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HSS F%PEWWI "NGVETAL SURFACES The W@Qf?t scﬂ?ent i on
%e%.?{aﬁe?% qur..x.pbcp Q&‘E.‘?ﬁlg a metal surface using an acidic

rgicularly, it relates to a progess :for

ra E? Jpld e g(g [Ty ‘suitable f or cationic electro
FETeRY 1y 5 """ g'd'"'r'ﬁét al Suffdces which include bo(ﬁ)‘ 2)
d“é"ﬂf“facefpéﬁ a 2|‘h eFl s jurface such as an autonobil e g
Japanesi?#BE OF WIIPEG.U@H‘ {tnexan: E|ed) No. 107784/1980 (laid open to the
public on August 19,A % s]g(glgslgﬁogpﬂﬁeé&{.ﬂ& tisAkd, NgudrABLal surface
by dip treatnent, foll y spray treatnent, % an aci dr ¢ agueous
phosphat e sol utlon C‘O'nt-a'rnrrrg—f‘rmn—ﬁ—?ro—l-%—gﬁ—cf—m—nt—l—cn—f‘rom 5 to 30
g/l of phosphate ion, and from0.01 to 0.2 g/l of nitrite ion and/or from
0.05 to 2 g/1 of ”}nmwéﬂ§¥€§éﬂﬁmﬂhﬂﬁﬂﬁaé@nreSéwééﬂﬁﬁeasﬂﬁbé@@@fE@&tC)

b bl e of di hosphat e fil mwhich ffect f
Coat 1hg by cat| BRASHIR: SvBnde Mot CorbHT EACE SATEI 88 REVCHE rERYSBOGKe:

portions |ike C@hobtpﬁlaete sddpaiene Pibeet pRublicodbrdy, ( dtexalates) thoa
145180/ 1980 (| a : ).

process for tregg | %%%@ EB{ angﬁ?Qé E%%%yag{?ﬁlelﬁ r?esh%%&\i\nat y;%hgm %l%
aqueous phosphafersertionic %W&Fﬁpﬁgtﬂﬁgm g isparpieplanty 2ppd iicg®lef r om
5 to 40 g/l of plomebal edrdhcdd Qﬁh%holﬁ@l@&b%ha gh G Lad Qurrakd from
0.01 to 0.2 g/l of nitrite_ion. Further, anese Pat ent ERE\‘? ation
(unexani ned) Noan95f2f8§‘FI§’§6€@I &g fGﬁ&nSPS t R& BHbPPEOB‘ﬁ’ élly 27,

1980) discloses an acidic aqueous phosphate solution containing from 0 08

to 0.20 wt. % of zincg_ion fro % of rom

0208 to 035 we. o of W NPEPe Hahent S b iy RN A E ety  hoe

i on, and conpl el0f7784/1880i dAaiid apennbarthe public on August 19, 1980)
discloses a process for treating a metal surface by dip

treatment, followed by spray treatment, with an acidic
aqueous phosphate solution containing from 0.5 to 1.5 g/}
of zinc ion, from 5 to 30 g/l of phosphate ion, and from
0.01 to 0.2 g/1 of nitrite ion and/or from 0.05 to 2 g/1 of
m-nitrobenzenesulfonate ion. Said process is reported to
be capable of providing a phosphate £film which is effective
for forming a coating by cationic-resistance on complicated
articles having many pocket portions like car bodies.

Japanese Patent Publication (unexamined) No.
145180/1980 (laid-open to the public on November 12, 1980)
discloses a process for treating a metal surface by spray
treatment with an acidic aqueous phosphate solution
containing from 0.4 to 1.0 g/l of zinc ion, from 5 to 40
g/l of phosphate ion, from 2.0 to 5.0 g/1 of chlorate ion,
and from 0.01 to 0.2 g/l of nitrite ion. Further, Japanese
Patent Publication (unexamined) No. 1512183/1980 (laid~open
to the public on November 27, 1980} discloses an acidic
agqueous phosphate solution containing from 0.08 to 0.20
wt. % of zinc ion, from 0,8 to 3.0 wt. % of phosphate ion,
from 0.05 to 0.35 wt. % of chlorate ion, from 0.001 to 0.10
wt. % of nitrite ion, and complex fluoride ion in an amount

1
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- 2-. calscul ated by the formula : 0.4 [err] y [err] 0.63x - 0.042, wherein z
i s*the concentration in wt. %of zinc ion and y is the concentration in wt.
% of the conplex fluoride ion. These prior art processes are reported to be
capabl e of providing excellent adhesion and corrosion-resistance to the
coating by cationic electrocoating. To suth?extent as it is relevant, it
may al so be noted that British Published Patent Application No. GB 2 148
951 A discloses according to its Abstract that a protective coating can be
formed on steel calothetedety the fRmasubd kow. ttlerl_ﬂ,)eya;:untteﬁ;xfo*lr ¢ n842ance

bel ow 40[err] C by £op)act; Wikl B aakiti-ae; hiat gei'ecr@'a Qha
%VI 8 % ? @t I co?ﬁu d% or

chl orate and chl oride and that contal ns arts SI ori
bor of | uori de, 0.38stthe congentyakiign ingko %29fp%h? §°ﬁlﬂi§@hz§t1é°r}d§ ienio

parts nitrate, Orle£@® prZopPaaie ﬁt&dﬁ@és@é‘dm@e 215e;§@r@e@afésbéoéa#§ble of
ni t robenzene sul f onat The ¢ 05|t| o contain O t

nmanganese. Fbmev%??v}‘ﬁlﬁgreéﬁ‘é%[? Iaﬁ 8r58{56%5?7?§l??188§ ré
t here has cone tﬁhbecuat?ﬂncjobyc@atbmdie%:sée&o@@mbmnts pl at ed on one
surface only with zinc or alloyed zinc, with the object of further

| mprovi ng corrosion- resistance after t he application of-the sicative
coating. It has howeVBe ssweexsept addghs sealavant, vfcnay el shbecnptedr

art conpositi onsggad ﬂ%’iﬁ@ﬁb@&%h@@%é@&qﬁ %;gﬁ%a!ﬁfcﬁ{ hal.Sghi2 948t gsihe
metal surfaces which include both_an iron-based surface and a zi nc-based

surface) , on thd ‘i’%%ﬂm%%%eﬂc%%‘i“a’é‘é 0 phios Mg Bra¢E ntat tappeobechive

substrate to be ¢oatefghyarxald goirtedl 66t $OSORIGN G IR Bethar aadfa&edestred
but a phosphate f orne

nferior to that 1B HRPR e ERPLMEFISS PRiev $hoFe aSoBEaN kvER oped
a conposition anal swlodsism that is generally free of chlorate and chloride -
and that contains 0.5 to 1.5 parts silicofluoride or
borofluoride, 0.8 to 2.5 parts zinc, 10 to 25 parts
phosphate, 1.5 to 10 parts nitrate, 0.1 to 1.2 parts nickel
and 0.25 to 2 parts sodium nitrobenzene sulfonate. The

composition may also contain 0 to 0.7 parts manganese.

However, in a recent development in the automobile
industry there has come to be used for car bodies steel
components plated on one surface only with zinc or alloyed
zinc, with the object of further improving corrosion-
resistance after the application of the sicative coating.
It has however come to be recognised that, when the above
prior art compositions and processes are applied to such
materials (i.e. to the metal surfaces which include both an
iron-based surface and a zinc-based surface), on the iron-
based surface a phosphate film suitable as a substrate to
be coated by cationic electrocoating can be formed as
desired, but a phosphate film formed on a zinc-based
surface is significantly inferior to that formed on the

iron-based surface.

