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- 1 - DESCRI PTI ON METALLI C MATERI AL HAVI NG
CHROVATE- FREE- TREATED SURFACE EXCELLENT I N CORROSI ON
RESI STANCE, HEAT RESI STANCE, ANTE- ™5 FI NGERPRI NT
PROPERTY, CONDUCTI VI'TY, CQOATI NG PROPERTY AND BLACK
DEPCSI T RESI STANCE DURI NG PREEERSPHMGORECHNI CAL FI ELD
The present invention relates to a chromate-free 10

oS e LG CoROM S REL A oD suvrace

I esi SX@PCEENTANICIDRR OSION, RESIAT ABICH, Hyr:maﬁﬂs lﬂTan“R@E,l AYTI-

resistance at  the tine of rKki

o pivararrnys PROBRRIT st P oy SATRGYRAZRTY AnD
exce' I ent jnaageEPOSIT RESIBTANCE BLRING PROCESSING
material and inparting corrosion resistance,

fingermark resistance, etc. to the surface of a netal

mat eri al é;xkéﬁ hronate treatnent of the
surface(ﬁé§ﬁ$i§ nmaterial by a treatnent solutlon
conta|mrmheﬁpxﬂn@nec1mventﬂ¢nhr%hﬁéeﬁcFQ apfFhgougfe-tree

t hergf r%ﬁébf@@ﬁﬁ §ft at@rifBt YoEhokxteeakhRgcbirrosion
by a p os hat e treating it by a si

coupiasrngsta@fefm drerie, rgsqq%t%@fﬂofflflﬁéafﬂﬁﬁ FFSW%&HCE'

org%mﬂhﬁé%ﬁ§h€§alé@@ta@i£1t9aVQnQeEmacﬁénKﬂngeam@tance at
put into use. technol ogy mainly using i norganic

i ngrt dhtrse 9P W?O’@EU%MGO A descri bes a netal

surface tggekoROMNAIERT containing a vanadi um

conmpound and a net al ound .including at._l.eas :

et al sel%%t%ﬂn?¥%ﬁ1z??ggﬁFBﬁ?lggl?ﬁtgﬁguﬁ§Vl%% - %%%tlng.
mol yhedesument ungsi@nes hangaoeshe andfeeei g a Ostedematerial
ot her hand, as.technol o n ly a
couﬁ??ﬂg“E@%ﬁYln?EF%rﬁgngﬁgr?gégﬁégc¥{egﬁﬁ eQ%%rk
ﬁetakuﬁheeanbg,aetaqquusheobutfenecoﬁtalﬁﬁﬁ@lama§ﬁrlalr a
CONCENLESK ! 9F 0h. 8 PEOOLE RURE! Lenth o ATRANGE 2 motal

cr od% agent Tor obtaining a tenmporary
cor rrmwmabrbpfangreat@ent Thilytdoclcosés 1a imst Khgrogric acid,.

hav'%@khpﬁh18r9§§al'Bk'ﬁgsgggnkh%&%%% b@n&mhﬁﬁ:&miﬂﬁﬁﬂénts, a

f unciT ona ane so as forma dense sil ox f
fil methedhef t3P2R0a- ib55822APRPSPRGLEs & metho ©

”Oncbfggﬁiﬁg it by a silane coupling agent alone, a method of
treating it by an organic resin coating, etc. have been
known and put into use.

As technology mainly using inorganic ingredients, JP
2002-30460 A describes a metal surface treatment agent
containing a vanadium compound and a metal compound
including at least one metal selected from zirconium,
titanium, molybdenum, tungsten, manganese, and cerium.

