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“Meotallizing pretreatment of dine surfacey’

{2 The present invention relates W & method for metalizing pretrestment of gabvanized andior
alloy-galvanized stee! surfaces of joinsd mstal componsnts, which have &t least partislly surfacss
made of zing, i e surface freatment comprising multile process steps. v the method sceording to
ths invention, a metallic fayer overlay of in particular no more than 100 mgin® iron s produced on
the treated zine surfaces. Such metalized zing surfaces have excellent sultability as a sfarting
matanal for subseguent passheation and cogling steps (Fig. 1, methods BV and ghve tise W 8
much higher efficlency of the anlicorrosion coaling, in particular afler the prefreaiment soeording to
tha invention of galvanized mstal surfaces. Application of the method fo gelvanized slesl strip
supprassss the corrosive delamination of the paint coating, espsuiatly 2t the ot edges. Ina further
sspect, therefore, the invention cnmprises an ancoated or subseguently cogled melal component
o whicha metaliizing pretrestment according tothe invantion has been applied, as wail gs the use
of such 3 componant in vehicle body construction it aulomabile manufactudng, in shipbuliding,
the construction industry and for the praduction of white goods.

13 A large number of surface-Snishad stest materials are currantly being produced in the steel
industry, and today aimost 30% of the Sne shest metal producty in Germany are supplied in
surface-finished form. in order fo praducy finished products, these fing shest mestal products are
provessed further 30 that many dfsrent metallic matedaly or many different combinations of
metaliic base malerials and surface malerials may be present v one componsnt and must be
present in order o mest certgin product renuitsrrents, During the further processing, espsaially of
surface-fnishad stee! sivps, the matertal is cut to slze. shaped and joined by wedding or adhesive
bonding methods. These processing operalions are highly typical of vehicls budy construction In
the adlomaebiie indusly, whare meinly gaivanized stesl strip from the coll coaling indusyy B
processad further and joined for example 1 ungalvanized stesl strip andior aluminum sirp: Vehicle
bodis thus consist of 2 mulitude of sheet metal parts which araoonnecied o one another by spat

wissifing,
b

{4 From this variety of combinations of metallic strip materials v one component and the
primary use of surface-finished stesl sirips, special requirements are derved for comosion
pratection, which must be capabia of reducing both the conseguences of bimels corrosion as well
s cprrosion at cul sdges. Although metaliic dine coatings spplied [ steet slrdp elsctrolticaly orin
& mel-dip procass imparta cathodic protective effect, which pravents active dissolution of the mare
noble core material at cut edges and mechanically indured damags o the zine coating, itis aqually
imporfant 1o reduse the sofrosion rate per se 16 ensure the material propertiss of the cors materiall
The requirements placed on the anficomrosion coafing, usually consisting of an norgank

conversion layer and an organic basrier layer, are gecordingly Mah.



5 At cut edges and al any damage o e zine overlay caused by processing or other
influences, the galvanic coupling between the core material and the metaliic coating gives fise o
an aclve, unhindersd incel dissgigtion: of the coating material, which o e sepresents an
activation sits for cortosive deiamination of the organic barrier laysr. The phenomencn of pain

debuonding or of “blisterng” is ubserved sapecially at the cul edges, whers unhindered corrosion of
the lesy nobie cosling malenial takes place. The same appliss In pringiple fo the siles oo 8

companent gt which differsnd metallic malerials are jolned © one ancther diraclly by fpining
techniques: The local activation of such a “defect” {out edge, damags o the metallic coating, spot

welds) and thus the corrosive debonding of paint starting from these “defects” ars all the more
pronounced, the greatar the slectric polential difference betwesn the matals i direot comiact Good
resulls with regant to paint adhesion 2t cd edges are therefore offersd by stopt sitip having zine
coatings aloyed with more nobie metals, for sxampls chealioyed zine coatings (galvannesied

steel).
% Singe sfes! stip producers are increasingly making the transition o infegrating further

sorrosinn opglings, in partioular paint coatings, infe the strip processing system, in addiion to
surfave finishing with metaliic contings, there s an increased demand both thers and in the
oravesaing indusiry, particuiady i sutomobile manufacture, fur asticorrosion reginvents which
affectively provant the painl adnesion problems assovisted with Syt edgs sorrosion and contact
COTTOsin,

73 Varigus prefreatments which address the problem of edge profection are descrbed in the
grior gt The main strategy is that of improving the paint adhesion of the organic barrier fayer fo the
sirface-finished stest sirip,

181 The closest prior art is considered lo be the Gennay laidopern specitication DE1S733872
which contains & method for the akaling passivating prefrestment of gabanized and aiiay*
gaivanizad slest surfaces in alip processing systems. Thereln, the surfacedfiniehed siesl strip is
brought e contast with an alkaline freatmant agent confaining magnesium ions, ronliii) lons and
& sompisxing sgent At the pradefined gt of above 5.5, the zing surface is passivated s0 as to fonn
the antcorrosion layer. Accarding o the eaching of DE18733872, ¢ surface passivated in this way
miready offers paint adhesion comparable to hal of methods ussing nlcksl and cobalt. This
prafreatirent o improve the comrosion protection may oplionally be falfowad by further treatment
steps, such asg @ chromiunvfree post-passivation, beforg the paint system is applied. Howsver, §
hias been found that this pretreatment syster is unable o suppress i 2 saiisfactory manner the
dehonging of paint caused by corrosion at the cut edges.

{8 The object of the presant invantion is thevefore 1o provide & methed for pretreatiment of
galvanized and alloy-galvanized stesd swriaces which considerably improves, o comparison 1o the

™
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priar art; the debongding of paint proceeding from defests in the sing overlay on i stee! sty

particularly gt the cutedges.

101 This probiem has been solved by a melhod for metaiizing pretreatment of galvanized or
alloy-gaivanized steel surfaces, whareby the galvanized or sloy-galvanized stes! swrface is browght
inty contact with av aguecus agent {1} whose pH is not less than 2 and aot grester than 8,
characterized in that agent {1} conlains
{ay  cations andior compounds of & melal &), whith are selected fom walions angior
eompounds of ol it 3 concentration of at lsast Q.00 M,
by accelerators selected from oxaacids of phosphiorus and the salty thereof, whereby at least
ong phosphorus atom is present in 3 medium oxidation state,
whareby ron{il) lons andior rontll) compounds are ussd a8 cations andior compounds of matal
(A3, and the molar ratio of accelerators 1o the conpentiation of the rativns andice compounds of
matal (A} doss ot fall below the value of 1.8 and the redox potential Brese o the cations argiior
compounds of metal (&), measured on 8 metal electrods of metal (A} &t & predelermined process
temperalurs and consentation of cationy andfor compounds of metal (&) in he agussus agent {1,
s more anadic than the sleclrode potential g, of the galvardzed or alloy-galvanized steel surface
iy contact with an agueous agent {2, differing frony agent (1) only in thal i doss not confain any
cations andior compounds of matal (A

(1] The method sccording to the invention s sultable for all metel surfaces, for avample stes!
stip, andior joined metal components which consist at least parially aise of zine surfases. for
example automobile bodies. Preferance is glven lo the materal combination of fron-containing

surfaces and sinc surfaces.

{133 i the context of this invention, pretreatment refers o passivation by means of lnorganic
barrier layers {for example phosphating, chromating) of 1o & process slep preceding the paint
coating for the purpose of conditfoning the cleaned melal surface. Such @ conditioning of the
surface gives rise fo an improvemant incorosion prevention and paint ashesion for the entire laver
system resulling at the end of a process chain for comosion-preventing surface freatment. Fig.
summarizes typical process chains in the cantext of the present invention which draw particular
baneft front the pretreatment according to the Invention.

{131 The specifying designation of the pretregtment as “metalizing” 15 to be undersiond to mean
a pretreatmant process which directly brings about & metaliic deposition of melat vafions (A) on the
zine surface, wheraby, sfler the mstallizing pretreatment has taken placs, at least 50 a% of the
element (A} is present on the zing surfacs in the metaliic state according o the analysis method
defined in the sxample poriion of this applicstion.