There has been developed a composition and process to

solve the above-mentioned problems which occur on zinc-
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soj.ve t;he above-nenti oned probl ens which occur on zinc- -3- based
surfaces in conponents which include both an iron-based surface and a

zi nc- based surface. This is the invention disclosed in Japanese Patent
Publ i cati on (unexam ned) No. 152472/1982 (|l aid-open to the public on

Sept enber 20, 1982). That Publication di ScPoses di pping the netal surface

I n an aci di c agueous phosphate solution conprising fromO0.5 to 1.5 g/l of
zinc ion, from5 to 30 g/| of phosphate ion, fromO0.6 to 3 g/l of manganese
i on and a phospbhatsedgsactatesainrconjpmesmrs whnidhd e Inclep aspihaire ivo@at nent

of galva- steel babggresu‘}fﬁaﬁéb rglﬁa” Bszi'i‘xcaliﬁ%ré”ﬁa's ﬁ&b&g W'itﬁ‘lg"“i% tHROLS,

each spot having a di aneter rom 1 IS 1S Egrtlcu y true
with an eIectrobpﬁﬁﬁftﬁwvﬁﬁﬁﬁ%P%ﬁ@eﬁnaﬁfﬁﬁ%éﬁpmﬂ%F?%tt @hﬁkﬁ?FéQPWent

tﬂer egf Thelste \(\hhbﬁaﬁmﬁéa)\mb' p@wﬁzpmézer@am Gwrﬂhé Fpmih 1@;2%;1 t
ereby resultin nferrLor_coatin ni sm.h |c ite spots
bre formea s bAPPEOBROTooBe BESTh | qiiat FREREGoT A s 8 Rppen:
many pits, at thbheedgeaporurfmse dn ahi sbidbe galemns piodsphatre selgtddmal |y

di ssolved i n théoingﬂhﬁk CRPGRN I C r1C|Se§ét1h59u9£'nén &%Ceﬁs&%(% "9
reaction. As th % 3t “each pit contin zi nc phosphat’e
preci pi tated i ngf heofcppebPhakei boni hramo. ﬁﬁﬁwe@eﬂ'lantWQDSQPﬁﬁﬁeﬂQD

portions, the |gﬂdsgrBﬁggphgtgﬁﬁogggelgphggrfornB a galvanic cell with the
zinc netal, thereby continuing the dissolution of the zinc. As a

consequence, an excess quantity of zinc phosphate crystals are precipitated
and accunul ate as "spewevat,titethe zinc phosphate treatment of galvanized

steel, there often results an abnormal coating with white
spots, each spot having a diameter of from 1 mm to 2 mm.
This is particularly true with an electroplated galvanized
steel and especially in the dip treatment thereof. These
white spots will cause craters in subsequent treatment,
thereby resulting in inferior coatings. The mechanism by
which white spots are formed is believed to be as follows:
In a first stage, there appear many pits, at the edge
pcrtions of which the galvanized layer is gradually
dissolved in the form of concentric circles through an
excessive etching reaction. As the growth of each pit
continues, zinc phosphate is precipitated in the centre
portion thereof. However, at the peripheral portions, the
ion surface is exposed, which forms a galvanic cell with
the zinc metal, thereby continuing the dissolution of the

zinc.

As a consequence, an excess gquantity of zinc phosphate
crystals are precipitated and accumulate as "snow" at the
peripheral portions of the spots, which can readily be
observed by the naked eye.

Unfortunately, no solution to this problem has been
found heretofor to consistently avoid the formation of such

white spots.
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perd pheral portions of the spots, which can readily be observed by the
naked eye. Unfortunately, no solution to this problem has been found
heretofor to consistently avoid the formation of such white spots. -4-
It is the aimof the present invention to Q{OVlde a process and solution

f or phosphating, especially as a substrate treatnment under cationic

el ectrocoating, so as to form excell ent phosphate filns capabl e of
provi di ng excel | ent adhesi on and corrosion-resi stance, especially to
coatings fromcationic electrocoating, on a variety of nmetal surfaces which

i nclude an iron-basedrsufd &Qf‘e aﬁn?'dfcthgaﬁﬁéséﬂ{:f ﬁﬁ@enﬁﬂéﬁ%oaﬁrov1de a
al um ni um based surface even treatnent at | ow ture,, and even on

an article possiBf9CHaTi A d? rfé’t’%llpré‘iﬁ?té%'één ndF&Peé:dﬁ}ll%eﬁ%da
shapes such as asmtfmwbrtreatmadtahwa ahltlbmpr@l/eda-@c@abﬁegs sm&cftd/vi |

not cause any V\/nf(glg sgg)(t er?{ astnas s é ant étgfs g
gal vani zed steel” even re P nt ereo ave f % é?
phosphati ng conwscpellmst Wﬁh@ﬁlameamrzgra'psmne@eép-satank:eas@smahm it |y

chlorate-free and,y¢y 5ds havenacspiohi deeh 8BLE8¥BhLtRALEOWSR: B Wdr UQYi 9
excel I ent phosphate-coatings on jron, zinc, and alum nium based surfaces,

wi thout the forfgtdh SBFféé?leét‘@H‘E}hénﬂerfi& apoten-pPased FYRERFAnE FH5°%ne

beneficial resulb&sad édxefar&easmid/ldwam a0Gmt Ratmt-basek! eurdaceoavéﬁw@jv be
consistently maint a| w.0.5 rreang that not only t
u

chloride ion itsei$e ’Bﬁ? aF o YHE "%Fﬂ%?ﬁ?‘léu}f%h &R Ied'%toﬁeagdaaeﬂtlt%l? he
phosphati ng corruméellmnshayungedimﬁemﬂbmatellsnrf/actés badyetducenpl bcabed

chloride ion as §ﬂ§bes such as a car body ... and above all to provide a
process which will not cause any white spots or at least
any significant white spots on galvanized steel even in the
dip treatment thereof. .

We have found that phosphating compositions which are
chlorate-free or at least substantially chlorate-free and
which have a chloride ion level below 0.5 g/l provide
excellent phosphate~coatings on iron, zinc, and aluminium-
based surfaces, without the formation of deleterious white
spots. It is important to the beneficial results of the
present invention that the chloride ion level be
consistently maintained below 0.5 g/1, which means that not
only the chloride ion itself, but also the chlorate ion
should not be added to the phosphating compositions, since
the chlorate ion will be reduced to the chloride ion as the
phosphating composition is used.

According to one aspect of this invention there is
provided a process for phosphating a metal surface
comprising treating the metal surface with an acidic
aqueous phosphate solution in which one establishes and
maintains a concentration of at most 0.2 g/1 and preferably
no chlorate ion as well as the smallest practical
concentration never exceeding 0.5 g/1 of chloride ion, said
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phosphating conposition is used. According to one aspect of this invention
there ‘i s- provided a process for phosphating a metal surface conprising
treating the nmetal surface with an acidi c aqueous phosphate solution in
whi ch one establishes and maintains a concgntration of at nost 0.2 g/l and
preferably no chlorate ion as well as the smallest practical concentration

never exceeding 0.5 g/l of chloride ion, said -5- solution conprising:
a) fromQ. .SQ(I .Qf. _zj.nc ion, b) from5 to 50 g/l of
phosphat e ion, cojluttgo:k rcgﬁlz%tlnl east 0.2 to 4 g/l of manganese ion, d)

at least 0.05 g/l of a fluoride ion, and e) at | east one of the

fol l owi ng phosphati ngjaccel eratfQih, o.hNto NG o/hOllOWiRG Gcentrations:
i) fromO0.01 to 0.2°g/l of nitrite ion, il) 1Jrom1 to 10 g/l of nitrate

ion, iii) fromO0.5 t®5 g/l of LKPH Ggd&R F8r OYildeL( PRESPhG el 00R,

Hg err% g er(r)] 2)5 I V) , fd)lom ]9 05 tferoh g.h—,l 1ebstr bl br Qobgnggaeﬂfsmafr@aatego e d qrzbn,
v rom 0. to of mnitrq-benzaoa iqn, an | .r.om.0. to

g/l of p-nitrophenol %As i ndi c&t%e eé’t%vgl,‘toshg(}ﬁtsf’%l as:/?r]%"é’c‘fé‘dter & ed 3¢
accordance with the prnesent inainfleasti opéunlsthe dvliasedche phicephating

zi nc- based surfaces, al um num Kk Ql%T':Fa{é‘S‘}% argjnthe{._herespgﬁﬁilv&vin

al | oy-based surfaces. These netal surfaces can be treated either separgately
or in concentrations:

i) from 0.01 to 0.2 g/l of nitrite ion,

ii) from 1 to 10 g/l of nitrate ion,

iii) from 0.5 to 5 g/1 of hydrogen peroxide
(based on 100% Hzoz),

iv)} from 0.05 to 2 g/l of m-nitro-benzene-
sulfonate ion,

v) from 0.05 to 2 g/1 of m—nitro~-benzoate ion,
and

vi) from 0.05 to 2 g/l of p-nitrophenol.

As indicated above, the metal surface treated in
accordance with the present invention includes iron-based
surface, zinc-based surfaces, aluminum-based surfaces, and
their respective alloy-based surfaces. These metal
surfaces can be treated either separately or in
combination. The advantage of the present invention is
most prominently exhibited when the treatment is carried
out on metal surfaces which include both an iron-based
surface and a zinc-based surface, as for example in a car
body. Examples of zinc-based surfaces include galvanized
steel plate, galvanealed steel plate, electrogalvanized
steel plate, electro zinc-alloy plated steel plate, complex
electrogalvanized steel plate, electro zinc-alloy plated

steel plate, complex electrogalvanized steel plate, etc.

