0.042% w/w.
8. methyltrimethoxysilane, 2.0% w/w, pH 4.81, Ti
concentration, 0.030% w/w.
. 9. methyltrimethoxysilane, 6.0% w/w, PpH 3.06, Ti
| 30 concentration, 0.053% w/w.
10. methyltrimethoxysilane, 7.0% w/w, pH 4.76, Ti
concentration, 0.026% w/w..
The salt spray results are described in Table II. The
values represent total creepage about the scribe area in

35 -mm. The numbers in parentheses represent the exposure °

interval for that particular organic finish.

%
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i.nterval for t hat particular organic finish.

‘{ABLE l. woférﬁ%sv Ri nse l;lo6 Mel am ne- §O| yest er ( 336pdw/EBIS/02805
37.1 ' ' 3 . 5.1 10 4
2 (. 5 4.4 - EXAMPLE 2 15
Anot her set of cold-rolled steel test panels Was prepared using the

parameters described in Exanple 1. The raSPRVEE S on-coated test panels
were painted with _th

BT oo | Bl e N o] o 15T HE TRt e P gt 20
chromumfree fin | rinse. 1 6. nethyltrinethoxy5|lang,s 0 596 W w,
4.15, Ti “Centratlon 0. 035% W W. 7o 7. netnyrtrlnétﬁ0xy3|lane
1.0 ww, pH 8}00 2concentratidn, 0 0429% W w37. 8
nethyltrlnethgxysqlane, 2.0%gwWw, pH 4481, Ti con entration

0. 030% W w. ' 7 TTE xysTta '
concentration, O.¢ 7_10. nethyltrlnethoxy3|laae$ 7. 0@6 WAL
pH 4.76, Ti 0. 026% wW/|w. The_salt spray

results are descr i . 8

about the scribe § "Thé nunijers in parenthgses represent t

exposure i nt gFvar tor tnat partlcu1ar organtc 1irnisn.

PCT/ GB95/ 02805 W 10 2.3
10

E LE 3
Another set of cold-rolled steel test panels was

prepared using the parameters described in Example 1. The
15 conversion-coated test panels were painted with the
melamine polyester organic finish that was used in Example
1, a high solids polyester (designated as High-Solids
Polyester), and a baking enamel. The various final rinses
are summarized as follows.
20 1. Chem Seal 3603, chromium-containing final rinse.
11. phenyltrimethoxysilane, 0.25% w/w, pH 3.72, Hf
concentration, 0.055% w/w.
12. phenyltrimethoxysilane, 0.5% w/w, pH 4.22, Hf
concentration, 0.10% w/w. .
25 13. phenyltrimethoxysilane, 1.0% .w/w, pH 2.56, Hf
concentration, 0.082% w/w.-
14. phenyltrimethoxysilane, 2.0% w/w, pH 3.97, Hf
concentration, 0.051% w/w.
The salt spray results are described in Table III.
30 The values represent total creepage about the scribe area
in mm. The numbers in parentheses represent the exposure
interval for that particular organic finish.



Fi nal

TABLE 1|1 : Ri nse No. Mel am ne- Pol yester (336 hrg '

1 ‘ WO 96/171092. 6 - 2 . ' PCT/GBY5/03805|

5 1.1 7

2.5 8 2.8 9
2.5 10 14 2.3 10 EXAMPLE 3
Anot her set of cold-rolled steel test panels was prepared using the
parameters described in Exanpl e 1. The 15 |on coat ed test panel s

were painted wtff ml‘pb =T n.
used in Exanple ﬁyQSI id i ol i ds
Pol yester), and a (249h8 various f(lﬁﬁ ) rinses (24°hf9e
summari zed as foll : : Chenlgqal 360¥ chrogizum conf ai ni ng, §i na
ri nse. 11. ' I B0t fHH——P P
concentration 0. 0b5% W/ M sheny! t {i met hokysi | ane 0.596 W w,
pH 4.22, concegtratlon, % Y% W W. L25 1§3 ' H
phenyltrlneth0§y5| ane. 1—09% M”m1 pH_2. 56 Hf = Pohcenmizﬁﬁiu;____
0. 082% w w. %Fi phgnyltr nethoxy3|lane 2.0% ww, |pH 3.93, Hfh
concentration, O. 0 W . e Satr{ spray_resut sl are uescrioed
in Table I11.. 30 § The VMl ues tepreséhd total creephde about the stibe
area in mm The nunbers in parentheses represent the exposure
interval for that particular organic finish. WD 96/ 17109
PCT/ GB95/ 028040 EXAMPLE 4 14