1341 According o the wvention, the redox polents! Breswe B msasurad directly i thee agent {1}
oy & iatal slectrode of the wetal (A with reapect to o commerciat standard referance electrods, for
sxample 3 siiverisiber chioride slectrode. For example, It an slectrochemical measunng chain of

thafollowing s

Eoger 10 Vol &g 7 &GCH 1M KOUH restal{d} f M1
whare g 7 AgUH 1M KCH= B 2388 V with respect o a standard hydrogen slecirade (SHE)
whave M1} dengles the agsnt (1) accocding o He invenlfian confaining cations andior

campounds of the metal (A}

48 The sams applies o he ciecirads polentinl Ex which s determined on & zing elechods in
e agunt {33, the ister differing from the agestt (1) only by the absencs of the oalions gndior
sompounds of e melal (A}, with respect {0 a commeartal standard reference slaotrode;

Bz v Vol Ag P AR IRERCHT Zad M2}

B8l The method acooniing o the dnvenlion & sow characterized in thet & melafizing
prefreatment of the zige surlace i parforned when the radox potentiat B, 16 miors anodic thas
the slectinde pofential Bz, This is the case whan BrewaeBae ® B

47 The potential difference of redox polentisl Breser 800 shenlrede potential £z aonoeding o
fhe above definitions s ip be regarded as the slecthomotive foroe {BMPY, that iy 10 say as the
thermodynamic driving force for the currentiess metallizing prefreatmant. The sleciromotive tarce
(EMF) sorrsaponds here 1o an slsctrochamical measuring chaln of the following ype:

Zrd MR I matalld) FRD
whare M{1) denotes the agent (1) containing cations andior compounds of the metal (&) and
whare M{Z} dencies the agant {2) which differs from M1} andy inthel # doss mat conlain any

gations andlor compounds of the metal (8},

18] Fox the method acoording o the tovention, §is advaniagscus i the redle potential Brage of
the calions andhor compounds of the soetal (A in the sgueony agent (1) & move anodie than the
sleotriy potential By, of the zine surface in contact with the aqueous agent {2} by al isast +80 mV,
graferably ot least + 100 mV and particuiarly preferably af least +300 oV, Dit at most +830 ;v I
the EMF io less than 80wV, sufficient mslalization of the galvanized surface may not be

achivved within echpically refovant conlest times, so that in 2 subseguent passhvaling conversion
fraatment the melal overlay of the melal (&) I8 complstely removed from the galvanized surface
and the sffect of the pretreatment & thus canceied. Convarsely, an excessively high EMF of mors
than +880 mV may jead within shor padeds of time i complele gnd massele coverage of the



galvanzed surface with the metal (&), so that in & subseqguent convarsion reatment He desirsd
formation of an inorganic cormosion-praventing and adhesion-promoting layer is prevented ar at

ieast hindered.

{181 it has besn found that the metalization is padicuiarly effective when the concentration of
cations andior compounds of the metal (A} & al least D.OT M but doss nol excesd 0.8 M, praferably
.18

[20]  Further cations andior compounds of & metal which acoording 1o the wetreatment ave
deposited in the metailic stats onlo the galvanized surface may e contgined and are selected from
Lations andior compounds of molybdenum, fungsien, cobalt, nickel, lead, andior tin, As rondll) lons
andior rondlly compounds, use may be made for example of rondl) sulfete Compared o the
suffate, the arganic salts ron{ll} lactate andfor ironlil) gluconate are parlicularly prefarred dus

the fower corrpsivenese of the andong as 3 source fordrontdl) cations.

21} ¥ additionally melals according o the aforementioned selection ars present in the agent
{1} then the redox potantial Ene of the metal (A) must be determined individually and in the
absence of the respactive other metals in the aqusous agant

{82} However, paricular prefersnce iv give to those agents (1) which contain only cations
andior compounds of the metal (A} and thus no cations andior compounds of the glorementionss
salection of melals,

£

123 According to the invention, those cations andior compounds of the melal (&) wre present
which iy the agent {1) both satisfy the condifion for the electomutive forne (EMF) as desaribed
above and also have @ standard potsntial E‘E’m of the melgl (&) which s more cathodic than the
norma potestinl B, of the standard hydrogen slectrode {SHE} whersby the standard petential
e of the metat (&) js besad on the saversible redox reaction Ma® - ¥e™ ¢ n & b an sousous

solution of the melal cation Me™ with the sctivity 1 8l 28°C.

4] If this second condition fs not salisfisd, then possivalion layers which

homogeneous and have more defacts ars formed in a conversion reatment foliowing the method
according to the invention dus o redured piokiing rates of the subsiate surtace. In the exireme
case, the passivaling conversion of the substrate surface pretreates in the method according to the
invention s not carded oul in the subsequent method step. The same applies to an organic coating
which directly foliows the pretreatvent according to the invention and which 5 based on 2 selt-
deposition process initisted by the pickling altack of the substrate (autophoredic dip coatng,
abbravigtad: AC for “Autodepositable Coating™.

45



28] i the pretreaiment method according o the invenlion, acosiarators having & reduging
sifact are added o the agquecus agent (1) n-odey to inpreass the rate of depcsition of the cations
antior compounds of the melal {&), that is io say the melullization of the galvanized or aliay-
galvanized surface. As possitie acoslerators, mantion may be made of oxoscids of phosphorus
and the salts thereof wihereby &t least one phasphorus alomt must be prasent & & medien
axidation stafe. Such gcoeierastors are for xample hypophosphuric acld, hypodiphosphonie acil,
diphasphorindfl, Vi acia, phosphonie aoid, dighosphonic aod and parlicularly preferably phosabinia
agid, and the salls hereof

1361 idse may also be made of acosleratons which gre kaowr v the person skified in the at
from the prior art in phosphating. Besides thel reducing wroperties, these alsa have depolarizing
proparties, that is ko sy they act &5 hydimgen scavengss and Hhus additionglly promole the
mstalization of the galbvanized steet swfsses These inclie bhydragine, hydroxylamine,

nifroguanidine, Nemathylimorphofine Neoxide, glucoheptonate, ascorbic acid and reduning sugars.

{271 The molar ratio of suceierators o the concentration of the sativns andfyr sompaunds of the
metal (&) in the aqueocus agant {1} is preferably no grealer than &1, particulady preferably no
greater than U1,

A +

[28]  The sgueous agent {1} in the methad according to the invention may optionally additionally
cormtain small amounts of coroerih cations, which can lkewise be deposiied as maksls on the
galvardzed surface simulianesuslywith the cations andicr compounds of the metal (&), Howeawer, §
should be noled hers that no massive, almost complate surfacenovering cemantation of copper
oeewrs since othenwise a subsequent convarsion trealment is completely suppressad andior the
paint adhesion s considerably impaired. The aguecus agent (1) shouwld therslfors addtionally

contain no move than 50 ppm, preferably no more than 10 ppm, but af least 8.1 ppm coppes(ily
pations.

(28] in addition, the anuesous agent {1) for the melalizing pratreatmant may additionally sontain
surfactanis which are able fo remove impurifies from e metaliic surfave withowl themselves
inhibiting the surface due to the formation of compact adsorbate layers for the metaliization. For
this purpose, use may praferably be made of nor-lonic surfactands having averags HLE values of

=t feast 8 and st most 14,

{230 Since cativns andior compounds of bonll} can be used for the pretreatmsnt method
gccording o the invenlion, the pH of the aovenus agentis no less than 2 and no grester than 8,
prefarably no greatar than 4, i ouder on the ong hand o pravent overplckiing of the galvanized
stesl surface at fow oM vsluse, since s nhibls the msiallization of the surfgcs, and onvthe athey

hand ko ensure the slahilily of the ronllh jons inthe satment sodudion,

33
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317 For stabifization purposss, the realment solution containing fonllly may aiso conlaln
chafaling complexing agenis having owygen andior nitrogen igands Such & treatment soliation js
additionally suitable for increasing the EMF for the metalization sincs ronfll) ons are less strangly
somplexed by such ligands than singtll) lons. Incregsing the BRMF by adding vomplexing sgents is
important for sefablishing @ shorter duration of trsatment and an optimal ron coverage of the
gabanized surfase.

132} Aschedsting compledng agents, mention meay be made sspecially of thosa ssieoted from
fristhanoclaming, digthanclamine, monpethanolaming, mensisepropanoianing,
aminosthylethanolaming, T-amingd.3 4.5 8-pentahydroxyherang,  N-lhydroyyathylsttndens-
disrsinetiacetic ackd, ofyvienediamivetotrascelis aud, diethwienetriamingpeniagosiic ackl, 1.2
dlarminopropanatelrascetic agid, 1 3-diaminoprspanetetrascetic gold, tartary sdid, factic aad, mucke
achd, gafiic acid, gluconic avid, andior glucohaptonio acld, and salfs and sleresisomere thersof, as
well as sorbiiol, glucnse, and glwaming, and sisracisomas thereol

P2

One parfitulary offectve fomuistion of the agueocus asgent {1} conlgining the

kS >\x‘\§

aforementionad comiplexing agenta i obfained with & muoldr ralio of chelating complsxing agenta io
the concentration of cations andior compounds of divalent iron of ng greater than 511, preferably no
greater than 1, bat of at least 1.8 NMolar ratios ey than 1.8 resull in pnly nsignificant changes
I the ENF for the melsilization. The same applies o molar ratios higher than 503, at which 2 high
propoction of free complexing sgant s prasent, 50 thet the BMFE for the melalization semains
aimost unaffected and the resull is.an unseonamical procedurs.