When the content of the zinc ion in the above acidic
phosphate solution is less than about 0.1 g/l, an even

This Sheet Has Been RTlaced

L




~

coyrbi nati on. The advantage of the present invention is nost promnently
exhi bited when the treatnent is carried out on netal surfaces which include
both an iron-based surface and a zinc-based surface, as for exanple in a
car body. Exanples of zinc-based surfaces include gal vani zed steel plate,
gal vaneal ed steel plate, electrogal vani zed steel plate, electro zinc-alloy
pl ated steel plate, conplex electrogal vani zed steel plate, electro
zinc-all oy plated steel plate, conplex electrogal vani zed steel plate, etc.
When t he cont enPhesREe ifddm aF PRt ferapsdven ddi’li e Prdand swfafson is

| ess than about wheh &hle, zARcCYBA conténtPEREEERE Cabdhitn 1 S5 NPt f adrEdl i t he
i ron-based surfg)cg_ﬁ_é Wien the z(inc i.on .content exceeds about 1.?.8/ l,, then
on both i ron- ba®&Fhntt 2PARHHRL 2B Aadbs RBFLCh G ?6PFa T YN O

phosphate fil m deowad,icmaofitige phiosphdtepf Dimsmaids,| Fausing & feilebuig

that the film 5%‘}%"5s£196?&‘i%56v}ir‘tﬁd@ﬁé{/\%%s 4 b@&é’@?%h‘énsfli%:ﬁ‘béﬁo%% 4G
substrate for cationic e'ect I"OCO.atI ng. en the con.t ent of pnosp ate 1on In
t he above sol ut G&fFrieaseess adhes v andsbgeemed unmaitabshasph avdstinate s

apt to be formege Wit it PhasRitdRJa¥ingontent is nore than 50 g/1 no
further benefits result, and it is therefdore econom cally di sadvant ageous

to use additional quantities of phosphate chem cals. Wen the content of
manganese ion i s | eswhHdrentRe2cohltdite aangavephaoont boh iin tike phdephat e

Li I'mformed on zijj 'ti%%sgg %‘L@ %ﬁ?ﬁ éﬁmﬁr gf ldy uk@%‘ﬁféﬁﬂgs B 84NES] on
etween the substrate and the coating atter tnhé cationic electrocoating
becones i nsuffi disempt Weedea Hormedganéhen ¢he phospdate ileracanhantt isf

more than 4 g/l n AR IS0 g/1 no further benefits result, and it is
therefore economically disadvantageous to use additional
quantities of phosphate chemicals.

When the content of manganese ion is less then 0.2 g/1
the manganese content in the phosphate film formed on zinc-
based surfaces is very small; therefore the adhesion
between the substrate and the coating after the cationic
electrocoating becomes insufficient. When the manganese
ion is present in an amount of more than 4 g/l, no further
beneficial effects are obtained for the coating, and the
solution forms excessive precipitates, making it impossible

to obtaln a stable solution.

The manganese content in the phosphate film formed on
the metal substrates would be in the range of from about 1
to about 20% by weight, based on the weight of the film, in
order to have a phosphate film which exhibits the
performance requirements for cationic electrocoating. The
phosphate film containing the amount of manganese specified

above also forms part of the present invention.

The content of manganese in the phosphate £ilm can be
determined according to conventional procedures. For

example, a phosphated test piece [S(mz); W,(9)] is dipped
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bepeficial effects are obtained for the coating, and the solution forns
excessive precipitates, making it inpossible to obtain a stable solution.
The” manganese content in the phosphate filmforned on the netal substrates
woul d be in the range of fromabout 1 to about 20% by wei ght, based on the
wei ght of the film in order to have a phosphate filmwhich exhibits the
performance requirenents for cationic electrocoating. The phosphate film
cont ai ni ng the anount of nanganese specified above al so fornms part of the

present inventi o awgqﬁeahgngopﬁtﬂ@ﬁgamgse by ﬁéhﬂ;@@%pbﬁksm&bl atcqmve
det erm ned accor

determ nec secorl o i eyl vl LSRR (1L, SR R B

solution of 5 %ﬁd;e vlmsjhtpﬂcechrf&mtaeaﬂmaht?ﬁﬂ Kg) € isrnéasunedes The

di I the filjy h
[{/\?Z?r}/(eg)] el sI neasureé}g& )ﬁ ngi er rﬁia’ﬁr{ er r‘f‘ﬁé@ﬁ%bff al ned
by cal cul ating tﬁ@@&%l[&’c T\/(Phr r‘]sz) LY er Fpen, \§hg pppung] of mERgRNEsR:
amount  of nangariﬂﬁeswvahggodkféaomw dallPagabdudBEOus SiPlo#t J:Hf'oﬂiccél{ﬂi“ c

acid [A (1) ] is determne by the atomc |ight absorption Erocess g/ l)
] to obtain the Pk} ﬁﬁﬁﬁerd‘?”teri’ebbjl%ﬁﬁ’alﬁéﬂ@é{%éﬁs?w PP Pr%&\ﬂs
(g/Merr])] . UMegyihe tbu&bfﬁatlai ntte atoval andutrh:e caibovnef dissmeEd |

t he manganese c tent C for rr err ) X
100 % When the(%“ar}i rﬂesg% aﬁ‘bo %’%?;ﬁg{% fﬂ]e p O%Bﬂatl (t\s%‘l utcg%t\rg]i%e ess
than 0.05 g/, rmimaunt anditdre @b%efpmgmm ftlllmmamwmmqnteht can

cor r osi on-r esi stgglqpalqg“hegt&pagf&g + G RERSIRNAE, Ner I eatigty at a reduced

tenperature cannot be attained. The fluoride |ony{:ar? be present in an
amount above 3 g/l, but use thereof in such quantities wl]l
When the amount of fluoride ion in the phosphating

solution is less than 0.05 g/l, micronization of the
phosphate £film, improvement of corrosion-resistance after
coating, and phosphating treatment at a reduced temperature
cannot be attained. The fluoride ion can be present in an
amount above 3 g/1, but use thereof in such quantities will
not provide any greater effects than are obtainable by the
phosphating solutions of the invention. Preferably, the
fluoride ion is contained in the form of a complex fluoride
ion, e.g. the fluoroborate ion or the fluorosilicate ion,

although the F~ ion itself can also be used.

It has been found that when the chloride ion
concentration in the phosphating solution reaches or
exceeds 0.5 g/l (500 ppm), there occurs an excessive
etching reaction which results in undesirable white spots
on zinc surfaces. Though the presence of chlorate ions
themselves may not directly cause the development of white
spots, they are gradually changed the chloride ions and
accumulate in that form in the bath ligquid thereby causing
white spots as mentioned hereinabove.

Furthermore, the combination of manganese and fluoride
ions has been found to be effective for the formulation of
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net previde any greater effects than are obtai nable by the phosphating
solutions of the invention. Preferably, the fluoride ion is contained in
the formof a conplex fluoride ion, e.g. the fluoroborate ion or the
fluorosilicate ion, although the Fion itsglf can also be used. It has been
found that when the chloride ion concentration in the phosphating sol ution
reaches or exceeds 0. 5 g/l (500 ppm, there occurs an excessive etching
reaction which results in undesirable white spots_on zinc surfaces. Though
the presence of URfBlaPBorBRatiRgnERiVESOREyCABEadningt Ny chdssatre ions.
devel opment of white spots, they are gradually changed the chloride ions

d | ate in that In the bath liquid th .. causing white spots
o monti oned her oi nabbyERe RPTRRIBIE XHE ST ARSCoNTof A ROARESS AR

fluoride ions hphebéeﬁehpqu id be pféferabdefbhaththéowenbhti patdb of
usef ul phosphatwﬂcs%mwgyi%n &bag, NP @*H V5B 1 ONgy, r#”.p%é B8tio

phosphating sol utions used he process of the inventlo I'S prngrabIe

that the wei ghteYaRiRhre$PhatR fidn tis phsapradevhich exiilmits a3 ofl thehi s
rati o an even phpesietfanda i seofif o BakMEChn@dubit St UYath®nic

performance requjrepents peeded for cationic electrocoating. The wel ght

rati o of zinc i%#]e?gg?rﬁﬂﬁgﬁ@ge o YEIORETAtAR PT121n¢oten (9 PRNIGRREER; s
ratio it is poskoml gst prelfeaabliynlan gooBomtioc 2nanndan alptwspieie ft! aswhi ch
contains the r | fs gape S all | splays_al l of.the
beneficial eff g#%égg%%r@e? %t%ﬁrﬂg%prggs%%?g%%/%maﬁg}\& ?aﬁpg ﬁgpg‘ﬁ‘&?p%éh“ng
sol utions used Yhieheqntring tfe reguinednanonntief mangsgiewhlandf whiche

solutions to haypsg14psahl 2Chei theObeherliei30 REf¥cLs PhdPrads Bt ¥naf 0.3

to . \
present invention.