Another set of cold-rolled steel test panels was

15

20

25

30

The
conversion-coated test panels were'painted with the three

prepared using the parameters described in Example 1.
organic finishes used in Example 3. The various final
rinses are summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

1S. methyltrimethoxysilane, 0.25% w/w, pH 3.53, Hf
concentration, 0.034% w/w.
16. methyltrimethoxysilane, 0.5% w/w, pH 4.05, Hf
concentration, 0.066% w/w.
17. methyltrimethoxysilane, 1.0% w/w, pH 4.44, Hf
concentration, 0.017% w/w.
18. methyltrimethoxysilane, 2.0% w/w, PpH 3.91, Hf
concentration, 0.071% w/w.
19. methyltrimethoxysilane, 4.0% w/w, PpH 3.41, Hf
concentration, 0 058% w/w.
20. methyltrimethoxysilane, 6.0% w/w, pH 4.53, Hf
concentration, 0.087% w/w. '

The salt spray results are described in Table IV. The

values represent total creepage about the scribe area in
The numbers 1ln parentheses represent the exposure
interval for that particular organic finish.

TN



TABLE |11 . Final Rinse No. Melanine-Polyester High-Solids Polyester

Baki ng. Enane (240 hr) (168 hr) - - (P2DGRYY0280S

1 5"‘19"1"“’ 4.3 4.2 11 6

3.4 9.5 5 12 4.7 4.3 9.9
13 ¢ 2 5 12.9,5 14 11.8
5.1 9.3 10 EXAMPLE 4 Anot her set of cold-rolled
steel test panels was prepared using tiagrparmneters described in
Exanpl e 1. The opnvercion.coatod togt nanals waroe naintad with thea
three or gani ¢ iw 'ﬁ&ﬁﬁousﬁd&@ﬁ(}m& 3 HighldoBdiRlyestddS | Bhiid Endmel
rinses are sunmmarilp as foll o\g240 hr) Che¢ éeﬁl 3603, (240 br)

chr om um cont ai ni |'i Tat—TTTISY. tS—methyttrT et oxysTHane, 0259
w w, pH 3.53, Hf cohcentration, %! 034% W w 43 16 4.2

met hyl t ri met hoxysij ane, .5% W w, 4.0%, Hf con
0. 066% W w. : 5 ﬁ-t-h-eagi—l—aﬁe- . R , el
concentration,50. OfL7% W 1§. 18. et hyl t §i met ho&gsi | ane 2. 0%.6W w,

H 3.91, Hf trat /1% W 29 .
P concerJIraol Wum %n-&lo w > &g pnnﬁwﬁm__ﬂ-—‘

~met hyl tri met hoxysi

058% W W. 20. et hygl trimpt hoxysj,j ane, |6.0% wkw, pH 4.53, 1.1Hf
concentration, O. W W, THEe Sal{—Spray T esurts|are uescribed—
in Table I1V. The val%ues réprese®Stotal lcreepa®® aboutlthe sc9Phbe ar
in mm  The nberszol n pajent hew reprgsent t§g expospre 1.1 EAT

I nterval for gat BertetH-ar—et-garte—sh- WO-S6-+++05

PCT/ GB95/ 028
EXAMPLE 5
Another set of cold-rolled steel test panels was .