3] Use is glsn made of water-soluble andior watendispersible polymeric complexing agets
having oxygen andior nitrogen ligands based on Mannich addition products of polyving! phiengls
with formaldehyde and sliphatic amino aloohols. Sush polymers are desonbed in detall iy the
patent UR § 298,288 and gre hereby included as compiening polymaer gompounds acvonding Wy ihe
invertion. Pariouiatly sullabls are walersoiubis andior walerdisparsitie polymeric complaxing
agerds which are compossd of x<N-RN-Fiaminomethyl-4-hydroxystyrens  monamsr golis,

&

whare the substitution site ¥ on the sromatisting B o2 20 3 Sor & R s gn alkyl group having no
more than 4 carbon atoms, and BY v 2 substituent of gereral sum formula MICHOM), O, having
& nurober moof hydrorymeinyiene groups of ne morg Han § and no lese than 3. PolySvinyhds
fpdrony-Rebenzyi-Neglucaming) s psad with particidar praferance dug o 8 excellent complaxing

sifact

38 In & manner analogous o the complesing of ronfil) lons with fow-maisciier somplexing
agents, fx the polymeris compounds & molar ratie of chelaling complexing agents, defined as tha
ooncentration of Mmoncmer units of the watsr-soluble andior water-dispersible polymetic caompound

hac]



fo the concantration of cations andior conwpounds of e melal (A}, of no greater than 511,
preferably no gregter than 301, Bt of &t least 1.5 s pardicularly effestiva.

138} For the pratreaiment method sccording 1o e invention which is part of the process chain
of surface treatment of galvanized andior alloy-gaivanized stes! surfaces, the appiication methods
customary in strip stee! produntion and strip stee! finishing sre practical. These Include iy particular
divping and soraying methods. However, the cootact time or pratrsatment me with the aqueous
agant {1} should be alleast 1 second but no longer than 30 seconds, preferably nolonger than 18
seconds, Within thls contact tims, wherr the msthod is carried oul aocording o the invention, this
results in metallic coatings of the metsl (&) with 3 faver overtay of prefarably at least 1 mgim® but
preferably no more than 100 my/nd and panictlarly preferably no mare than 50 mgind’. In the
contexd of the present inventinn, the metallic fayer overlay iy defined as the amount of the slement
{&] by weight refative {o ares on the gaivanized or alioy-galvanizsd steel surface immediately after

fhe prefregiment according o ihe nvantion,
f371 Both the prefacred conlact times and layer ovarlays and also the preferrsd application
methods fkewise apply 1o the prelrsaiment sccording o the investion of components sssembled

from multiple melsilic malerials, in so far as they have af least patially sine surfaces.

sres

138] The subject matier of the present dnvention also ingludes those sombingtions of alioy-
galvanized stea! surfaces and aousous agents (1) v which a0 alioy component of the galvanized
sleel surface B the same slement (&) as the metal {A) in the form of is calions andior compounds
1 the aguecus agent (1), For example, flame-galvanized Galvanneatled™ fine metal shest meay also
be pretreated according o the inventon with an agent {1} containing won lons, with the
conseguencs that siiohlly improved seerosian propetiies and delamination propsriies are ohigined

i & subsequent applivation of anlicorresion layers,

{387 The pradresiment methnd sctonding o the Imvantion & talived o the dowristrsam progess
steps of surface treatment of galvanized andior sfioy-galvanized sleel suaces with regerd fo
optimized corrosion protection and excslient gaint adhesion, particudarly at ouf sdges, surface
defects and melsl contacts. Conssquently, the present lovention encompasses varous
afferreatment processes, thal i o say conversion coalings and paint coatings, which in
conjunciion with thy weieaimant desoiitied above deliverthe desived results n terms of corrosion
protection. Fig. 1 dlustiales various process chaing, fo which prefersnce is given it the context of
the present invention, for the anticorrasion coating of mataliic surfaces in aulpmobile production,
which processes are slaned 8s sarly as &t the stes! production plant ol indusiny™ and ams
sontinued vihe paint shop of the automoblie manufacturer

o



{401 o o futther aspegt thersfors, the invantion selates to the production of & passivating
conversion conting on the metaliiced pretrested galvanized andity alfoy-gaivanized stsel surface
with ar without an intermediale rinsing andior drying step (Fig. 1, method Hia).

[41] To this end, yse may be made of & conversion solution which contains chromium arwhich
o praferably free of chromipm. Preferred conversion sodutions with whish the metal surfaces
pretreated ascording to the present invention san be treated poor to the application of 2 permansnt
erganie anticonosion coating caw e found in DE 188 33 084 and v the Hersture ciled theradn,
According fo this teaching, spant from hexaflunic anions of T, & andior &b, @ chvomiume-fres
squaous conversinn agent may contain e following ae further aclive ingredients: phosphorio agid,
SN O more sompounds of To, ML Y, Fe, Mo, Mo or W, 2 waler-soluble or waler-disparsible fim-
forming organic polymer o copolymier, and avganophosphonic aoids which Seve complsxing
propartiss. A delalled i of organic fofonming polymens whith may be contained in the
aforementivned conversion solutions is given on page 4, ines 17 1o 38 of said dosument.

M2 Thereaher, said document discloses & very exlensive list of camplesing srganophasphonis
acids a3 further possible cotmponasts of the conversion solations. Specifis svampiss of these
copiponenis can be ound in said document DE 188 23 684,

[43]  Water-soluble anditr water-dispersible polymeric complexing agenty having oxygen andior
pitrogen figands basad on Mannieh addifion producte of polyvingd phenals with formaldenyde and
gliphatic amine glcohols may also be present. Such polymers are disclosed in the paterg US
§,298,288

{44} The process paremsters fora convarsion fregtment in the context of this inventior, such ay
for example reatmant temperature, froatmant duration and contact e, greto he selsciad in sueh
& way that & conversion layer is prodused which has, per m® of surface, ot lsast 0.08, pr eferably at
mast R, but no more than 3.5, preferably o more tan 3.0 and particulatly preferadly w morg
than 1.0 mmol of the melal M whith Is the essantial pomponent of the conversion solulion,
Examples of metale Moare Orlil, B, 81, T4 &, B The densily of covarage of the aine surface with
the metal M may be determined for example by an Xy fuorescente methag,

M8 in ope particuler aspeot of 2 msthod (e} according to the inventioy, which comprises a
convarsion reatment following the metallizing prefreatment, the chromium-free conversion agent
additionally containg copper lons. The modar ratio of metal atoma M selected from zitconium andior
Maniun 1o copper aloms in such 2 conversion agent is preferabiy selested in such a way that i
praduces a conversion layer confaining at isast ©.1, preferably at least 03, it no more Han
< mmotof coppsr.

i3
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(48

The present invention thus also relstes 1o @ method (g} which comprises the following
process steps including the metaliicing pretreatment and & conversion treatment of the galvanized
andfor ailop-gaivanized stest surfany
§ optiong! cleaning/degreasing of the-surface of the materigl
# mslalicing pretrestment with an agusous agent {1} according fo the prasent invention
#y  optional rinsing andfor drying step
Wy chromium{Vikdres conversion treatmant v which 2 conversion fayer & produced which
sontaing, per m of sufacs, 008 1o 3.5 mmol of the metal M which is the sssential
componant of the conversion solulion, the retals M being ssiscdted fons Crgill), B, 8L T
Zr #

7] As an altemalive v 2 methad {Ha), inwhich the melsllizing pretrestment is foliowsd by &
sonversion beatment fo form a hin amorphogs norganic costing, 8 s alep possibie to uss 2
mathod (Fig 1. 1B inowhich the metalization asvcording fo the invention is followad by 2 zing
phosphating to form & arysialiine phosphate layer with a preferred layer weight of no fess than
3@m® According to the present invention, however, preference is given to @ method (la) on
account of the much lowsr process compiaity and the considerabls inprovement iy corrosion
profection of cotyersion kayers on galvanized suwfaces ehuch have been previously freated By

metailication.

48] Fusthermorg, the metallizing prstrestment and the subseguent conversion featment are
usualy foliowed by furthar mathod steps for applying additional layers, in pariicular organio paints
of paint systems {Fig. 1, methods H2).