In the phosphating solutions used in the process of
the invention, it is desirable for the solutions to have a
total acidity of 10 to 50 points, a free acidity of 0.3 to
2.0 points, and an acid ratio of 10 to 50. With the total
acidity, in the above range the phosphate film can be
obtained economically, and with the free acidity in the
above range the phosphate film can be obtained evenly
without excessive etching of the metal surface.
Adjustments in the solution to obtain and maintain the
above points and ratio can be achieved by use of an alkali
metal hydroxide or ammonium hydroxide as required.

Sources of the ingredients of the phosphating
solutions used in the process of the invention include the
following: as to the zinc ion, one can use zinc oxide, zinc
carbonate, zinc nitrate, etc.; as to the phosphate ion, one
can use phosphoric acid, zinc phosphate, zinc monohydrogen
phosphate, zinc dihydrogen phosphate, manganese phosphate,
manganese monohydrogen phosphate, manganese dihydrogen
phosphate, etc.; as to the manganese ion, one can use
manganese carbonate, manganese nitrate, the above—-mentioned

manganese phosphate compounds, etc.; as to the fluoride
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2,0 poLnts and an acid ratio of 10 to 50. Wth the total acidity, in the
above range the phosphate filmcan be obtained economically, and with the
free acidity in the above range the phosphate filmcan be obtained evenly
wi t hout excessive etching of the netal surface. Adjustnents in the solution
to obtain and maintain the above points and Fatio can be achieved by use of
an al kali netal hydroxide or ammoni um hydroxi de as required. Sources of the
i ngredi ents of the phosphating solutions used in the process of the

i nvention incl udenthenepldagwivge hpdrofinerirnecigh, finwrelponie acAd,

oxi de, zinc car ?Qﬁéﬁr@sﬂha‘ic“hhﬁat ef18bfotifanil hBEaPNARAhehEikORerale can
use phosphoric acid, zinc phosp hafe, zinc nonohyd rogen phosphate, zinc

di hydr ogen phosﬁﬁ&@é ﬁhﬁbaﬁ%§€3ﬁﬁ%%ﬁhaPéCkﬁ&nﬁéﬁéseqﬁﬁnﬂnkﬁ%%%ﬁr the

phosphat e, rrangaaaiamdsmﬂlrnrsge&cnba&ah@é éit dbes; nés ﬁlﬁbdﬁ'@e REHRJdBes eeldon,
one Cah use man%gggsgbcarb nat e nese {:ll trate, .the  above- rrent i oned

manganese phosp as, t%tt(p QSPRAt AT AT FSTOT - §NeHP USRe can
use hydrofl uori soatidm f hudrobare c ea:mmorfiwmr omillixiteaci ds ofilinom ot mtani c

acid, and thei rn%{r@é g@lekés(x?c BnatkNC 3 —t%ﬁe rSBedzo dﬂ% o2 B@%&Ef the

sodlun1salt IS exc as It oes not pro uce desire ), and as
to the phosphat higrages| eeEp¥idegnpituacuaeidedzdnrnnikrate, anaparnese

nitrite, sodlunhmtratgrohga&gmeggh&gﬂateet§Qd|un1n}n|trobenzoate aqueous
hydr ogen perOX|de nitric acid, zinc nitrate, nmanganese nitrate, nickel

nitrate, etc.. The phosphating solutions used in the process of the
i nventi on can furtheTheopmasphaaﬁngusmmuﬂinnﬁ uisegr édi €iné ,procdked dfokheThe

content of the ELGEELiER éﬁmﬁﬂfkﬂg% co%%hln, as an optional ingredient,
nickel ion. The content of the nickel ion should be from
0.1 to 4 g/1l, preferably from 0.3 to 2 g/1. When nickel
ion is present with the manganese ion, performance of the
resulting phosphate film is further improved, i.e. the
adhesion and corrosion-resistance of the coating obtained
after cationic electrocoating are further improved. 1In
phosphating solutions containing nickel ion, the weight
ratio of zinc ion to the sum of the manganese ion and the
nickel ion is desirably 1 : (0.5 to 5.0), preferably 1 :
(0.8 to 2.5). The supply source of nickel ion can be for
example nickel carbonate, nickel nitrate, nickel phosphate,
etc..

The phosphate film formed by the process of the
present invention is a zinc phosphate-type film. Such
films formed on iron based metal surfaces contain from
about 25 to about 40 wt. % of zinc, from about 3 to about
11 wt. % of iron, from about 1 to about 20 wt. % of
manganese, and from 0 to about 4 wt. % of nickel.

The process of the present invention for phosphating
metal surfaces can be carried out using the phosphating
solutions by spray treatment, dip treatment, or by a
combination of such treatments. Spray treatment can
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0.1 to 4 g/l, preferably from0.3 to 2 g/l. Wien nickel ion is present with
the makhganese ion, performance of the resulting phosphate filmis further

i nproved, i.e. the adhesion and corrosion-resistance of the coating
obtained after cationic alectrocoating are,further inproved. In phosphating
sol utions containing nickel ion, the meigh% ratio of zinc ion to the sum of
t he manganese ion and the nickel ionis desirably 1 : (0.5 to 5.0) ,
preferably 1 : (0.8 to 2.5). The supply source of nickel ion can be for
exanpl e ni ckel BaEPRSA%LRe afEreted by grraning dophosphaore secondshdn

phosphate film f:ﬁdé?ctd)fo&‘ﬂ&qrpb@‘é%%%t@fpﬁdi@plﬁ)&e&Qﬁ.tln{ WHEBhI &5 s £hac
phosphate-type film guch Ilms fo %F %p base net&{ s%#%gggs
cont ai n from abBGF 28RS HbIIANS an%? X}k CSr GREDH T SE L 58P 11
w. % of iron, beanramieritlpcabritd2itvusigofa unq@ermmriemthcj fams® to
A it 1o 0h kPl rolRRROFSS Subludd BA PLBSER! 30 REHMAAY (B 1ovea

phosphati ng net al aces can be carried out using phosphat
sol uti ons by spP¥ydiseenkinpingthe freraakment §Prb?bauéo§dﬁ9u%ﬂ §ﬁ°@Pd§uch

treatments. Spaad ﬁﬁ@atgis%t e@eatlng dfain Lf%iabltyléasefi @é&ﬂl&y SREAYI ng
for 5 or nore seconds.in or

exhibits the degl?%ﬁP%éﬁ?ﬁ?ngﬁeé ﬁ&th%Q?ﬁgfggg % OSBE%%%?f t V\gﬁsbe

conveni ently cacytckd oah helagralegcbetconpeystngcélbstthrepraimbseatnent
for about 5 to about 30 seconds, followed by discontinuing the treatnent
for about 5 to 30 seconds, and then spray treating again for at least 5
seconds, with a totaDlnptagatmeatnnﬁtusnaﬁlﬁfmareléasbe4prg§e@ne§ thhns

cycle can be cagpigd epbatReRt N Gfe Prdd¥Le Jfl ¥Re present invention.
In order to form an adequate phosphate £film which exhibits
the desired performance characteristics, the dip treatment
is usually effected for at least 15 seconds, preferably for
about 30 to about 120 seconds. Also, treatment can be
carried out by first dip treating for at least 15 seconds
and then spray treating for at least 2 seconds.
Alternatively, the treatment can be effected by first spray
treating for at least 5 seconds, and then dip treating for
at least 15 seconds. The former combination of first dip
treating and then spray treating is especially advantageous
for articles having complicated shapes like a car body.
For such articles, it is preferable to first carry out a
dip treatment for from 30 to 90 seconds, and then carry out
the spray treatment for from 5 to 45 seconds. 1In this
process, it is advantageous to effect the spray treatment
for as long a time as possible within the limitations of
the automotive production line, in order to remove the
sludge which adheres to the article during the dip
treatment stage.