Cent ratkgn,

prepared using the parameters described in Example 1. The
conversion-coated test'panels were painted with the three
15 organic finishes used in Example 3. The various final
rinses are summarized as follows. i
1. Chem Seal 3603, chromium-containing final rinse.
2. Comparative chromium-free final rinse.
21. 3-glycidoxypropyltrimethoxysilane, 0.25% w/w, pH 3.23,
20 Zr concentration, 0.35% w/w, Hf concentration, 0.080% w/w.
' --22. (comparative) 3-glycidoxypropyltrimethoxysilane, 0.5%
. w/w, pH 3.72, Zr concentration, 0.48% w/w.
23. 3-glycidoxypropyltrimethoxysilane, 1.0% w/w, pH 3.25,
_ Zr concentration, 0.18% w/w, Ti concentration, 0.39% w/w,
25 Hf concentration, 0.050% w/w.
24. 3-glycidoxypropyltrimethoxysilane, 2.0% w/w, pH 4.02,
Ti concentration, 0.02% w/w, Hf concentration, 0.090% w)w.
The salt spray results are described in Table V.. The
values represent total creepage about the scribe area in
30 mnm. The numbers in parehtheses represent - the exposure
interval for that particular organic finish.
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P

chromumcontaining fina rinsg. 322. Conparati ne:;chromiumf reegfi nal
rinse. 21. 3- ' T 2D WW, - P 3. 23, 20
Zr concentratin, 008 w v 257
(conparative) 3- gI yC| doxypropy] tri metgoxysi | pne, 0.5H06 W w, phs3.72,
concentration, O. . ' ' ' —i

w w, pH 3.25, Zr c@dcentr Et ion, 126 18% W w, Ti &dncentriati on, 68 39%
ww, 25 Hf concdntr at |29n 0. P50% W/ ]

3-gl yci doxypr opyl theinet B0xyc) LRoa 2 D0 il ol 402 e
concentration, 0.02% w w, Hf concent rat ion, 0.090% w w. The sal t
spray resul t§°dre described in Table V. The val ues represent total

creepage about thegxMpiE erea in 30 nmm The nunbers in parent heses'
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prepared using the parameters described in Example 1. The
conversion-coated test panels were painted with the three
15 organic finishes used in Example 3. The various final
rinses are summarized as follows.
1. Chem Seal 3603, chromium-containing final rinse.
2. Comparative chromium-free final rinse.
25. phenyltrimethoxysilane, '0.1% w/w, PpH 2.98, 2r
20 concentration, 0.23% w/v}, Hf concentration, 0.060% w/w.
 26. phenyltrimethoxysilane, 0.5% w/w, PpH 3.54, Ti
concentration, 0.46% w/w.
27. phenyltrimethoxysilane, 1.0% w/w, pH 3.98, 2r
concentration, 0.09% w/w, Ti concentration, 0.47% w/w.
25 - The salt spray results are described in Table VI. The
values represent total creepage about the scribe area in
mm. The numbers in parentheses represent' the exposure
interval for that particular organic finish.
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Baki ng Enanel - (240 hr) (168 hr) ( 29@TioBpS/02805

1 f?"%’""“” 4.3 4.2 2 32

26.‘3 28.3 5 21 4.4 1.9 5.7
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pr epared using r--,m- pptors dg had o Evannl,
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as follows. CrerrSeat—3§603, chromumjcontar ning gk 11 1nse.

2. Conparative chripmi umfree filnal rié&e. 25, 48henyltlinmetho%¥silane.
0.1% ww, pH 2.B8, Zy 20 concendo ationf 0. 239 w, Hf conce rat i on,
0. 060% W w. ' ZiB= "‘ i TSLIIUI\_I;]%JZI + e - 5%\1/?;5:1,{ p;lr -5 u-—r, %3

concentration,50. 4 27. ‘Benyl trilnmet hox¥8il ane, ] 1. 0% 3w, p
3.98, Zr co 0. 09%\/[ L oncen%gt | on, ;). 47% w,w. 25
The salt spray res Table -THIr= C 85844
total creepage ab areaaL:n mm  The nunbe sin 9

par ent heses repr eSerE= e e PoS i & el var ol tIat partreorar —
organi c finish,
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TABLE VI 10 EXAMPLE 7 :

Another set of cold-rolled steel test panels wvas
prepared using the parameters described in Example 1. The
conversion-coated test panels were painted with the three
organic finishes used in Example 3. The various final