Oon the other hand, as technology using mainly a
silane coupling agent, US 5,292,549 teaches treatment of
a metal sheet by an agueous solution containing a low
concentration of an organic functional silane and cross-
linking agent for obtaining a temporary corrosion
proofing effect. This discloses a method of having the

cross-linking agent cross-link the organic functional
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surface treated steel sheet excellent in corrosion

resi stance and excellent in fingermark resistance, 5

bl ackeni ng resi stance, and coati pg-adhesi on obt ai ned

using a surface treatnent agent containing a specific
resin_conmpound (A), cationic urethane resin (B) having

at SHAEE Se Ay PE FOERE SRS FiIXARE G Blp

sel ect ed Eﬁ&@gﬂemr iJFiVZO(IZQ-llthEIdZiW cBirE'c:fIKbﬁs)Lan@ﬂdhﬁomate
quaternary 10 ammoni um salt group, at. | east one type

of SPFARESCFSRNTE s 9 thae\%q'?guf%tpe]cr?f?%rrggmn

r eagkisye thure! izonBle:@reduent dnd A rspenidiic vesdstance,

co un E) and having contents qf. the,cationi .
urggggﬁge&é % B a1 &t (ﬁﬁqﬁ)%%ﬁﬁﬁloik§bF?ﬁned

pr edstiegnianeth rifange s ravadt nee e teyzch tofequriodiutingm afpedbfic
the_sane. However., ese chno ' t ST Y,

al | r%fgmt S é)éjlﬂdr e(trir)grit scaétf 0cz)lr(‘lr g%:eg:ﬁnagg%iqg %%?e@ﬁe%?vmg at
r esilstancenef ityper wer lcatdsirsitcarfomctcionmtic tdvouy , sekricted from
bl a ' Si NS Alantile td ki ng,and,-
con??gﬁé?%OE?otﬁggé g?ggwgﬁgjé%gﬁlraéﬁﬁéalQg] . nary _
appPEaniom spdtt Wiroupay atatl adfd Ses drPe i e, S hbee ofoupling

t heggenel(@9dfia0ARPIaY & R SWilAGR dd18ai BN in @GRS a B0y Loup,
to bé wused to repllace a chromate film Devel opnent

) of
a s@PfadesrecddtifefCidysmeaiddettio it aedt ntents of
T e OF TUE | NVENTL N Tha P Ling agent
stron emanded. ) e .
pr eé@%t N PEREESH TR s lﬁaf’ﬁeo‘iojaé‘gE & @%W?Fg\%%epmducmon of
abovaepsakleemin the prior art and provide a netal
mat eri al .qgiven a romate-free surface tr at ent
sati sfyi ngglvlerdf ttaﬁée' S et<?lfﬁhrné)§1§’r?tlsesof Ocor%o‘reto& o s£ all of
r estbkeamegnilreaentessicst awos;osfiiangerarmirdt arest sthate,

con LV c it eni i e

o "PHR LS e £ SRR AN S ARAEN MBS MR and

r epbdpedeningngievd ssrndiceat Ihe ¢ ig it sk Prd bR continue
andtgshaveeg%m ISC PRST %%atéatqah]y agpPatdNg &nd drying

on the surface of a netal material an aqueous netal

surface The&bdenaygedt EofpmHzASTgtartigne o of these

si | heeRoagNMeawnd iYW o ekbrdied die Minendi Ngd® adVPeso be

of specific silane coupling agents in_a specific
sol PaSRelEhESPAECE EnFNEeHEsTiiid ™ DetoRmgnt of a surface

spegkrkh€ment agent and method of treatment able to

comprehensively satisfy these is being strong demanded.

DISCLOSURE OF THE INVENTION

The present invention has as its object to solve the
above problem in the prior art and provide a metal
material given a chromate-free surface treatment
satisfying all of the requirements of corrosion
resistance, heat resistance, fingermark resistance,
conductivity, coatability, and blackening resistance at
the time of working.