In the present process, the treating temperature can
be from 30 to 70°C, preferably from 35 to 60°C. This
temperature range is approximately 10 to 15°C lower than

that which is used in the prior art processes. Treating
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Dip.tregtnent is usually nore to be preferred than spray treatnent in the
process of the present invention. In order to forman adequate phosphate
filmwhich exhibits the desired performance characteristics, the dip
treatment is usually effected for at |east 15 seconds, preferably for about
30 to about 120 seconds. Al so, treatment cantbé carried out by first dip
treating for at |east 15 seconds and then spray treating for at |east 2
seconds. Alternatively, the treatnment can be effected by first spray
treating for at remperstygesndelamnd I10th sheuldeaptnypel set dweastolsn

seconds. The forgRace8pbaRRE PAcPEaber Sh Wi dimRAllRGh iz theproRu@% an
treating i s especiall dvant ageous for articles_having conplicated shapes
li ke a car body.a?SFQSé%ﬁﬁrFP% it F?ﬁ&%ﬁ%ﬁ%ﬁke%ﬁ%qiggﬁ S3LH0F a
di p treatnment fotehpenaBlreoi8Oteechhds, thd phesphatiggoatceéherspoayis
treatnment for fr o] n ' S Ll JSsa e to
effect the sprayggkggéggéé ?ﬁ? ggéF%%gp%Q%?ﬁg£§ggp%§s#%fégaﬁg%ﬁﬁgﬁﬁegﬂa
linmtations of t&emponenbsiire thecsotetben timbecpneoinkalancedmmdenakéng
sl udge which adhegeg;kpibhetathi 6b€afH! 580: LREEoPy ! bRALERAE S ilﬂﬁfc' n the

present process, the treating tenperature can be fTom30 to 70[err
preferably from35 to 60[err]C. This tenperature range is approximately 10
to 15[err] C | ower thapntégtaphtrdatfentsed 4 Rdnverildn® spirhyPppeesses. is
Treating - 11 _- tegpgrgtu%e% ?elg&/ 30[err] C should not be used due to
an unaccept abl e FF2Pels® TR ¢hBI{tRer equired to produce an acceptabl e
coating. Conversely, when the treating tenperature is too high, the

phosphating accel erat g5 45 SEHRIPWRAANY FXEPSSrBEGRbRL (A Rrles thidntedn
causi ng the ) . . .
the process of the present invention 1s a dip treatment or

a combined treatment using a dip treatment first and then a
spray treatment.

An advantageous procedure for treating metal surfaces
using a series of pre—-coating treatment processes followed
by phosphating in accordance with the process of the
present invention is as follows:

A metal surface is first subjected to a spray
treatment and/or a dip treatment with an alkaline
degreasing agent at a temperature of 50 to 60°C for 2
minutes; followed by washing with tap water; spray
treatment and/or dip treatment with a surface conditioner
at room temperature for 10 to 30 seconds; dip treatment
with the solution of the present invention at a temperature
of about 30 to about 70°C for at least 15 seconds; and
washing with tap water and then with deionized water, in
that order. Thereafter, it is desirable to after-treat
with an acidulated rinse common to the industry such as a
dilute chromate solution. This after-treatment is
preferably adopted even when the present invention is
carried out by spray treatment or by a combined treatment
comprising a spray treatment, followed by a dip treatment.
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copgponepts in the solution to becone unbal anced and making it difficult to
obtain satisfactory phosphate filns. In spray treatnents, a convenient
spriay pressure is from0.6 to 2 Kg/cnferr]G As descri bed above, a
preferred node of treatnent in the process of the present invention is a
dip treatnment or a conbined treatnent usirnd2a-dip treatnent first and then
a spray treatnent. An advantageous procedure for treating netal surfaces
using a series of pre-coating treatnment processes followed by phosphating
in af:cor dance \Nisymﬁmcm@mgthd‘s a Higepreseitndenity £ At plodsplsates ffidk whibch A
metal surface ig.{irs o vt I eat gen i .
treatment with & eFkéFé%gége‘%oﬁgasslom%_slpe ajISt n% ggrﬁ%er Q?(éjr e ‘g% g;g%ttl(?g
60[err] C for 2 eanubespbitalineded by washing with tap water; spray treatnent
and/or dip treatnent with a surface conditioner at roomtenperature for 10
to 30 seconds; dip treatnent with the solutiaon of the present |nvent|on at
a tenperature of aboWhelp GRXERINE Poterthe Adp é%r‘F%‘é@?nIS oFeclees dignd

washing wth tapreiteie@drbhabwed mﬂespﬂa;vetix\w'@ﬁentn Wﬁﬁtcwrﬂﬁrthe
after-tr an acjdul ated. ri nse conmpn

Thereafter, it is eS|r%bL
(6 the | ndust ryPERCRTRER RPRELBT Rethed &% Shi PORSERh, SAFTEIon o déht i s
preferably adop'ad&aatagewiusntd: e epare st iicrameows phespaaltieeso but i dy ofpr ay

treatment or by ﬁec g%% EB%%%%&B% Eggglng&?%la spray treatnent, followed

byachptmmumm ntro s after-treatnent, a
phosphate fil mwhich gives greater corrosion-resi stance to a siccative

coating can be obtaipeqd. from 0.5 to 1.5 g/1, preferably from 0.7 to 1.2
g/l, of zinc ion,
bt') from 30 g/l, preferably from 10 to 20 gfl, of
phosphate ion,
ct') from 0,8 to 3 g/l, preferably from 0.8 to 2 g/1,
of manganese ion,
d') at least 0.05 g/l, preferably from 0.1 to 2 g/1,
of a fluoride ion, |
less than 0.5 g/l of chloride ion, and

L ()
- =

a phosphating accelerator in a guantity given

above
(hereinafter referred to as the "dipping solution").

When using the above dipping sclution in the process
of the invention on a metal surface, especially a metal
surface which includes both an iron-based surface and a
zinc-based surface, there is formed thereon in an economic
manner a fine, even and dense phosphate film which provides
excellent adhesion and corrosion-resistance to coatings
formed by cationic electrocoating, and which is
substantially free of white spots.

In practising the present invention concentrated
aqueous compositions are employed for formulating the

acidic agueous phosphate solutions used in the process of
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When carrying out the dip treatment or the dip treatment followed by spray
tteatment, which is the preferred treating method of the present invention,
it is advantageous to use an aci di c aqueous phosphate solution of the
present invention conprising: a') fromQ.5%;t0 1.5 g/l, preferably fromO.7
to 1.2 g/1, of zinc ion, b') from30 g/l, preferably from10 to 20 g/l, of
phosphate ion, ¢') from0,8 to 3 g/l, preferably from0.8 to 2 g/l, of
manganese ion, d!) _at |least.0.05 |, preferably. from0.1 to 2 g/l, of a
fluoride ion, eg?elﬂﬁﬁ§?% n18Y§Wﬁ¥°Qﬁ cﬂﬁﬁﬂqﬁiq%ﬁ,agﬁﬁquﬁ tﬁgatlng
phosphat i ng accsbntiiionsiare conzenieytdlyvaepdoed Hyhal puhahyein aghebned t o
as the "di ppi ngsgal U1 Ye ¥ﬁ§%p“%dk¥%fﬁéago%%ﬁ¥é§”89 %%‘“+8fu£§o%he
process of the invention on a imetal surface, especially a Mt al Csurface
whi ch includes boghedaentenimaproperuveight aratiosi aodobken aiding otherer e

is formed theregRgkrBa®BnSOHShecHBANEH Briphte EBMENtRBHtIRHSERLRIRRRL E
fil mwhich provides excell ent adhesi on and corrosion-resistance to coatings

formed by cationic electrocoating, and which is substantially free of white
spots. | n practi si ngThae cpheeatiraitee Ririeo ety afjioemilated to

col Lt ons used SRAFRGRYE bReclons PO ', Febl UL 3eh, PaTieETRe
aci di ¢ aqueous ienatang eptiehahiyanickehvéanenihyapvepghtdpbyppdirtibnngtan
aqueous 0.1 to2: 5 to 50 : 0.2 to 4 : at least 0.05 : 0.1 to 4.

The concentrates preferably contain a weight proportion

of the above ingredients of

0.5 to 1.5 : 10 to 30 : 0.1 to 3 : 0.3 to 2.

The concentrates are preferabkly formulated to contain
at least about 25 g/1, more preferably from about 50 g/1 to
130 g/1 of zinc ion. However, care must be taken in
forming the concentrates. For example, when manganese ion
and complex fluoride ion are present together in a
concentrate with sodium ion, a precipitate is formed.
Also, it is not advisable to add any phosphating
accelerator to the concentrate, since the accelerators tend

to decompose and cause other problems.

As an example of a useful concentrated aqueous
composition, there is formulated a concentrated composition
comprising 3.0 wt. % of zinc oxide, 1.8 wt. % of nickel
carbonate (IX), 48.2 wt. % of 75 % phosphoric acid, 10.0
wt. % of manganese nitrate (II) hydrate (20 wt. % manganese
content), 7.9 wt. % of 40 % fluorosilicic acid, and 29.1
wt. % of water. This concentrate is then diluted with
water to 2.5 vol. %, followed by the addition of an agqueous
solution of 20 % sodium nitrite to give an acidic

phosphating solution of the invention.