15 rinses are summarized as follows.
1. Chenm Seal 3603, chromium-containing final rinse.
2. Comparative chromium-free final rinse.
28. methyltrimethoxysilane, 0.5% w/w, PpH 3.47, 2r
concentration, 0.53% w/w, Ti concentration, 0.18% w/w, Hf
. 20 concentration, 0.030% w/w. _
29. methyltrimethoxysilane, 1.0% w/w, pH 4.46, Z2r
concentratidn, 0.17% w/w, Ti concentration, 0.14% w/w, HEf
concentration, 0.080% w/w.
30. methyltrimethoxysilane, 3.0% w/w, pH 3.54, Hf
25  concentration, 0.070% w/w.
31. methyltrimethoxysilane, 6.0% w/w, pH 4.86, Z2Zr
concentration, 0.09% w/w, Ti concentration, 0.31% w/w, Hf
concentration, 0.040% w/w.
The salt spray results are described in Table VII.
30 The values represent total creepage about the scribe area
in mm. The numbers in parentheses represent the exposure
interval for that particular organic finish.
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Another set cold-rolled steel panels was prepared
in Example 1. The
painted with the

using the parameters described
conversion-coated test panels
melamine-polyester organic finish that was used in Example
1, and the high solids polyester and baking enamel used in
Example 3.
follows: _
1. Chem Seal 3603, chromium-contaihing final rinse.

32. 3-glycidoxypropyltrimethoxysilane, 0.25% w/w, pH 2.83,
Hf concentration, 0.088% w/w.

33. -quc1doxypropy1tr1methoxys11ane, 1 0% w/w, pH 3.84,
Hf concentration, 0.098% w/w.

34. 3-glycidoxypropyltrimethoxysilane, 2.0% w/w, pH 2.69,
Hf concentration, 0.069% w/w.

35. 3-glycidoxypropyltrimethoxysilane, 3.0% w/w, pH 3.25,
Hf concentration, 0.040% w/w.

36. 3-glycidoxypropyltrimethoxysilane, 6.0% w/w, pH 2.90,
Hf concentration, 0.034% w/w. '

vere

The various final rinses are summarised as
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2.2 0.9 1.9 10 TABEEAVEIE 8 Anot her set
cold-roll ed steel Hanels vas prapare SRt re—pa
descrlbed_ in Ex4 hﬁkhmm&yagﬁaer-Hnméwmﬁwadm&estmmhgehammere
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3-gl yci doxypr opyl 1 , —60- -4 -
concentration, 0. {69% wasv. 35. 63%-gl yci Hoxypra¥l tri ngt hoxysid.lane,
3.0% ww, pH 3.25, H—con entratlon 0. P40% W W, 30.
3-gl yci doxypr opyl tri net B&xysilbne. 6500w w i pn 2 dtb ff 6.1
concentration, 0.034% w w. MD 96/ 17109
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CONCLUSIONS
The results from accelerated corrosion testing

demonstrated in Examples 1 to 8 show that rinse solutions
containing a selected organosilane and the selected Group
IVA metal ion(s) provided substantially better performance
than the comparative chromium-free rinse.  The results
demonstrated in Examples 1 to 8 also- show that rinse
solutions containing a selected organosilane and Group IVA
métal ion, namgly titanium, hafnium and mixtures thereof

with each other and with zirconium, provided, in many
cases,
chromium-containing rinse, such as Final Rinse No. 1.
the

significantly higher levels of corrosion resistance than

corrosion resistance comparable to that of a
In

several instances, rinse solutions provided

that achieved with a chromium-containing rinse.
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to that of a chromu conta|

such .as I nse._No. I
sever al mstance%"nce‘ﬁfea ’ﬁ"hsﬁe gPGtI PrB?’b@Fd@d 'pff g%lﬁ’ﬂ?‘fl
hi gher levels of csXlwtsiam iresihet ararmyd (20 Xo 9.tchat achieved with a
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rinse sol ution corfroun Vametpkolensésufrem af Group IV3upetad dengisougice
including titani unge edvddiBrdd rihxafludf‘d@i‘.ﬁéiutd"%cﬁ‘g HFhidh GE/AMADiARE