The inventors engaged in repeated intensive studies
to solve this problem and as a result discovered that by
coating and drying on the surface of a metal material an

aqueous metal surface treatment agent comprising an
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functional groups in its nolecule and containing at

| east 5 one specific hydrophilic functional group, a

fl uoroconpound (X), phosphoric_a%iq,(.Y), and a

vanadi um conpound (Z) so as to forma conposite

coating containing the different ingredients, it is
posﬁﬂyahﬂd)sﬂmfﬂdneromﬁwmmmtvereebswxm@@ebYrbé@@ding two

netg% At er sat @$$%9In% éﬁg#l{ﬁﬂgh%ﬁElelc

05i% Qﬁﬁl%ance eat S1'S i nger nar
resmsﬂamtaﬁuqﬂﬁ@umHUmotqnd @mmmammimgyatah@a%tabwgn$H§lelC

resi g}%{g rﬁat pgﬂg eé%mu?fltg"%gi@&ﬁfé‘d LhBeESaining at least

conpl I nvention I's, the present
i NV et @Percelfawceslfl)td)f@@lﬂacfsuanélw@ht‘é?élo‘ﬁ@t aft

nat%rﬁﬂroégﬁﬂgﬁﬂ iﬁd ﬁﬁb%@ﬁ@ﬂl@oﬂ@idsﬁﬂ),oéné Qeﬁahadlum

naterlal on the sur ace ch is coated and .drie

an &GRS etz %ﬂu#%uﬁ?t?%ﬁ?n%n?o%@%ﬁ%t%oﬁ%?F%?ﬂgcontalnlng
an QARG &4 d o m@mwdté Wit obg ap@ggnbye btendbtgin a

a silane cou I|n age A) containjn ‘
o oa R ety SoEr e (e SORRELDD BAF AT e satying
(B) aqugtoaa ﬂil‘ﬁg rétﬂel:géry@mﬂ?l ogr@u?rdaﬂlohsramietaheey nheat

a solid weight ati S5 ¢

contaThate e 4 ioenteth s helrader toadvCrEPisn,
grommadaﬁlrfxyﬁSﬁnnamaéwemhngfneausaance at the time of

;Sb?@ggﬁh mhenf {hegub o%ﬁf%tgg £Re! ggQSﬂgeﬂhb¥ntlon

koxy gr oup, at | east
one fepréﬁﬁﬂihﬂ@,GMh@JRnayegtoupyeaﬁaobnéebﬁteﬁoﬁé af surface

S QDG d e R ¢ Sy gL pph héfaéeafikeaabygﬁeyﬁg EBhprised

Y,
seIecteJ: ronﬁhydroxy group %one separate fromth
abl @ft @ eetia natezic il t ¢ mﬁcwéﬁapegp’éuvhc-ﬁsl) 1an&°ated and

an 3(Q-;3m ng, Y ué”ﬁb@QY'Qﬁrﬁﬁcévﬁfé9€m€ﬁteégbﬂt comprising
wei ght of 1000 to 10000, at |east one_t

f1 UG ARSI $3d1cqR| SeTRAURFOM] | USPbEL RSN BYabignding a

or fdiUQIrRZi&Hasi £n Cé@entphﬂﬁpbéﬁtélﬁihd 6%, amidoagroup in
vanadi um conpound

s to ma Cco
Contiy RAGH 1R e 1 O FFBF cRpUBb PAgRalNEntE) gRREaining
anonghe hel'ydod Bl@ﬂéﬁpointhEscmamesule 1noatsng;dthelght

e K AR (AL PSR IR B3, o 1

0. Omoxdta;:s@J gt Wweeght taodi 6ut1(:v;tb(1w] gobuphe (@) gampeesented

S LSRG RSOt R0 R

orgwmdependemt&wcnapnaadntV%nanakoamaarenpc@ﬁpb&ﬁ&oxy group,

(Z)é¥ﬂfg%§%(ghe representing an alkoxy group) and one or
more of at least one type of hydrophilic functional group
(b) selected from hydroxy group {one separate from that
able to be included in fhe functional group (a)) and an
amino group, and having an average molecular weight of
1000 to 10000, at least one type of fluorocompound (X)
selected from fluorotitanic acid or fluorozirconic acid,
phosphoric acid (Y), and a vanadium compound (Z) so as to
form a composite coating containing the different
ingredients, and among the ingredients of the composite
coating, the solid weight ratio [(X)/({W)] of the organic

silicon compound (W) and fluorocompound (X) being 0.02 to
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5to 0.17, and the solid weight ratio [(2)/(X)] of the
fl uoroconpound (X) and vanadi um conpound (Z) being 1.3
to 6.0. Preferably, the aqueousgnetal surface
treatnment agent further contains, as an ingredi ent