In order that the invention may be well understood, it
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cpncentrate whi ch contains a nunber of the sol ution |ngred|ents I n proper

wei ght- rati os, and then addi ng other ingredi ents as neededhisghgst R
treating solutions. The concentrates are advantageously for

contain zinc ion, phosphate ion, manganese ion, fluoride io

optionally nickel ion, in a weight proporifon of 0.1 to 2 : 5 t

to 4 : at least 0.05: 0.1 to 4. The concentrates preferably contaln a

wei ght proportion of the above ingredients of 0.5 to 1.5 ; 10 to 30 :

0.1to 3 : 0.9i110 ndw Bke fapnaesir deecrmiice@r @éhertald yptarcmiled kdand
contain at | east bout 25 /1 efe I oyt 0 g/l
of zinc ion. ﬁg Wg’ﬁﬂgﬁ?b encﬁﬁ 0%%?2%9 hglégggg%%ﬁggé For
exanpl e, when Bhbganesethe)rfodr}@mmngEﬂmPllaéram qwaavraénpfee%mnptle@et her
In a concentr agg i%tt@ rh‘mx‘élﬂ%oda REGELEH! alifat SnbEPrEsenWisRenitlions not
advi sabl e to add any p ting acceleratof to the concentrate, since the
accel erators t &gdnes éé@é#ﬁés§°aﬁBe§3u§§aBPH§F problems. As an exanple of a
useful concentrated aqueous conposition, there is fornulated a concentrated
conposi tion conprising 3.0 W . @6of zi nc_oxi de 1.8]yw. @pr3n|ckel
carbonate (11)Exagpieg 1 e —G—W—9% of nanganese
nitrate (I1) hydrate (20 mﬂ % manganese content), 7. 9 w. %of 40 %
fluorosilicic acid, 4gnd % i § gnkrate is then
diluted with water 3 M%%a& WB bé %BFgQESEg t her%ggﬁklon of an aqueous
sol ution of 20 %)sodlum ﬁlﬁptﬁegﬁévgnﬁéeénsééﬁél@lpﬁGSphatlng sol ution of

tlze_' nvention. In orgsr ahatict RgueduanhespiRtebeotitiosnder st ood, it -

The compositions show in Table 1 were used

(3) Treating process:

The surfaces of the above metal were
simultaneously treated in accordance with the following
processes:

Degreasing, water washing, surface conditioning,
phosphating, water washing, pure water washing, drying,
coating.

(4) Treating Conditiouns:

(a) Degreasing

Using an alkaline degreasing agent ("RIDOLINE
SD200" made by Nippon Paint Co., 2-wt. % concentration),
spray treatment was carried out at 60°C for 1 minute,
followed by dip treatment for 2 minutes

(b) Washing with water:

Using tap water, washing was carried out at room
temperature for 15 seconds.

(c) Surface conditioning:

Using a surface conditioning agent ("FIXODINE 5N-
5" made by Nippon Paint Co., 0.1 wt. % concentration), dip
treatment was made at room temperature for 15 seconds.

(d) Phosphating:

Using the above acidic agueous phosphate
solution, dip treatment was carried out at 52°C for 120
seconds

(e) Water washing:

Using tap water, washing was carried out at room



Wi 1 I',\now be further described in the practical and preferred enbodi nents
thereof which are illustratively shown in the follow ng Exagp 83,

invention is not limted to these Exanples. Exanples 1 to 3

Conpar ative Exanples. It is to be understood, however, that By

Exanples 1 to 3: (1) Metal to be subj ecfed® 5 treatnent Elec

st eel

0 Replaced

plate (2) Acidic aqueous phosphate sol ution The conpositions show in

Table 1 were used (3) Treating process: The surfaces of the above netal
wer e si mul t anetempprataaecdoirn 1acseceadse with the fol | owi ng processes:

Degreasing, water washingr)sgi,fi-aCGaterdivhsfRhgy. Phosphating, water
washi ng, pure water washing, dryjng, coating. 44) Treati n% Condi ti ons:
At

Degr easi ng Usi ng an al kalUSA®IRGruEsT ¢ vage

IREpeREREn

Ni ppon Paint Cat, rdowt telpesataner &oironk, sepbayst.r eat ment was carri ed
at 60[err]C for 1 mnute, foJBI owed ly di % trg\%tangnt. fogl %ginutes. lr%z
Washing with water: Usi nd % apr¥hPe™aGanrA§naLt et B8 Tobt ¥R 3@t
t enperat ure fonod3Cs€oende. miontssr.f ace conditioning: Using a surface

condi tioni ng agent ("FlI XgﬂleN%p\%? nglggag)? Ry, M p@ﬁé‘sﬁﬂf‘éd 1at%51:hu\gt . %

concentration), dip treatnent

room tenperature f1or

(a)

out

DD e ffegd-esy

seconds.

(d) Phosphat i ngbtedneg and Hwveightdet Wsupbasprprésphble Wnaehiwerd p
treatment was getkre@dnedt. at 52[err] C for 120 seconds

(h) cCoating:

A cationic electrocoating composition ("POWER TOP

U-30 Dark Grey" made by Nippon Paint Co.) was coated to a
film thickness of 20u (voltage 180 V, electricity applying
time 3 minutes), and the surface was baked at 180°C for 30
minutes. A number of each of the resulting electrocoated
plates were used for the brine spray test.

The remaining non-tested electrocoated plates were
coated with an intermediate coating composition ("ORGA
T0778 Grey" made by Nippon Paint Co.) to a film thickness
of 30u then with a top coating composition ("ORGA T0626
Margaret White" made by Nippon Paint Co.) to a film
thickness of 40u to obtain coated plates having a total of
3-coatings and 3-bakings, which were then used for the
adhesion test and the spot rush test.

(5) Test results:

The results are shown in Table 2. Each test
method is shown below.

(a) Brine spray test (JIS-Z-2871):

Cross cuts were made on the electrocoated plate,
on which 5 % brine spraying was carried out for 500 hours
(zinc-plated steel plate) or 1,000 hours (cold rolled steel
plate).

(k) Adhesion test:

The coated plate was dipped in deionized water at
50°C for 10 days, after which it was provided with grids
(100 squares each) made at 1lmm intervals with 2mm intervals
using a sharp cutter. To each surface of the thus treated
plate, and adhesive tape was applied, after which it was



(e) Mer washing: Using tap water, washing was carried gyt @gtqag)gmlaeplacedS
- ténperature for 15 seconds. (f) Pure wat er washi ng: LBl

vmter, dip treatnent was effected at roomtenperature for mm Hgggmﬁ
EXylng was carried out with hot blown air gt 100[err]C for he
appear ance of each phosphated plate thus ained and the wei ght of the
phosphate fil mthereof were deternined. (h) Coating: A cationic

el ectrocoating conposition ("POAER TOP U-30 Dark G ey" nmade by N ppon Paint
Co.) was coat e®eeded PEENRRA| Ek@aanksr 2] Ehe] renainiys agoted sduangs city
applying tinme Znmdne %&:)ate@@:lfalt% silsf @ernwag baked at 180[err] C for 30

m nutes. A nunber of each 5 S resultl g el ectrocoated plates were used
for the brine spray test.( h@ “tested el ectrocoated pl ates
were coated with an int elPredienice Gﬁawhmgecmﬁsntra@re:(aﬂﬁ%WKﬁsﬁaﬂy
made by Nippon @ @V to a filmthickness of 30[err] then with a top
coati ng conp05| a TO626 Margaret Wiite" made by N ppon Paint Co.)
to a filmthi ckness of 4@.errnot ¥hdeaispodoat ed pKat-es wdbengrotisot al of
3-coatings and 3- balgiqsy 1 YHhGH yer g g@%m&' kare é@foﬁd%%xoaséggi@nd

the spot rush test. (5) Test results: The results are showi in
Each test nethBRALOSRBRA EARDWIREN M PEBFEPaet (YhdtR 28pef: of

phosphate film on electro galvanized steel plate.