in a concentration in
and mixtures thereof.
3. A rinse solution.comprising an aqueous solution of
15 Group IVA metal ion including hafnium and an organosilane
in a concentration in the range 0.1 to 7.0% w/w and
selected from methyltrimethoxysilane, 3=~
glycidoxypropyltrimethoxysilane and phenyltrimethoxysilane,
and mixtures thereof, with the Group IVA metal ion
20 concentration selected to provide a pH for the entire
solution in the range 2.0 to 9.0.
4. A rinse solution according to claim 3 in which the
group IVA metal ion source includes hafnium oxychloride.
5. A solution according to any preceding claim which also
25 includes zirconium.
6. A rinse solution according to any preceding claim
wherein the Group IVA metal ion concentration is at least
0.005% w/w.
7. A rinse solution according to claim 1 or claim 2
30 wherein the titanium ion concentration in the rinse
solution is at least 0.005% w/w and the organosilane
comprises 0.25 to 1.0% w/w phenyltrimethoxysilane, with a
pPH in the range 2.0 to 5.0.
8. A rinse solution according to claim 1 or claim 2
35 wherein the titanium ion concentration in the rinse
solution is at least about 0.005% w/w and the organosilane
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any preceding cl i n¢l udes _zi Fconi um [inse

sol uti on accor di A@-t o BarFinfe R WM spaFording Epciany; (RE c?gﬁbm?vik e 8

i on concentrati ORHetredin tRaSKafnium Gidid T¥ndefitration/in theiriese dalution
according to claiml o [

cl ai erein .t he i tani i . _
concentrati &0 i 45t RE 5'??@% . 8Oggo‘f’ Yi 3w Eh%tmfcnao&?sbi%%%%lasnecf {925
organosi | ane toCBNPRI vEY ﬁeﬁﬁylbriméﬁhmkvsphan?btw&hbthc’nfjrsimatﬂte, raAnge a
pH in the range % Q’ L 2. Q. 8. Arinse solution according to claiml
or claim2 35 wiérein “the titanium ion concentration in the_ rinse :
solution is at |ddst Aodtinse PBVIGION aABCPRELBIgEROFNYarRE claims ypto 6

26/1 17109 coror i gzélserelg the 0%/11\'/\70n1um JiorPC'E/oﬁ%%?‘tg%l&g%n in the rinse
in the rangl-mo Sl"(}ué“@n i5 Ft ﬁ??ﬁ . éobﬁ? y&'ﬁor g lht?t}iﬁ‘s’g%f ion
claims 1 to 6 concentration in the rinse solut:.on is at least about
0.005% w/w, the titanium ion concentration in the rinse
solution is at least 0.005% w/w, and the organosilane
comprises 0.1 to 2.0% w/w phenyltrimethoxysilane, with a pH
20 in the range 2.5 to 4.0.
12. A rinse solution according to any of claims 1 to 6

wherein the zirconium ion concentration in the rinse
"solution is at 1least 0.005% w/w, the hafnium ion
concentration in the rinse solution is at least 0.005% w/w,

25 the titanium ion concentration in the rinse solution is at
least 0.005% w/w, and the organosilane comprises 0.25 to
6.0% w/w methyltriméthoxysilane, with a pH in the range 2.5
to 6.0. '
13. A rinse solution according to claim 3 or claim 4

30 wherein the hafnium ion concentration in the rinse solution
is at least about 0.005% w/w and the organosilane comprises
0.25 to 6.0% w/w (preferably 1.0 to 3.0% w/w) 3-
glycidoxypropyltrimethoxysilane, with a pH in the range 2.5

\ | to 4.0. '

35 14. A rinse solution according to claim 3 or claim 4
wherein the zirconiuiu ion concentration in the rinse
solution is at 1least 0.005% w/w, the hafnium ion
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to 4.0. 35 rinsé solution accord| gto claim3 or cl n% 1
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hafnium or a mixture thereof, and an organosilane in a
concentration in the range 0.1 to 7.0% w/w and selected
from methyltrimethoxysilane, 3-glycidoxypropyltrimethoxy-

20 silane and phenyltrimethoxysilane, and mixtures thereof
having a §H in the range 2.0 to 9.0.