48] in @ furlher aspect, therefore, the present invention relates to a method (4} which exiends

the process chain (v} of the methiod (), whereby an crganic coating agent {1) is appiied which

Sonfeing grganic resin components dissolvad or dispersed in an organic solvant Or solvent mixture,

characterized in that the coating agent (1) containg &l least thy following organis resin companenty;

& spoxy resin, in e o of @ hydroxyl group-containing polysther, based on & bisphenoh
spichicrohydrin podvestdensation product,

o
s

Blocked afiphatis polyisocvanats,

unbiocked alphatic polyisooyanate,

£2

PSSR S

al least one reaction component saiscted from hydroxyl group-containing polyesters ang
hydroxy! group-containing poly{methiacrylates.

{501  Component 8} s 2 fully reacted polycondensation product of epichisrohydrin and &
bisphanol. i essentially has ne more epoxy groups as reactive groups. The polymer is ther in the
form of & hydroxyt growp-containing palvether which, via these hydroxyl groups, can anfer into
orossiinking reactions with polyisoeyanates for example.

10



511 Ths bisphenal component of this polymer may for example e sefected from bisphenol A
and bisphenol ¥ The average molecuiar weight {according fo the manufachurer’s data, able Yo be
determinad for sxample by gel permestion shromatography) is preferably in the range from 20,000
o 80,000, In particuiar in the range oy 30,000 fo 50,000, The OH number is prefarably in the
range from 170 o 210 and in particular in the range from 180 to 200, Particular preference is given
o polymers having & hydroxyt content, based oo the ester resin, iy the range from & o 7% by
weight.

1821  The aliphatic polyisccyanates b} and ¢} are based preferably on HOL, in padicylar on HDY

trimer. As the blocking agent in the blocked sliphatic polyisocyanats b}, use may be made of the

usual polylsocyanate blocking agents. The following may be mentionad by way of example:
butenone  oxime,  dimethyipyrazede,  malfonic  ester,  disopropylamineimalonic ester,
disopropviaminetnazele and soaprolactam. Prefergbly, 8 combination of malonic ester and

diisapropyiaming s ysed as the blocking agent.

{83]  The content of bincksd NCCQ groups in component §) &s preferably in the range from 8 o

10% by weight, 0t partioular i the range from 85 fo 8.5% by weight. The squivalent weight is

preferably in the range from 350 to 800, in particudar in the rangs from 450 to 500 gimal

[B4]  The unblocked aliphatic polyisocyanate ¢} preferably has an equivaient weight in the rangs
from 200 to 250 g/mol and an NGO content i the rangs from 18 fo 23% by weight. By way of
example. an aliphalic polyiscovanale may be sedacted which has an squivalent waight in the range
frams 200 to 230 g/mod, in paricuiar in the range Tom 210 o 220 gimpl, and an NCO content in the
sange from 18 to 22% by weight praferably in the range from 18 fo 31% by waight Another
suifable abphatic polvisocyanats has for example an equivalent weight in the vange from 230 w
250 gimul, i perticdar in the range from 230 to 240 g/mul, and an NCO content in the rangs fram
15 e 20% Ly wekght, prefaably in the range fome 18.8 fo 103 by welghl Bach of these
aforamentionsd gliphatic polyisocvanates may constitule component ¢}, Howsvar, 3 miviure of
these two polyisocyanates may slso be present as componant o) H & wmiklure of the two
aforamentioned  polylsocyanales is used, then the gquantity ratic of the frst-mentioned
poivisocyanate 1o the lastmantionsd poivisocyanate for componant ©) is mweferably in the rangs
from 17 o v

i85] Component d) i selected fram hdroxgt group-cordanng polyasters ard hydroxy! group-
sonfaining poluimethisorviates. By way of svanple, use may be made of & hydroxyl group-
sontaining pelyimatihhaciylate having an acld number in the range fromy 3 10 13 In particudan in e
rangs fram 4 1o % mg KOG The hydroxy! group content ia preferably in the range from 1 5 8 and

1



in particuiar i the range fom 2 to 45 by weight The squivalent weight is prefarably in the range

S

fromy SO0 S0 73, in particuiar in the range from 880 o 800 gimeol

{88} ¥ a hydroxy! group-coniaining polyester & used as componant d), then a branched
polyester having an squivalant weight in the range from 200 © 300, Iy particular i the range from
340 o 280 gimot may be selected for this. Also sullable, for exampls, & & waakly Wanchad

wolvester having an equivalent welght in the range from 300 fo 80T, In particular in the range fom
35C o 480 rmel. These different types of polysstar may oach per se of @ & mixture form
somponent d) OF course, component d) could also be 2 mivurg of hydroxyl group-sontaining
polyestars and hydroxy! groupecontatning poly{metiacrylates.

{871 The conting agent {1} in the method {1} according fo the mvention thus confaing both a
Hooked afiphalic polyisocyanate b and also @ unblocked giphatie polvistwyanzle <) The
Hyrroxyl group-containing companents &) and d} are avallable a5 potential reaction components fur
these two types of polvisocyanate. By possitds reaction of aach of components 8} and o) with sach
of components bl and ¢}, 8 complay polymer nedwork of polyurethanes Js formed during the curing

X

of the agent {2} In addiipn, ¥ hydrowyl geoup-cordaining polpimethjacryiates wre used as

)

conponst &), kirther croastinkages may oocur via the dosbls bonds of thess companents. Fnet it
the double bonds of the polyimethiasrylates crosglink dunng the curing, then double bondy prasent
at the surface in parficular may bring about improved adhesion o & subsequently applied paint
the {atter alse containg componants having polymerizable double bonds. Fron this point of view,
i opreferred that component df consists 2t least patially of hudroxyd grospecondaining

polvimethiacryiates,

1581 Durng the curing of the coating agsnt {17 iy the method {1} scowding fo the fovention, itls
o be sxpected that first {he unbincked gliphatic polysogyanaie ) reacts with one o both of
componsits ®) and d) i the hydrowyt groups of component ) are more reactive than thoss of
cuvaponet &), then g reaction of componard ¢ with component o) praferably takes plase first
during the Luring.

1581 i contrast, the blocked aliphatic pobdsocyanats b} reacts with one or badh of components
& and 4 ooly onos thy debipoking lemperalure s reached. Then only those of the reaction
oantners g and i hwhich hove Towar reastive OH grouns ae gvaliable Tor pobrursthans formation
For the polyurethane nelwork being formed, this means for example thal, when the OH groups of
componenl &) 90e leas reaviive than those of component ), two pohursthans nelvorks arne erasted
fromy the reaction of componants o) and dhon the ong hand and of componsnts 8} and k) onthe
ather hang,

fut



{88} The coatling agent {1} in the mathod (8 according fo the invention contains components 8
and b} on the ong hand and o} and ¢} on the other hand praferabiy in the following relative weight
ratios:
by = 108 11138

chedy = Bt b3

€11 Components 2} and ) on the one handt and & and ¢} on the oftver hand are preferably
present iy the oflowing relative weight ratio.

abdl = 12 10 18 and {praferably 13 fo 1§

ter = 108 18 {preferable 101 o 1530

82 Preferrad absolite guantily rangss of the aforemrentionsd four componaniy &) 4o ) are
specified further below since thase depend on the density of sonduciive pigmenis which are
oplionally present (Fig. 1, method Hi) The coating agent (1) prefarably containg, I addition fo
semptnents &) toed), o conductive pigmant or @ mistire of conduntivs pigmeants. Thess may have 8
relatively fow densily, such as carbon black and graphite for example, or @ relatively high density,
such as metaiic on for exampla. The absolute content of conductive pigments in the soating
agant {1} depends on he density of said pigments since the sffuct as conductive pigment depends
tmaw on the proportion by waight than on the proportion by voiume of the conductive pigment in the
surad goating.

B3 I general, the costing agent {1} containg, based on the fotal waight of the agent, (08
81 0% by weight of conductive pigment, whate p is the denaity of the conductive pigment ar the
average density of the mixturs of conductive pigments in giom®. The coating agsnt (1) preferably
consains, based on its total weight, (2 to 8} 0% by weight of conductive pigmant.