Ceoss euts were nade on the el ectrocoated plate, on which 5 % brine
spraying was carried out for 500 hours (zinc-plated steel plate) or 1, 000
hour s (cold rolled steel plate). (b) Adhesion test: The coated plate was
di pped in deionized water at 50[err]C for 10 days, after which it was

provided with grids (100 squares each) made Immintervals with 2mm
I ntervals using a sharp cutter. To each surface of the thus treated plate,
and adhesive tape was applied, after which it was - 16 - peeled off and

t he nunber of the renmining coated squaigs O the coated plate was counted.
(C© Wiite spot test: Presence of white spots was exam ned by visual

observation O .. no white spot X... white spots Additionally, a
scanni ng el ectron m croscopi c _phot ograph confirned the presence of white
spot of phosphate fifl mon el ectro gal vani zed stjeel plate. - 17 - Table 1
Conposition of acidi@mposition of acidixanpl e |agueous e sol ytion
1 2 3 Zmpquedush ghysphate solution 1.0 2.0 3.
PJerr] ion (") 14.0 14.0 14,0 M ion (")
2.0 2.0 Ni ion 0.3 0.3 0.3
Zn ion (g/l) 1.0 1.0 1.0
PO4 ion (" ) 14.0 14.0 14.0
ion (") 2.0 2.0 2.0
i ion ( ") 0.3 0.3 0.3
SiFg ion ( " )
(as F 1on) 1.0 1.0 1.0
0, ion ( ") 0.06{ 0.06]| 0.086
0, ion ( ") 4.0 4.0 4.0
10, don ( " ) 0.2 - -
Chloride ion ( " ) 0.4 0.2 0.4
otal acidity (Point) 20.5 20.5 20.5
Free acidity ( " ) 0.9 0.9 0.9
cid ratio 23 23 23
Composition of acidic Comparative Example
aqueous phosphate solution 1 2 3
Zn ion (g/1) 1.0 1.0 1.0
PO4 ion 14.0 14.0 14.0
Mn ion ( " ) 2.0 2.0 2.0
Ni ion ( ") 0.3 0.3 0.3
SlF ion (")
(as F J.on) 1.0 1.0 1.0
NO,, ion ( ") 0.06 0.06 0.06
NO, ion (" ) 4.0 4.0 4.0
C10, idon ( " ) 0.2 - 2.0
Chloride ion ( " ) 0.6 0.6 0.8
Total acidity (Points) 20.5 20.5 20.5
Free acidity ( " ) 0.9 0.9 0.9
Acid ratio 23 23 23
This Sheet Has Been Rep

Ml

[

11



S|F[err] ion (") (as F ion) 1.0 1.0 1.0
NCIerr_]“—.l on (") 0. 06 0. 06 0. 06 NCIerr] ion (")
4.0 4.0 4.0 dderr] ion (") 0.2 -
Chloride ion (") 0.4 0.2 0.4 Total acidity (Point)
20.5 20.5 20.5 Free agidity (") 0.9 0.9 0.9 Acid
ratio ™ 2 823 S22 23 Conposg t™pn of acidic o o
Conparative Exar‘rpte aquemusg pho%phate-sol ution ool 2 = )
ion (g/l) 11709 31D 10Pqerr§ Bbn 9L
14.0  14.0 1£0i6h )Y — 22 2.0 g0 i<o°N|‘“‘°f?on%
(") o 0.8 %0.3 0.3 SiF[err] iorg(gg' ) (as F°1 on)
1.0 1.0 1.0 NJerm] 1on (") 0.06 0.06 0.06
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-accordling to the invention comercially highly acceptabl e phasphate
coatings are produced while using solutions conposed as |n the conparative
'exanples (in which the chloride ion |evel is over placed
comercially unsatisfactory coatings. Lt;gsbould be no H "
Exanple 1 contained a small quantity of chI orate ion ( did
not deleteriously affect the results obtained using the fresh bath, it is
not recommended that the conposition of Exanple 1 be enpl oyed connercially
since maintaining even this low chlorate level in the bath as the bath
continues to be used wll eventually result in the reduction of sufficient
chlorate ion to el guat h | o] 5 The I
enpl oyed in the pr(?bsgscga%rg %F‘ cor%‘?g?lﬁ% %g?gﬁoﬁggé%angébg’&g‘o%ll
chlorate ion. motpgsgspl@@%wylptéms egornaseacheasolnt itdre coxaapdsho

chlorate. The U&3RMNng BYS¥Hd Qﬂvbﬁt‘i@)’xa@:fo%&%?‘éﬁa'ﬂ 4L P U8B0t S,
especi al Iy on gal vani Zed steel, particularly he phoSphat.ing treatnent

conpri ses di pfl Pq?F%d?%ﬂPé@@§u§r§nﬁ&ﬁ4ﬂ9ﬁd(ﬂh%%% B?bE€s§QW%¥%Rﬂ§nlon
cont a:c ns at Ieﬁﬁ:tpcaé;m:f taéb 9h ghg ce,amwaaﬂ\ae aéxd/uepm?sabant whikhg/theof |Z: nc
ion, for insta rom.abo 5t u zinc ion, especially
when t he phosﬁx‘gﬁﬁféﬂ? FEat #’Sﬁ?l esreg % %{)??13) NI To T T3] el eous
enbodi nent oftnﬁEaQNSﬁaﬂnpnyuﬁqaﬁnngson enpl oyed contains at |east about 15
g/l of phosphate ion, for instance fromabout 15 to about 50 g/l, - 20 -
especially from about 15 to about 30 g/l, of phosphate
It should be noted that while Example 1

contained a small quantity of chlorate ion (0.2 g/1) which

did not deleteriously affect the results obtained using the
fresh bath, it is not recommended that the composition of
Example 1 be employed commercially since maintaining even
this low chlorate level in the bath as the bath continues
to be used will eventually result in the reduction of
sufficient chlorate ion to elevate the chloride ion above
0.5 g/1.

The solution employed in the process preferably
contains not more than about 0.2 g/1 of chlorate ion. It
is especially preferred that the solution contains no
chlorate.

The present invention is advantageous in avoiding
white spots, especially on galvanized steel, particularly
when the phosphating treatment comprises dipping.

In advantageous embodiment of the process the solution
contains at least about 1.05 g/1, especially at“least about
1.1 g/1 of zinc ion, for instance from about 1.05 to about
1.5 g/l of zinc ion, especially when the phosphating
treatment comprises dipping.

In another advantageous embodiment of the process the
solution employed contains at least about 15 g/l of
phosphate ion, for instance from about 15 to about 50 g/1,
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.kom #n a further advantageous enbodi ment of the pr ocess';hlggheetm;%jﬁ?ﬁwd

eppl oyed contains nore than about 4.0 g/l, especially nor

g/l, of nitrate ion. Thus, the solution nay contain from

15 g/I , especially from about 5 to about»40_g/l, on ni tra

further advantageous enbodi nent of the process the solution enployed
contains fromabout 0.3 g/l, especially nore than about 0.4 g/I of ni ckel

ion. Thus the sol uti may.. cont.ai n f abouyt bout

especial l'y froefﬁpaeoo’tﬁoﬁoy Zté(’f%m ARt {gﬂ: goﬂg égl %, e%tgom%? ageous
enbodi ment s arimrespeci al | y advant ageous for the avoi dance of white spots
and the provision of other advantageous properties to the phosphate

surface. Wien a solution is stated herein to c%grl se specified
ingredients, in a prefefhEghertRATaRIAI¢UE GIHOKINATS oft FheIBrefeshese

i ngredi ents. Fiqy@vasm@ﬁaﬁla\%uh%%d Qbrita IHP AR tHdn isbdBasgI@dg ey ein in
ternms of F ion ocess forﬁg{_]osghatl ng a netal

A pr
surface conpri®SRRFIFELR MAFS ﬁe‘aﬁef‘&f’ué:ugf ﬁze'm?fhn Ef i 20 aqUBYR
phosphat e sol tﬁne)rsd,lutz\twmhnamecexstahhi shes abdutiabnta momt:mrmeﬁl,ati on

of at nost O. 29% rﬁjo‘?{ aalﬂ(;(l@g; c& %%%e__l %HI o J?ﬁ;.:})%?e S{@U est

practical conce never excee sai d
sol ution conpri si ng. a) fromO. 1 to 1.5 g/I of zinc ion, hb)

from5 to 50 g.1 ofrphospbat guk-@her advantageous embodiment of the
process theasolutionfemployed.contains from about 0.3 g/1,
especially more than about 0.4 g/l, of nickel ion. Thus
the solution may contain from about 0.4 to about 4 g/1,
especially from about 0.4 to about 2 g/1l, of nickel ion.

These advantageous embodiments are especially
advantageous for the avoidance of white spots and the
provision of other advaﬁtageous properties to the phosphate
surface. '

When a solution is stated herein to comprise specified
ingredients, in a preferred embodiment it consists

essentially of these ingredients.