(©, in the 10 coatlng, at | east one,type of coba
conPolid §@|eeaoédc? MshTte rg"rtdtfp bwpﬂi el of t'clz,%acngamc

sul £80¢cof0 d r@he.amhe drmrmtﬁ) wWhetgg 0.03

the solid wei t ratlo[(C)/( he
Si | £6oR - dgmp it SO chte L i V%lé hUOHONE 9§ hporsanic
totellllclaa Elbﬁfp%llﬂi@ yOI Wt ;aemahmmcsmf asgmpd@ad etz neb@lng 0.05
mat er i is c rised of a ne eri
S £408 -7 AHEh Eeha b S5 dhe A St £ ot FELE righ the
agefitlubsoceoaipethrand X )drdrell vainaad peakcdmeppandt (2 being 1.3 to
hi g?eh than 50C and less than 250C to give a dried

9

coatr wei ght of 0.05 to 2.0 g/n2. 20 The netal
mat er i al Pire fprefdrngblthea &zjursurmsezt pl atwf ace cefeatment

Shegt tn]c-h.efusfl‘ﬂ: f%C%OtI{ tr}les aaai r@ﬁ @:{eﬁ’é @f“ in the

pr esgn I nventi on sa e I‘eC]UI rerrent S
of thetiognredi dmase:sucmaame hefatcoles} Bt agraeound selected

fing Bmaft'ﬁég,ﬂo UG PRI 1Y sePdEd) |é<§l¥alt

and Iackenl esi stance at the tinme of work

BEsmlrc/@@Eean@Amha\]G @@'Irbm@qewmm e %%%%ﬂi weight

mat e6ikaks (3 & 0 PR UISARk iIdrddie PresEidon | EMRESLOA (W) and
are not part| cularly limted, and néay i nclude, 30 for

exafpPalti compoama rén- Basdht & 1, 9=t uni num  an
al um numPQ%Sf%&a&:llyqy L HO RS ve as@ﬁﬁlﬁé &Jﬁ@@ﬂe@lm@val material

Chots REPERLarel 6 ) SO LAt Lhert bl BB WRRLSR SE “hich

be tihed aghRong ntdiede sutfaamstirqaeferabhgenn is coated and
plications of the present 35 inventi o

ZI nE‘rBége@tplaatpé’@]%tté?é‘ipes‘P%éire'I}?ﬂeg Fhet %’ésgglocplaaﬂdedless than
st egISOs@eggsgwgl adar as o%‘ﬁci%ga%vezl'dmf A fﬁ &5 steel o g/m?.

sheet's, zinc-nick Ig'ate steel” sheets

zi nc-i r ofhg) aﬁ@lstn@éle@rﬁe]etlss P GHER EHP bitea p?h’tl%dbased plated
st egh ee3h@@le®r Zi NC-al umi num pl ated steel sheets,
zinc-titanium plat ed st eel sheets, zinc-nag '

sIum
pl ated stdel Hdacs toAaRetdiffae st brat el afebhe present
shegh$enziiker aialﬁﬂ'mreé dEQ eS| te ptagedrsheet ssheetse

andcé&@%s@éﬂﬂggg?stance, heat resistance, fingermark

resistance, conductivity, coatability, and blackening
resistance at the time of working.