&4t By way of example, this maans: i the coating ageat {1} conteing a8 the conductive pigmant
only graphity having a dansity of 2.8 glons®, thew ¢ preferably contains at least 1.7, in particular &
teast 4.4% by weight and preferably no mors than 17.8, in particuler no more than 13.2% by weight
of graphite. If ron powder baving 2 dersity of 7.8 gfom® is used as the aole conductive pigment,
then the coating sgent {1} containg, based o its total weaight, praferably at isast 852, in particular
at laast 15.8% by wsight and no miore than 83.2, in pariicular no more than 47.4% b,z weight. The
propartions by waight are caloulsted in @ corresponding manner when the canductive pigmant used
i for sxample solely Mo®; having a density of 4.8 glem®, aluntnum havir ing & density of 2.7 gion?®
or zing having @ dansity of 7.1 glon®,

{88 Howsver, o favorable combinatios of properties may be oidained i the snating agsmt O

containe not just one single conduntive pigment but rather 2 mixture of &b iBast two conductive
pigments, which then preferably differ graatly in terms of thegr densly. By way of sxample, use may

13



be mads of 2 mibture it which He fesd midure parleer fo 2 Hoht conductive pigment, sush-as for

sxample carbon black, graphite or sluminug, and Hie second pwtner of the middurs s & haavy
conductive pigmant, such as for sxample zing or ron. In these cases, the average density of the
mixture, which Can be cakouiated from the pragortinns by weight of the components i the mikiurs

and from their respective density, Is used for the density & in the formula mentionsd above.

e Accordingly, one specisl embodiment of & coating asgent {1} in the method (i) B
sharacterized in that # contains bath & conductive pigrment having a density of fess than 3 giom®
and also @ conductive plament having a density of greater fian 4 giom’, wherein the total amuaust
of conductive pigmant, based on the tolal weight of e agent {3}, s (08 {o 8) p% by weight, where

2

& s the average densily of the miklurs of the conduriives pigryenis in glom”™

{87 By weyof example, the coating agent {1may condain gs the conductive pigment a mixture
of carbon Diack of graphile on the one hand and ron powdsr on the other hand. in s case, the
weight ratios of carbon back andior graphife on e ong band and ron on the ather hand may by in

the range from 101 10 110, ip particuler inthe ranges from B0S W 1.2

Eata The costing agent (1) may alss contaln sluminum Nakes, graphite andior carbon Plack 2y
the gt electicaly conduntive pigment. Proference iy given & the use of graphite andior cacbay
black. Carbon black and parlicidarly graphite not only ghee dise fo an sleciric candustivity of the
coating oblsined bul alse conirbule toward s layer having @ desired low Mohs hardness of no
more than 4 and being readily able & be shapsd. In particuiarn, the lubricant-effect of graphite
gentributes fowand reduced wear on the shaping tools. This effect can be further sromoted iy
sdditionally using pigments which have & lubnceting sffsct such as molybderum sulfide for
example. As further lubricants o shaping aids, ths coating agent 1) may vontain waxes andior
Tefon.

{B9]  The elecideally consluctive pigroent baving & speudlic weight of at most 3 glont msy be in
tha foom of smal besds o gggregates of such boads, i this coxe. ¥ s prefered that the beads ot
the agoregates of these beads have a lameter of foss than 2um. Proferably, howsver, thess
alectically condustive plgments are in the form of fakes having & hickness of preferably less S
S

78]  The coating agent (1} in the methad () asccording to the nvention condains ot least the
resin components and solvents described above, The resin components a) fo 4} are usually in the

ooy of solutions o dispersiong in organic solvents i thels commercial form. The conting sgent i
prepared thevelrom then kewiss containg thess solvents.



e These are desirable in order o astaldish a viscoxily that makas it possible & apply the
coating agent {110 the sulstrate by the coll vuating method, despite the additional presence sithe
glactrically vonductive pigment such a8 graphite for avample and optionally further pigments sueh
as, in parBoulsr, anficorresion ploments. I necessary. solvert may additionally be added. The
chamical nature of the solvents is usnally detorminedt by the cholos of raw materials contained i
e solvent in question. By way of example, the following may be present as sobantiel
cyclonexanone, diavelone alvohel, disthyieng givoo! monchudy ether acelate, diethviens glyes!,
propvieng givodl mathyl sther, propylens glvce! avbudy siher, methoxypropyl acelate, o-baty

colate, xyleng, gleeric acid dimethyt ester, adipie goid dimatngl ssfsd andier siwanic acld
dimethyd aster

T8} The prefered proporiion of solventis) on the ane hand and of organic rasin components on
the gther hand inthe coaling agerd {1} depends, when exprassed it % by weight, on the proporiion

of ponductive wgment it % by weight in the costing agent {1} The higher the density of the

condiuctive pigment, the higher the preferred propartion by wasgﬁt thersol in the fotal coating agent

(1) and the ower the proporions by weight of saiverd{st and resin companants. The preferrsd
proportions by weight of suiventis) and resin components therelore depend on the density p of the

conuctive pigmant used andior on the average density p mirkure of conductiva pigments.

1731 iy general, the coating agent {1} in the mathod (1Y) sccording & the invantion praferaldy
condaing, pased an the tial walght of the sosting agent {1}, {125 588y Biting Tacl ¥ by weight,
preferably {38 o 58) fitting fastorfi by welght arganie solvent and [{20 fo 483 fitting Tector by
waighl, preferably {25 10 40) Sting Tacion? by welght Grganie reginy cOmpaonents, whare fhe sum of
the perventages by weight of organic resin companent and saivent s no greater than [93 Hing
factorf® by weight, prefarably no grester than [87 ftling factorl®h by weight, and the Hlting factor &
{100-2 8p 82 A8 and p is the density of the conductive pigment or the average density of the
mixture of conductive pigments in glem®,

£743 With regard o the individual resin companent &), preferatiy the coating agent {1) contains,
bgsed on the tofal waight of the costing agent {1}, K3 o 8} fitting factorft by weight, preferably [(3
i &) ftting facter by waight of the msin componant &), where the fsttmgs factor fe 1002 8] 03 88
and g is the density of the canductive pigment or the sverags densily of the mikture of conductive
sigments it glem®. The prefarred gquantities of the resin coviponents b fo d) in he coating agent
{1} can be caloulated from the guantity of resin component 4} using the preferrsd quantity ratios of
the indwvidust resin components spacified above. By way of example, the proportion of component
B} in the tolsl waight of the coaling agent mey te {2 % fitting fastae ¥ by weight, prefevably {{3
W 6) fling facturPh by waight the propoetion of resin components ¢} may be {4 o 18) #%y

factort® by weight, preferably I8 o 12) Hiting oot by weighl, and the prosorfion of resin
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cumponents df may be {7 to 30 fiting facterd™ by weight, preferably {10 1o 28} Niing factoriie by
weight. The "fiting factay™ has the meaning given above.

8] i o also prefored that the layer b andiionally confaing corrosicr: inhibifors andiar
anticorosion pigments. Use may be made here of corrosion inhibilors or anticonrasion pigments
which are known fior this purpsse in the prioe 8t The followdng may be menloned by way of
sxample magnssium oxids plgments, it partionhar I nanoscale form, fingly divided and very Basly
divided barium sulfsle or antosrosion pigments bassd on calchum sificate. The prefered
propostion Iy welght of the anticomrasion pigmen®s in the folal weight of the costing sgent {1} anee
again depends on the density of the anticorrosion pigments used. The costing agerd (1) in e
mathod (1) sccording 1o the invention praderably soentains, hased on the total weight of the coating
agent, {5 fo 28 fting factorBh by weight, io partioular {10 o 20} fiting fecteri®% by welght
antonmresion pgrment, where the fiting factor is [100-2.8p183.85 and p i the dansity of the
sonductive pigment or the averags density of the mixiure of conductive pigments I glom®,

{781 The mechanical and chemvicat progerties of the coating oblalved afer baking the voating
agent {1} in the method (1) sccording o the bvention may be further improved I said coating
additionally contains $lers. By way of sxample, these may be salecled from silicic acids or silioon
oxides {optiorsily hydrophobiczad), sluminum oxides {inckiding basie aluminem oxide), Hanlum
gioside and barium sulfate. With regard fo the preferred amounts thereof, the coaling agent {h)
cortaing 101 fo 3} fiting faoke ¥ by welght, preferably {04 to 3) Biing factor(% by weight filler,
selected frony siiiniy acids andicr slficon oxides, aluminum oxides, Henium dioxide and banum
sulfate, where the fitting factor jo TINE2 2l 83 A% and p s the &eznaériy of the conductive pigment or
the average density of the mixture of conductive pigments In giom®

77 I fubricants or shaping aids ars addtionally alse weed, then the cosling agent {1) contalns,
based on s folal weight, lubricants or shaping aids, praferably ssizoled from waxas, molybdenum
suifide and Teffon, preferably ivan amount of {05t 20 Milfleny faton], by partioiar i oo sount of
Y 10 10) ftting factonl® by waight, whers the Siing factor is [100-2 85183.85 and pis the denshy
of the conduative pigment o the average devsity of the midure of conductive pigments in glont®,