However the fluoride ion is provided, it is measured

herein in terms of F ion.



g) » fromat least 0.2 to 4 g/l of manganese ion, d) at | east
0. 05 g/-l of a fluoride ion, and e) at | east one of the follomﬁng )
‘phosphati ng accel erators in t he foll owi ng concentrati ons: from
0.01 to 0.2 g/l of nitriteion, ii) from1l to 15 g/l of nffhlsslteetﬂaaﬁeeniRﬁpl ed
from0.5 to 5 g/l of hydrogen peroxi de=(Bdsed on 100% H[err

from0.05 to 2 g/I of mnitro-benzene- sultonate ion, v)

g/l of mnitro-benzoate ion, and vi) fromO0.05 to 2 g/l of p- n|trop enol .
2. A process according to claim1l, | GLMMSh the sol ution enpl oyed
conprises fromO0.5 to 1.4 g/l of zinc ion. 3. A process according to
claim2, in which the solution enployed conprises fromO0.7 to 1.2 g/l of
zinc ion. 4. 1A prRdddlCessoryi %0%5*‘%1\"%/“%@ Pe&adr ERESRRE EPBPREESING whi ch

the sol ution enpdaybty m@pﬁé&es sttrgace witBanddidic pgosehet ghoSPhate - 22

- 5. A [ m. 4 | yt l, d
oo AL e TR T ol Tt JROELERLAS SN RIS,
claimb5, in wriekcenkrablion p@na’empJIS(ty@dZ enipand axrdfamdly no Al ordtef

Phe 5ol i on eral Sredomonar: cud I paBhicn EpAkiRedatPor nebliy ! €
[Nocessemconﬁﬁﬁeﬁékﬂ@ 8f 5t - br@ﬁﬂﬁhéoﬁkﬂﬁleﬂ} Psaid solution
comprising:

a) from 0.1 to 1.5 g/l of zinc ion,

b) from 5 to 50 g.l of phosphate ion,

c) from at least 0.2 to 4 g/l of manganese

ion,
d) at least 0.05 g/l of a fluoride ion, and
e) at least one of the following phosphating

accelerators in the following
concentrations: '

i) from 0.01 to 0.2 g/1 of nitrite ion,

ii) from I to 15 g/l of nitrate ion,

iii) from 0.5 to 5 g/l of hydrogen peroxide
(based on 100% H,0,),

iv) from 0.05 to 2 g/l of m-nitro-benzene-
sulfonate ion,

v) from 0.05 to 2 g/1 of m—-nitro—-benzoate ion,

. and
vi) from 0.05 to 2 g/l of p-nitrophenol.

2. A process according to claim 1, in which the solution
employed comprises from 0.5 to 1.4 g/l of zinc ion.

3. A process according to claim 2, in which the solution
employed comprises from 0.7 to 1.2 g/l of zinc ion.

4. A process according to any of the preceding claims, in
which the solution employed comprises from 5 to 30 g/l of

A

phosphate ion.
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whirthet he sol ution enpl oyed conprises fromO0.6 to 3 g/IT%f n ahééé“}on.
9+ A process according to claim8, in which the soluti or f n Replaced
conprises at least 0.8 g/l of manganese ion. 10. A proc , ”' ﬂo

claim9, in which the solution enployed g@narises fromO.
manganese ion. 11. A process according to any of the preceding clainms, in
whi ch the sol ution enployed conprises fromO0.1 to 3 g/l of fluoride ion.

12. A process accordi to,claim1l, | i_ch the,sol.ution. enpl d
corpri Ses 1 ronbo.3 PAPee sPrareLEe T 47 5 Pkt Ing RR R Ren o any
of the precedi egptbredsconprikeshat hkeast uld 0w/ Enpf opledspbapei sesB.from 1 to

10 g/I of nitrate ion. 14. A process according to any of the preceding

clains, in which the solution enplqyed conprises one or nore of _the
fol | owi ng accefer at BrRFGLIHECFOFPASRAPNEC St 8» 1) whighythe selubignis /|

of nitrite ionemployer 88hgrifesd Hfémofo ntérme?}prbfiﬁms hatelibn. 1.5 o/
of hydrogen peroxide - 23 - (based on 100%Herr]dgerr]), iv) from 0.1
to 1.5 g/l of mnitro- benzene-sul fonate ion; v) fromO0.1 to 1.5 g/l of
m ni trobenzoat®. i onA mmtessg acicorditgltdoady mfjcladisplntd rgpieanwhicAS5. A

Gmpl oyed- conprtags "1 HRhH Sl A £F 2LRE-LBERr ol 457 €], B0 GELRE o 20
g/l of phosphapkosphate ion.

8. A process according to any of the preceding claims, in
which the solution employed comprises from 0.6 to 3 g/1 of
manganese ion.

9. A process according to claim 8, in which the solution
emnployed comprises at least 0.8 g/l of manganese ion.

10. A process according to claim 9, in which the solution
employed comprises from 0.8 to 2 g/1 of manganese ion.

11. A process according to any of the preceding claims, in
which the solution employed comprises from 0.1 to 3 g/l of
fluoride ion.

12. A process according to claim 11, in which the solution
employed comprises from 0.1 to 2 g/l of fluoride ion.

13. A process according to any of the preceding claims, in
which the solution employed comprises from 1 to 10 g/l of
nitrate ion.

14. A process according to any of the preceding claims, in
which the solution employed comprises one or more of the
following accelerators in the following amounts:

i) from 0.04 to 0.15 g/l of nitrite ion,
ii) from 2 to 8 g/l of nitrate ion,
- e e———3ii) from 1 to 1.5 g/l of hydrogen peroxide

L]



‘e)‘;@‘érom 0.8 to 2 g/1 of manganese ion, and d) fromQ. of a

1to 2 g/l
fluorirde ion. 16. A process according to any of the pre eplacest
‘whi ch t'he sol ution enpl oyed conprises fromO0.4 to 4 g/l l H I :ﬂ 17.
A process according to any of the precediyng_clai ns wherei S

a

treated which has a surface based on iron, a surface based on zinc or
surface based on alum nium or a conbination of such surfaces. 18. A
process according to claim 17 mhergin th&tgr%écle treated has an iron-based
surface and a zi nc-based surf&285¢4gon 190% HzQz): according to any of the
precedi ng cl ai ns, whereifivi hefrioemt Pent itsocaltbedggut aif a menfjdrmbure in
the range of from30 to 70[erﬁ% e ‘Séﬁfgﬁgfés-ggcording to any of the
precedi ng clains wherein the chloride concentfratioh i s maintained bel ow 0.
5 g/l by discarding a poYlionfeemtthd t6|1x5 gAlvpieR-DHi&rohesziogdd 2onk
approaches 0.5 g/l and repl enjgshing the solution as needed with one or nore
of the solution conponents which are substantially free, fromchloride -
24 - jon. 21. A process %ttor®Feg Yol aty %fst%élﬁggcga?hbreP%?ﬁ%}°mherein
following the treatnent the netal surface is rinsed and el ectrocoated. 22.
A process accoydin claim2 rein_the al_surface is _cationically
el ect rocoat ed.‘{g?,. %&%nggsssgégéggﬁ’gﬁﬁg:ct 8n§n(§/g§ et%lée%?%%%%ic al&sai e,
wherei n the treaieenthe ssetntien eouwwloyed preyprisasment. 24. A process
according to any of the preceding clains,

a) from 0.7 to 1.2 g/l of zinc ion,
b) from 10 to 20 g/l of phosphate ion,
c) from 0.8 to 2 g/l of manganese ion, and

d) from 0.1 to 2 g/1 of a fluoride ion.

16. A process according to any of the preceding claims, in
which the solution employed comprises from 0.4 to 4 g/l of

nickel ion.

17. A process according to any of the preceding claims
wherein an article is treated which has a surface based on
iron, a surface based on zinc or a surface based on

aluminium, or a combination of such surfaces.

18. A process according to claim 17 wherein the article
treated has an iron-based surface and a zinc-based

surface.

19. A process according to any of the preceding claims ,
wherein the treatment is carried out at a temperature in
the range of from 30 to 70°C.

20. A process according to any of the preceding claims
wherein the chloride concentration is maintained below 0.5
g/l by discarding a portion of the solution when the
chloride level approaches 0.5 g/l and replenishing the
solution as needed with one or more of the solution

R R 00 O

components which are substantially free from chloride
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whegegn the treatnment is carried out by dip treatnment. 25. A process
4aecordidng to clainms 23 and 24, wherein the dip treatnment is cafried out for-
at |least 15 seconds and is followed by spray treatmnment forTidshe®®sdBeédn Replaced
seconds. 26. Metal surfaces whenever phogphated by a procesi

[
any of the preceding clains. 27. Metal surfaces according t m!’ﬁmggm
wherei n the phosphate filmforned on the fetal substrates has
content in the;gange of from1l to 20% by wei ght, based on the weight of the
film )

21. A process according to any of the preceding clainms,
wherein following the treatment the metal surface is rinsed

and electrocoated.

22. A process according to claim 21, wherein the metal
surface is cationically electrocoated.

23. A process according to any of the preceding claims,
wherein the treatment is carried out by spray treatment.

24. A process according to any of the preceding claims,
wherein the treatment is carried out by dip treatment.

25. A process according to claims 23 and 24, wherein the
dip treatment is carried out for at ieast 15 seconds and is
followed by spray treatment for at least 2 seconds.

26. Metal surfaces whenever phosphated by a process
according to any of the preceding claims.

27. Metal surfaces according to claim 26, wherein the
phosphate film formed on the fetal substrates has a
manganese content in the range of from 1 to 20% by weight,
based on the weight of the film.
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