BEST MODE FOR CARRYING OUT THE INVENTION

The metal materials able to be used in the present
invention are not particularly limited, and may include,
for example, iron, an iron-based alloy, aluminum, an
aluminum-based alloy, copper, a copper-based alloy, etc.
A plated metal material comprised of any of these metal
materials which are then plated can alsc be used. Among
these, the most preferable in applications of the present
invention is a zinc-based plated steel sheet. The zinc-
based plated steel sheets include those such as zinc-

plated steel sheets, zinc-nickel plated steel sheets,
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magnesi um si licon plated steel sheets, and other zinc-
based pl ated steel sheets with these plating | ayers
further containing small anountssof different netal

el ements or inpurities such as cobalt, nolybdenum 10
tungsten, nickel, tjtanium _chrone, aI um.nu

manganesd ron PRt et gteSumnaay, Bikmih r%%tﬁ%%?d steel
ti NsheRRRET ,z i kA Tiinuad $ARIted eltse DIsHevisng sinceajtanium
al um_na, i.tani a, or_ other_inorgani.c TRt
i s Pt SterthaheStie SOSUATRIY: S sbiTEgel sheets,
typemfc—piaaigamsef orl atedeseres le slre&rtq}l aunrg—aluminum-

iron QS r [ ni pl ) _

pl afnaf?li]’ SI%U% e a?c?%ol neflt q_}%l(:elttasl n # o%n@ 3 52hBdm

pI amamgxesmm\—mlqunvgi npataied | 95 avolt Sf‘ﬁﬁﬁmﬂr&gl@ther zinc-

i mtedyg bYG @ KL el Seld lﬂﬂmg:ﬂ'@é@%jlat% fhPers

pl ating, vapor deposition p ating meth
di sferdiner soatiaig ing el ARt @5 r@l%wat gretal

the o) ldrdet B e nipiad ¢ iEhe KRaPMHd alopdy Edh@mrbdenum,

organic silicon conmpound (W of the aqueous, net al

sur rEPEstedat Meftkedgerit Tt W, IR e-F 1 WRIAYP Jpanganese,
treatresh ”&Iai},‘néﬁﬁtﬁfl aleef, tHiGsmRIpr eneninémyention cspper,

obt ai ned bl ending a silane. couplin ent_{A

conC&H 'oﬁé:sfrﬂWg §iSup 9 e rp ‘rgae ahiu'}llna'

si | anese@up! iorg cagent ir@rgmrﬂcalmatrtgamrtmsgéysedyl Further,
group in t he cule in,a.s

[(A) %(e o gﬂéi 6“31 apd eq;s}l1 r\%coup‘f aéwg age%t {3&

30 mmi@ siivlcan g leduipig ngl mgemhqBhares nebafetngo béckel

RGP L D AP S i
to ﬁoybhef-latm gdlatd ngei Jhte rskdtoliq @#Y}Bﬂ 18 PeSs

t ha%alf}:tﬁk cdii 1y DNYETRL K Hhasi Stialise @Pé&ﬁéﬁ_ba{:iﬁeg‘ method,

eni ng 35 resi stance remarkably fall, this
i s mett shier @ladiag, W#RPSWl%eﬁlatvn%fﬁ%t od,

wat %ﬁ%rp%gs'l%?ﬁgl rkfbrléthcfcﬁ' | fa i@ Uil $t 18g N@éthod or the
pref erabl e Fur the sil ane coupling agent

(A lédwt #13¥ R W -ani no group in the nolecule in the
pr esent iThedhtilss noigpadidtll @fdanide ns i etlicobutempound

o AR I SNl S S0 NORLERRC pgent for

si | aﬁlﬁ:orriéﬂ;lép-lﬂﬂ@ agarfiaddB)t ot ed nietga breagéyLtatybf the

grO%P Eent invention is obtained by blending a silane
coupling agent (A) containing one amino group in the
molecule and a silane coupling agent {B} containing one
glycidyl group in the molecule in a solid weight ratio
[(A)/{(B)] of 0.5 to 1.7. The silane coupling agent (A)
and the silane coupling agent (B) are needed to be
blended in a solid weight ratio [{(AR)/(B)] of 0.5 to 1.7,
preferably 0.7 to 1.7, and most preferably 0.9 to 1.1. If
the solid weight ratio [{A)/(B)] is less than 0.5, the
fingermark resistance, bath stability, and blackening
resistance remarkably fall, so this is not preferable.
Conversely, if over 1.7, the waterproofness remarkably