178} The method 0 according to the invention, which alsocomprises the apdivation of organia
paints, thuy consisle of the following process chain:

i optional cleaning/degreasing of the surface of the material

i melalizing pretregtment with an agqueous agent (1) according o the prasent invantion

B sploaa dnsing andior drying step

Wy ghmmviam{\ﬂ}wfma somearsion eabvent, inowhich 8 conversion layer iy produced which

~\

confaing, per et of surface, 001 o 0.7 mmpl of the metal B which 5 the essentigl



component of the convarsion solulion, the melals M being sefected fom ©
i Hf
¥y optiong! dnsing andioninying steg

v}  coslting with 8 cosling sgent {1} sccording o the above description and cwing &t &
substrale lampemaiure i the range fom 1230 0 380
TTC

SO0, preferably in e range fom 16010

P8E Al sleps -
the Hguid costing agent {1) & applied b sush an amount that after curing, the desired layer

& sve proferabdy carisd oul sy el beatment meihez«:&&, wihareby in stap (6

thickness in e ange fom 05 o 1 o oitained. Prefeably, thereforg, the costing agent (114
applied in the soecalled toll coating method, In whikch moving metal sivips are cosled continuousiy.
Thecoating agent {1) may bs applied by diffetant methods, whith ars commas i the grior gt By
way of example, appiicator wilers may by toad, With which the desired wed il thickness can be
set directly. Alternatively, the metal sirp may be dipped info tha conting agent {1} or sprayed with
the coating agant {1}, after which the desired wet #im thickness s sstatdishe tﬁ with the akd of

sgueeze rofiers,

B0 Vhen costing mslal stips which bave besn slechoivtioaly ooaled o meldip-costed
snmedistely beforehand with a madal ovsdley, for example with sine or zive alloys, then itis nd
necessary 1o clean the relel swfscey prior fo sanying out the metalizing mretreatment {ii

Howevar, i the metal strips have ahready been stored and in paertivuler Peateg with antivorrasion

olig, thena cleaning step {i} is necessary before carnving out slep (4.

(B After applving the lineid coating agant {1) in step (v, e conled shaat is healed o the
saquired drying andior crosslinking fomperature for the organic coating. The healing of the coated
substrats fo the required substrale lemperature {"peak metal lamperature” = THMP) in the range
from 120 to 280°C, prefarably in the range from 180 o 170°C, may eke place v 2 heuted
coniinuous furnace. Howasver, the reatment agent may alse ba brought o the apprpiate drying
andior orosslinking femperaturs by infrared radiation, in parlicular by nessinfarsd radiation,

HO i gutomobile mansdaching, melsd sheely precoated in iy way sre sultably oul o e
and shaped inorder i produse vehicls bodies. The assembisd companant o the assembled rough
body oonsequently has unprotecied oul edges which mus! additionally be reated o profect agalnst
carrosion. & the so-nalled "paint shog’, theraforg, g further anticorrosion eatment takes place and
witimately the paint siruchrs typioel of an automotile s implemeantsd.

831 ina further aspedt, tharefore, the prasent invention ralales o & method {1} which axtands
the pracess chain (i} of the methad {1}, whereby et 2 orysialine phosphate fayer s deposited
o the exposed metal surfaces, i particuize on e cul edges, It order Hen 1 implament o fngl



sorrosion protection, in particulsr protection against delaminalion of the paint system at the ot
gdges, by means of ip cogling: i the first coating In the method (1) with an crgankl onaling agend
1) feads tooa conduciive ooaling, the enlive melailic component including the phosphated sut

ecég&a and the surfaces firs! coated In the method (1) may be slecirodip-coated (Fig. 1, melhod

i), I the conductivily of the first coating I nsufficient, then anly the phosphated ot edges are

slacto-dipostad, without any further palnt stucture belng implementsd o the firstcoated
153

surfaces. The same applies when the cul sdges are not phosphated but are conted with a ssit
depnsiting dip coating (AT} {Fig. 1, mathad IVe). However, the present invantion is charactarized in

fsat fhe Zing swriaces profrested by metalizing according fo the ihvention are exvellent at
suppressing edge corrosion it paticuler. Therefore, v 3 process chain according fo the invention
which comprises he glesho-dip-ooating (RTL, ATL in he method (V) and the ag};aitcaﬁé:seﬂ of futther
paint lavers In 3 methad (V) the amourt of dip coating deposited per mv’ of the componant
consiating of zing surfaces prefrested acvording o the invention {Fig 1. melhad 1) andior the
amount of fller to be appiied, which above 3t has the task of protecting the sheet metal of the body
spainst slone impact and of compensating any Freguiadlies i the melal swwlacs, can be
consideratdy reduced in the ssuond coaling (Fig. 1, misthod Vi without this leading o 2 foes of
performance i tevms of corrosion pravention and paint adhesion.

B84]  ing furlber aspedt, he prosent invention reisies 0 Hie gaivanized andior alicy-gaivenized

steel Wrface and 1o the dstaile cothponanl witleh consiste at east parially of & Zine surfsce
pretisated by metallizing according fo the method according to the invention with the agqueous
agent {1} or coated afier this pretreatment with further passivaling converalon layvers anditr paints,

forexampis 0 ageordance with methads $HV aocording b e nvantion,

B8] A steel surlace of component treated in this way & used in vehicle body construction in

k3

gutomobile manufactiving, in shipbuilding, in the consiruction industry and for the production of

white goods.



861  Exsmplany smbodiments:

IBYL An sischothamical measuring chain f deterniining the sdectromative foros (EMF) fur the
metalizing prefresiment scoording o the invention s shown i Fig 2. The measwring chain
consists of two galvanic halfcells, whereby one hatboelf containg the agent {1) containing cations
andior compounds of 8 matal (&) white the other halfcell contains the agent (2) which differs from
the agent (1) in that it does nof contain any cations andiy compounda of @ metal (&), Both hate
cedin are connected 10 2 sail bridge, and the vodlage differance bolwesn & malal slechade of the
metal {4 in the agent {1} and & Sine slechiods in the agent (2) s measured Iy & currentiess
manngr. A positive EWMF means that the redox potential Bosec oF the cations anditey compounds of
the matal (&) i the agent (1) s mote angdip than the slechuds potentisl B, Table 1 below shivws
the EMF, measwed according fo 8 messwring chaln anabogous o Fig 2 ®r an sget (1)

pondaining fronilly cstions, which s suilable for the mslailiiing pratreatment acnording to the
fnveattion,

£

Tade 1
EMF of various agents {1} composed of kron sufate, hypophosphore acid and lagtic auid,
measured using 8 messusing ohely acoording to Fig. 2

Cations of melal {A)in the agent {17 j Tt EMF in ¥
0.0% molt Fm’-ﬁ}* ‘ 20 G448
&1 molt Fetl)® 20 DAGS
.2 ma¥l Fel ;;* : 20 0458
* Qomposition of the agent {1y |
315 molft HaPO,

C") €3

AR ol fectic soid
# Follll as FalQy THO

fasy I order o demonstrate, by way of example, the improvemant is e protestieon of cut
sdges afler the melallizing prelrentmant {Mronizing”} acvording o the vantion of galvanized stip

steel has eken place, the provcess chain of the ethod (8 accosding 1 the nventiny s carried out

below on siectroivlically galvanied stesl shesls (D064, ZB 78TS, aulomolive gradel The
galanizad stesl shesls besled and covled in His vay wers z*s*‘;:s“d b the ol edges v @
beechwood binck and stored for 10 wesks in 3 constantly molst snvironment in tha VDA altemating
climate ost (821418,

{85 Exarmnies B1-83 according & fie invention

{801  The method (i) sccording fo the invention is broken down in detall below, including the
formulations used



e slectrolvlicelly gelhvanized steost shest {Z8) s degreazed with alkatine cleaning sgents {for
example Ridotine® € 72, Ridoline™ 1340, dip and spray ciganing produsts of the applivant;

{1 the metaliving pretreatment (ronlzing) takes plane ot g lempaaiure of the aguecus ggent

{13 of 5070 at 2 pH of 2.5 in the dip-coaling mathod with g contact ime of t=2sec (B e
= Bseg {BE), he agent {1} being conmposed of.