17. A process according to claim 10 in which the rinse
solution is a solution according to any of claims 2 and 4
to 14. _ '

25 18. A process according to any of claims 15 to 17
including the preliminary step of conversion coating the
metal substrate, - preferably phosphate coating the
substrate.

19. A process according to claim 18 in which the

30 conversion coated metal product.is rinsed with water before
being contacted with the rinse solution.

20. A process accordlng~to any .of- clalms 15 to 19 in which
the substrate is. drledf'ﬁy ahea;rng, preferably at a
temperature of about 130°C.

35 21. A process according to any of claims 15 to 20 in which
the treated substrate is subsequently coated with a
siccative coating. - :



§6 9305524

the titanium i ;on concentration in the rinse solution is at ﬂ@ﬂ%cap'
w w, and the organosilane conprises 0.1 to - 4. 0% W w - ' - :
3-glyci doxypropgcqﬁnet hoxy s ivbRidanTenie-fuad pipedT oRcaniZAGiok ange 2. 3EXJ5. 0.

15. A process f eati ng conver si onlhegaienelBuppat g substrates applyi ng

to t/ﬁe CQNVERNAmmaABm,IGAmN PUBLISHED UNDER THE PATENMTI COORER ATION C!REAH‘YA(PCT)
a M XTUre t her eol,

met al TTIC T L g o Tt T oT

an 10 %“htﬁ oI"S| qg?ltee“gl lassiéil':a%:'oncent ration i D fgerpagipghPuflicgtion Numbeso, Y’G)Q/v§ gﬂ7109 1%
and $el deA¥d2283rom net hyl tri met hoxysi '(@é}%.temﬁ&ﬂlpubﬁmﬁon Date: - 6 June 1996 (06.06.96)
pheny tri mai hoxysilane and mxturesith

2.2 108 Qerpae 1;6 .w.[Aon% Ty M%eﬂz L 2 8 . a5

subst es app e conver sl on- ¢ &nﬁm BE, c}ﬁgg,emuss FR, GB
sol ut ammmmoﬁmmnam mu&m{?ﬁumﬁu ng IE MAUnMANLOPT, 8E)Ti Xt ur e

t herepf, and an organosil ane i congentration in the range 0.1 to

7.0%/\(3(8}(% hected o frommethyltring I | ane,
3-gl ygi @B tri mei béember 184 (0182.0anne vBNd pPhewwslidriangkiiary spdrine, and

m xtufes ther eof having a pp/in the rgnge ZBefrettsr Gpifdiion of the tiie linkt for arereding the
accor H} PG%KEA nse. s A [apd o besrepyblishod i thecens of the receipt of
accorf % B 14. fgw"d'fg A process according
to any of c alms to 17 |ncI githe prelimnary step of

convef @hdwves@at George, Johmrm?&IanMJbstmqlt e, preferably phosphate -

coat i 1g t Pies, IL 6064& (i) t 1 at e. 19. A plocess according to claim18 in

wWhi chl ghQ.38 cfi EERERES R PRRAVEE houtt, 9quct. is rinsed with water before
bei ngj c n E1abreStredt)| Lbrd ltcaManm)so ution. 20. A process according to

any of clainms 15 to 19 in which the gubstrate is dried by heating,
prefefably at a tenperature of about |130[err]C. 35 21. A process
according to any of clainms 15 to 20 in whilch the treated substrate is
subsepguently coated with a: siccative|coating.

(54) Title: COMPOSITION AND METHOD FOR TREATMENT OF CONVERSION-COATED METAL SURFACES
(57) Abstract '

A rinse solution for the treatment of conversion-coated metal substrates for approving the adhesion and corrosion resistance of siccative
coatings comprising an aqueous solution of a group IVA metal ion selected from titanium, hafnium and mixtures thereof, optionally with
other groups IVA metal ions, and an organosilane selected from the group consisting of med:ylmmed:oxysﬂane. pheny! trimethoxysilane
and, for hafnium-containing compositions, -glycldoxypropylmmeﬂnoxysnlane The group IVA metal ion concentration is selected to provide
a pH in the range from 2.0 to 9.0. The solution is applied to a conversion-coated substrate.