falls, so this is not preferable.
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nol ecul e, 3-gl yci doxypropyl tri nmet hoxysil ane, 3-

gl yci doxypropyl tri et hoxysil ane, etc. nmay be
illustrated. Further, the nethedtof production of the
organic 10 silicon conpound (W of t he present

i nvention, i \5}: not artl %{JInaer Ig?dﬁ]@%%da?&% @AjTE&&?Qamlng

of succed¥t € Si agent
andohbe agiinan e;m:m;plum g:hagmﬂec(tgye tn V@g%rp}é@]?%lgf_ eynvention

toapH4and Stirrl . ergrlnedtlma may

be AEN{ on&E T tf‘§u11haﬂ un]’oer ?cpt he functional groups

(a. pmiinophrep yddsamthax ¥ sighasti end ~ YR HAPPECRY LT con
Con‘%%ﬂﬂ%tﬁ\&qtﬂllq}%o ESEMay Ve 1 PRshAstEAQ. bEstWﬁe silane

0 funct| onal rougé l{'ra% m the
t he coumdiimyg fagengd t63)t NG EeE OfC o y 5?F8|
andnkﬁ%éuﬂdnf§”§¥¥#id6ﬁ&ﬁ¥bé§dir1ﬁ@thhﬁybihahen|Eg

resi st ance e nu car bon atons
al k@)lWWRWHW&W&FW’EY%hLa FrRC-B3%Y g Rg" h%%fstrate‘j
the functignale s ate (MOthsd nof peodiucuianl gf thai pedganic

but 1 to 6 is prefe to 4 is e; I
and St e (&P ‘E) E‘*’er%%l%hel?re ggg ?glkg:igﬁ Ts not
thatpa&ttﬂcﬁﬂﬁdrnnelimmwédprmtgaomqatl(lo;i o§ spreserivedy adding

armlec The organic sil
havé&h E e %%$a?é%%|g : gpgoggeggilahéscbﬂpllng

W'thaglsaﬁﬂ (®) 6090-deengagjeseedble. aThE fopedupgirring for a
wei dit 18T EE 00 1O HET 6y Qoﬁeﬂé%heal arly linited,
but FEHTHer }B

one optal ne I rect neasurenen %. h
TOF- M5 nésrrtmmmbenn@f obkai ﬁ@aCEyO@éﬂwéFgPBﬁ dfd 110 the

meast %ﬁ%ﬁ f &G OnRt 995 aRAY HERE@@n”&bmb@und (W) of the
appl ica e average ~npl ecul ar wei g I? number of
thammttmv@@ﬁwﬂgh*ﬁ%rﬁ‘édber EWar Fegbim;? Fal | e

ef!ﬂfc,o@{&?§§ £Hupbe (8f hek tﬂandhel bo&ﬁlltnl@e faxtereagje) the
| ecu

ar weli Is larg ertha 0
oi f fawutace oogt %\bm?tﬂils’%?'—@ElG 8 g?‘?e %é“’ r']FE“Zar‘ﬁlcll‘w
si | i€0m CospOoLRE. biacEéﬁih@rreségaadbﬁgfaﬂdsanﬂﬂmﬂ number of
bl ended of the essen r edi ent qu LQC
(X) GHTRPR PFeBEntD F%@eﬁ”‘ﬁ’% Y BR&YEolt d%vl\% gE :{gcklloons of R,
[ ( X)BA,WenDfr* e t@feg&mlrmtmdnaﬂorgmr;potm)d {synapdparticularly
fluoroco und (X as_5.to .0
pref%’r‘%‘l?gg 'f%g & g 908, lgn tr%%f}r éf gracly4 OlSOé{nore
0. OSprdafethlspl hddwéi ght 2r dtsi mOS[t( Xyedigrakote + hige is

Organlgffégéggntﬁggpggngeg@% %%% functional group (b) is
present in a molecule. The organic silicon compound (W)
has to have an average molecular weight of 1000 to 10000,
with 1300 to 6000 being preferable. The melecular weight
referred to here is not particularly limited, but either
one obtained by direct measurement by a TOF-MS methed or
one obtained by conversion and measurement by a
chromatography method may be applicable. If the average
molecular weight is less than 1000, the coating formed
remarkably falls in waterproofness. On the other hand, if
the average molecular weight is larger than 10000, it
becomes difficult to stably dissolve or disperse the

organic silicon compound.