BY 7.8 i FeSOyTRO

BZ 133 g;’ &SC& T
R

1

I Qg lactic ackd

rinsing step by useeing the protreated shest in fap water;

v & commersial pretreatment solution based on phosphoric aold, mangsnese phosphate,
H T and aminomathyl-substifuted pofinimy! phenat (Granading® 14557 from the applicant)
s appliad o the molal sudacs wing the Chamenater ol apgiivation method), Teving
takes place at B0°C and He resulting laver overiay of flankum iy dedwesny 10418 mgim®
deternvined by X-ray fluprescencs analysis;

finsing stap by mmarsing the pretrested sheet iniap watar;

s,
<
e

N} acommersial coaling agent (1} contalning graphits gs the conductive pigment, bassd oo ths

3

composition  speclied i the oxompls potion of e German application OF
10200700 88T (sa0 Exampls 1 therein) is applied fo the pretreated shesls using 8
Chemooater and cured By healing in 2 drying cabinet 8t 3 subsirate tempesature of 180°C.
The appliicatior of the coating agent vieids dry i dayer thicksessss of 1.8 um,

911 Thelayer owerlay of ron o the ﬁri&at:z‘aiy“fiaaé?" gaivanézed stoe! surface van be dissobved in
then determined by msans of slomic absorption spectrosoopy x‘.-&&_b} @r, @8 an a@iemaﬁwe, in
mm;sar:aiive ex;pefimzesnts an pure Zine subsirates (89.9% I} by means of X-ray fluorastance

&ppmxsmateiy B m\gxm* Fe

{981  Comporative Example V1

{931 Method (M} according o the invention is modified in that process step (i) that is 1o say the
metailizing pretroaiment, is omitted.

Compaiative Example ¥20

1

1 Method {4} according fo the Invention is madified in that, instead of process step (), an
alkaline passivaling pretrestment with the commercial product from the spplicant (Granoding®
1303} s carried out according to the formulation based on ronilll) nittsis indicated it German laids
open speoification DE1ATIRET2 {see Table 1, Example 1 thersing.



HOTEER

861 Compasive Brample N3

371 Aler degreasing with an alkaiing cleaning agent system T the applicant {Ridoiine® 1885
1 Ridosa® 1237, e sheet fs activaled iy 2 commsrcial activating solution {iv’éxmime@ 2112y angd
passivated in a three-cation phosphating bath from the applicant { Granoding’ 95RA} befors being
soated with the paint systent in 8 manher ANADgoUS 1o provess shep (v}

1881 After the process chaly seowding to method (i) all the sheesls are cut fo craate the ot
sdge and again are subiscted 1o @ phasphating as specified in Comparative Exampie V3,

R A cathodic dip coat (EV 2005, PPG Indusiniss) having a layer thicknses of 1830 um is
subseguently deposited on @il the sheets thus treated and coafed, and then babed it g clrnulating
aver for 20 minutes at 1750, Overall, therefore, @ process chain begivning with the anticorrosion
pratreatment of e sine substrate at the steel manufaciurer (Fig. 1, methads i and b} and ending
with the deposition of the dip cont in the “paint shop” of the vehicle body manufaciuring plant
{Fig. 1, mathod Vh) is reconstructed sxperimentally.
[N Table 2 shows the resulls with regard to the corrosive delaninglion of the paint al the qut
edge sfter 10 wesks of the allernating climate test Sinve the delamination of the paind advances o
varying extents 2t different focations o the cut edge, Table 2 shows in sach case the maxioum

delamination in mn for ha cogling system in guastion.

Tabia 2

Qelamination at the cut edge after VDA sltemaling vlimate test (81415}

Examples Distamination 8t the cut edge {mwm

1 7.8

Ve 8

%
0.
b R
& Fei W

1011 Dased o he resulls in the VEA aiemaling chimale feal, he superior somasen protestion
of e metaliizing pretraatment (Mronizing”) according to the inveniion al the cul adge in somparison

o the coweniiong! reatment mathads is obvious. The sikaling passivation by means of roniliix

cordaning sciulions, s describad iy the prior &t offers improved protection of cut edges i
comparison 1 phosphated shasts (V3 and sheete without any passivating wretrestment %1}, by
said mathod is far lesy offective than the metaliit pretrsstment (81} according to the invention.

1108]  The sxcelient result in terms of mi

imizing sdge corosion and delamination of the paint
systarn af the oot adge with the pretrestment (81, 82} avcording to the invention in comparisnn B
ary atkalinepretreated wing surface (V&Y for @ cusling system according & @ process chaia

21



fla—tla—iVE {see Fig 1) s flustated i Fig 30 1t s wiso Tound thal sven 1f the ion{lh)
goncentration {82} v the prebrestment acvording to the dovenfion & reduced, continued
suppression of paint delaminalion at the cul sdge can be schisved ¥ the contact tme with the
et (1) ix increased from 2 sec {B1) to Sser {83 a5 in the sxamples acoording fo the invention,
With reference fo Fig 3, the negative affec! of omitting the pretreatment (V1 according fo the
eention within the same pmﬁem chain as for the exampies (81, B2} according 1o the invention is
glsn clear. Even conventionglly freated gahvanized surfaces, which were phosphated withouwt the
pretreatment sogording 10 the invenlion and then electrodip-coated (V3] axhibit clear butdds
formation and corrosive delarnination & s oul sdges.

{1031 An improvement in the resulls in the sione impact test by means of the melaliizing
prefragtment Cironizing”) is alse svident The photographs i Fig. € show thal oo the one hand the
paint adhesion appeas 1 be invreasad by the pretreatment acoording to the hrvention, and on the
other hand there is handly any discemibie corrosive defamingtion.

[104]  The coosive delamination af the scratch aise proves the advantages of the pratreatnient
{"“fronizing” of the z2ine s:a-rfa{:-a}: avcording fo the invention, as can be sean from Fig § The reduced
corosive detamination i compatison o galvanized stes! surfaces which have only been
phosphated and dipcoated (W3 e thus achisved on the zing surfaces (BY) prefreated accarding fo
the invention and comnversion-reated and cosled socording o 8 process chain Hg-iila b {aee
Fig. 1) The omission of the prefreatment according to the nvention as par process step | {aee
Fig. 1w adresiment method accarding to Example V2 lsads to partivulardy negative delamination
properies of the snbre coaling at the soraich

{1081 in ap ailernativs procsss chain, in which the pretreaiment acoonding o the invention
{Fig. 1, sethad [ is folicwed W @ zirconitm-based conversion fraatment (Fig. 1, method Ha) and
divactly thersatter, that i o say without any application and wiring of an organic coating agent
{Fig. 1, socthod Ha or b} by the deposition o an sisstro-gdip ctaling (FR. 1, maihad V), doan
Txewise be shown that the corosive delamination &t the scraieh is significantly minimived.

(1081  To this end, the galvanived steed shests {28 2 were frel cleaned and degressed in
aucordance with the wocsdure desorited above, iy order they, after intermediate rnsing with
detonized water {k < 1 uSom™) has taken place, to be protreated sconrding o the invention (Fig. 1,
miathnd 1} by metalizing with an agent having the composition according to Example B for Jssr &t
& paticular pH and a8t @ femperature of S0 The convarsion teaiment caied oul afteyr an
imermediate rinsing with delonizad water tock sdace i an acldic agustus composition of

750 ppm & as My

20 ppay Qu as CatNOy),

10 pom Slas Sy

22



HO?EE2

200 ppm Zn g SoiNGie
at @ g of 4 and a contact ime of B0 sec &t g emperaturs of 20°C (Fig. 1. method Ha), &fter g
further tineing sterewith dedunized water, & eathodic din coating {CathoGuard 500 was applisd in g
' thickness of 20w, and the shesle thus vosled werg cursd for 30 min &t 180 1y 8

e
3R

chauiating sl vven before sorsiohing the surfsce slong several centimeters i the middle of the
sheet down o the sleel subsirate usihg & seraleh testing ool acuording o Clemen, Table 3 shows
the delamination valuss resuling Tom this srperimant &t the scrakeh after the VDA altemating
chimate lest

'l
102

Table 3
Delamination 8t the soratch of stsed shests (Gerdobond™ test sheets, fom the company

Chametall), coated acvonding lo 8 process chain § «» g - Ve (sse Fig. 1) aler 1 gcles of 5
VDA aiternating climate test (821418

Example L pHoftheagent{ly Substrate g Ui inmm
- - o S
W - =
LE 3.8
Kl 18
27 .
28 1.1
81
. z 1.8
35
ZE 1.8
T No pretreatmant
# pH adiusted using aramonis solulion or sulfuric said
& Mek dip gehanized stedd
ZE  Elechrolvtically galvavized steet
fﬁ{%ﬁ’} Figs. € and 7 again prove. based on the Xaay photoslenirovic (XPS} delall specia of

Fai2p™), that the i ron overiay applied in the method according o the tnvention has & metalic
character and considerably more than S of the bon gloms are i melalic form. This &
susitatively discemibie by the clear shill in the tolsl peal intensily o faver of peal 1 (Fig 1) &t
towsr bonding energies it comparison o the intensity of this individual pesk in alkaling passivation
(21 Quantification tekes placey as standard wig & numerics! filing process of the XP detall
spectrum by means of Gaussian indiidusl pesks, vie whith § i possible fo determing the
individual peak arsg. Table 4 shows quantilatively the chemicsl bond state of te fran overlay
innvedistely afler he respactive sxemplary pretreabments (V) or inventive wretreatments (B1)

Tatde 4
Percentages of gifferent bond states of fron on the galvanized steed surlaves, delermined by Xoray
photuslecivon spechroscopy (XRS)
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T14.861/280 ) EP2145031
Cink feltletel metaihizaldszerrel ©nidnd elokezalése
SZABADALMI IGENYPONTOK

x <

1. Eljdras palvanizdll vagy Stylizetiel galvanizalt scél Rltlotek metallizdioszerrel 1801~

b eidkezelisdrs, shol 8 galvanizdll vagy Stvézeticl galvamedll acd siet érintkezéshe howeak

ey vizes seerrel (1), amelynek a pH-ja 2-a8l pem kiselb, &s tondl nem nagyobb, el jellemerve,
hopy oz {1} seer a kBvethardket tanalmasar

A

{a) egy {A) o kstionjal defvagy vegyilotel, amelyeket & vas katlongat deivagy vegyliletst

’JQ

kgl vilasstonk ki, legalabb 0,001 M koncentraciohan,

{by akeeleriiorok, amelyeket & foszihr oxosaval, valaming azok o8t kel valasztunk ki, ahol

fpgalibb egy Dsafomion Kozepes oxiddcids dllapotban van,
ahol & vastil} tonokat ésfvagy a vas{il) fon vegyiteteket hasendljuk az (A} fém kattonjatként éxlvagy
vegviteteiként, & az akeelerdtoroknak sz A vegylilet kationjuthoz éafvagy vegyiiletel bosventranidid-
hoz vissonvitett molardova nom osfiblen sz ©F Sodk al& &x g (A) vegytiet kattonjainall dafvagy

vegyitetelnek s Erao redospotencidiis, anit az (A) Bm spy Bmelekivddidn mérlink, olére meghatd-

3 2

rozroft elidrdsi Wandrsdideten €8 ar (A} vegylilet Rationjainak éa'vagy vegvitleteinek konoeniracidiamil

az (1) vizes szerben, sokkal anddosabb, mint a galvanizdl vagy Stvdeettel galvanizfll acelieltlet Ex,
clektrddpetoncialia egy 3 szerret (2} Srintkeave, ams,ix ax (1) szertdl osak annyiban v ¢, hogy

neny tartalmazzs wr {A) Fim sommilyen kationgdl Ssfvagy vegyiiletdt,

2. Az 1. igénypont szerinil elideds, awesl jellomesve, hogy az {A) & kationjatask

N

syitletebnek 82 Erato redoxpotencidlia az (1) vizes szerben logalabh +30 mV-al, de legheb

febb +R00 mV gl anddosabb, mint a galvanizéll vegy Stvaestie] galvanizdll aodiiellet By clekundds

-

potencialin o (2} vizes szenel drintberve,
Az 1.vagy 2

igdnypont, vagy mindkettd szorintt ofjdeds, aresl jellemesve, hogy g ae

(AY fom katfonininak ds/vagy vegyitleteinel a koncentrdoidin legaldbh 001 M, de pem haladjameg o

.2 M sndket.

4. A 3. igénypont szerint oliinds, azzsl jollemesve, hogy o vizes szer pH-ig 48l nem
nagyobb,

S Ax olled igénypontok kel az egyik vagy 1ibb szevintl cljdnds, azzal jellomerve, hogy

,

& vizes szeremelieft oxigén éafvagy nitrogén ?igﬁs‘id&;ﬁ)‘:&%i‘{kﬁ\i rendelkead, komplex keldtképzd ssercket

fartalmae,



d

Z

&, Az 5, igéovpont szorintt chidrds, azzal jellemerve, bogy a homplex kelatkepats szere-
ket = kivolkewdk  kOefit  walssztipk kit tiotwedamin,  dictanolamin,  monogtasolamdn,
monaizopropanclantin, aminoetilotanoiamin, Fognine-2, 34,5 Sepentahidroxthendsn, N
(hidroxietiDetiéndiamintriccetsay,  stildndiamintetraccetsay,  distiiéntriaminpentaecsteay, 1.3~
diaminopropanteiracestsay, 13- diamisopropinictracostsav, borkdaay, toisav, mosiusav, glitkonsav
eafvagy glikcheptonsay, valamint evel 88 &5 svtereotzomerel velmmint smorbit, glithde, &
ghtkanin, do ezek swterenizomerjsl.

ER A &, igdaypont szerintl elidvds, wezal jellemesve, hogy o komplex kelathépad srerekmnek

a2 (&) vegyiilet kattonjatioz €sfvagy vegyilelether viszonyiiott axdlardnyg S:l-nél nom nagrobh, de

& Az 17, tgdoy g"}}'ﬁ{.{‘ﬁi kil az egvik vagy t9bb srerints eljards, azeal jellemenve, hogy 8

vizes szev tartalmaz meég etherok Oz vilasziont akoclerdiorokat s hidman, Rdroxilaain,

aitregusddia, Nometihoorfolin-N-oxad, glikohepiondt, asskorbinsgy & redukdld aukrok.

&, Az 18, igdnypontok kSl az epyik vagy ©9bb szevintl ofjdnds, saxad jellemenve, hogy s

viges szer tavtahnar mdy maximum 30y, de legalabb 0,1 ppm rdaiil} kationgt 18,

o Az I8 igdaypontok kSai axegyik vagy (6bh szenintl elidnds, axeal jellemeave, hogy

\

>z

van méyg egy fombevonss az (A} fmmel, sy legaldbb | mgin’, de maximum 100 mg/m” felidedteg-

~

agssel, @ galvanizalt vagy Sivisctiel galvanizdlt scdlfeliilelet crintkoxdsbe hosva g vizes seemel,

fi(‘

oo Ar 318 ipdayponiok kel ax gtk vagy 16hb szenintt oljinds, seeal jellenrerve, hogy

ehvdgeralik & Bmesen elkezelt, galvantzglt vagy Giviestel galvantedll sedllelitiel passntvald konver-

Fin kevelésdt, a galvanizdlt vagy dtvizettel galvantzall sodiislitlet é8 w vizes seor érintkerdshe hosdes

o

ubin, kdebenad Sbiftéet ev/vapy sedritdst Kpds nelhiil,

a2

12, Az L igénypont szevintl ehiards, azzal jellemezve, hogy tovibbi eljdrdst lépések k-

valik, fovabbi rétegek, pdiddud festekek vagy festdhrendseorek alkalmazsss.
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Figure 1
Onvendew disgram of preferred  antioomosion opaling methods based opy the

mataliizing protreatmeant acoording o the invention,

11} Metallizing pretrestment: Fe, Mo, W, Co, 8, Pb, Bn
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Figure 2

Schematic diagram of an siscirachemival measuring ohaln for determining the
slestramotive force for the mealizing acearding © the ihwention of a zine surface
with fron by measuring, withaut using sxdemal current, the potential differsnce (V)

of galvanic halfceite (M2, HZZ) connected 1o & sail bridgs (S)

HZ1 § N HZ2

AEE T I .
- —~ 1% —
' ‘§ § - ]

Agent{l) Agent (2)
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Fiowre 3

Exampla

¥

Vé

Y3

81

Comparative test without metallizing pretreatment according o the invention

bt with phosphating (Qranodine™ 858} and slectro-dip-coating (EY 2008%)

according 1o & comventional process chai b - afsse &g 1)



1

igure &

Stene impact asconding fo DIN SB888-1 after 11 cycles of corrssion siorage
according fo VDA 821418 of the gelvanized stest shests ZE 7878) treated
acsording 1o & typical procsss chain {see Fig. 1, method Vb For betlter
distinction betwaen free melal surface and coaled subsirats, the sheels are
immsrsed 1y an aquegus solution of oopper sulfats and the fres mstsl surfacs i
theraby Copperplated.
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Fipwre &

Dalamination at the soeatch after otorsgs sooweding o VDA allemating
climate test (821415} for 11 cyeles on differsntly costed galvanized sledd shasts
{DC04, ZR 78/7%) as shown in Fig, 1.
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Figure €
Fe {2p™) XF detall spectrum according fo Comparative Example

Y2, brnediately after process step {}

o o € N S S

ABROT oo

intensity / cps
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Pigure 7

Fe (207 XP detall spectrum according 1o Example BY according 1 the invention,
inmediately afer process step ()

Intensity / ¢ps
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