fluoroconpound (X) is less than 0.02, the effect of
addition is not manifested, so this is not preferable.
10 Conversely, if larger than Q.87,. the conductivity
falls, so this is not preferable. Further, regardi ng
t he anmbunt bl ended of the essential |ngred| en
phosphor iFaxdiar \t)egﬁrcﬁfeg p?fe%eﬁflouﬁlﬁv]@h?ﬂéﬁd pRethe

sol ig, :%?%%%l (#fﬁé ﬁ(fgdof%cé o&ﬁdoqﬂﬂnbﬁ §hé|§QBsent

COTTpOU oric acid

t
to Gnwentgrast rer’feﬁﬁ ol igh W%l‘li)h‘era"ah‘a ﬁzﬁ/%ﬂ?if&faﬁf’?
0, 0%f6%316-51f1ééﬁiéﬁﬁ 6hM§'?ﬁ éﬁ&lﬁlubfaﬁbﬁﬂ%hndf(x has

t he or%fnlc sil1con conpound

5 (¥ tios Heods et ) 05 TS ERAvof - 98 BadDt P G most

not gratidesind ,osmtimson%noupﬂeéegah)ha weight ratio
Conver s t he copating beco

e
r emdr! R‘dk) ﬁ* ]vvaﬂ%rte}%‘?)l %‘i’%nl%os% ?goflscﬁl&’o‘ﬁf)éf P hppBd
Furtﬂlefordcﬁgﬁgcmm t:he BeoLess bteaded. 02, t hee effect of

S?ZE@%{%: g#%?gﬁvaf %ég%%?gggoyﬂgP(gétHgttB§eferable
10 [(Z)do(dﬁdrsélyhemrmerstmanoa @6rrpbhﬁdc(>wiu§hd‘flty falls,

vanadi .05 to 0.17, preferably
0.07% oucrpbl ?)grmr el‘%‘rse#%f%kg 0.09 to O. 14 and nost
pr ef er ablBuk Her i orQ)g&lJSdlmg th@ amghng Reegdedr gfi she
[ (Z)dg;(s\gr]tﬁlt 19 ﬁﬁ%é§98r§g S@ﬁﬁoqﬁ*?f oW taedpresent

vanadl um Con‘poun eSS t ?t %f b
addustnmﬁlsomott%nwb%@e‘del%ttﬁﬁ§1Ps[rﬁgﬁ/(w) of the

15 pre&ﬁkﬁﬁLﬂz §?T¥@6§eédmpbﬁnQV?W)oaﬁa phbgpﬁbabb|Ebid {Y) has
dr ops arp% so this is not g @E . E rlhher ost
the tearkRli Und 2 okpolint? ( ZyrehetARLYr Bsént O3 veRPiof
gﬁteﬁ@féb}?y'@rdw tomoled, Ibuthéaaadudmemgmtacmltd@
V20 nium msta a(

OSTEAWAL (p et R e bt A
V(x::kﬁjos'tﬂﬂﬁdid:lméidiOI(YﬁeJ..VZIDéssvahadi OmOBdl (t;kued@f\f@zc,t of

2o YrSSEBEIeH e VROV VBT 1o poc pratoran
acetqﬂr&nsetmhy.e M (@t =CHRE, @B@O@H@Flp%be@@ﬁ% g:mmarkably

SR e

obt ai ned lbyrtln@ducrﬁgaédpéﬁt éb&i apougdnpdendedo of the

t(nré§§g5¥4aiolngred1ent vanadium compound (Z) of the present
25 invention, the solid weight ratio [{Z)/(W)] of the
organic silicon compound (W) and vanadium compcound has to
be 0.05 to 0.17, preferably 0.07 to 0.15, more preferably
0.09 to 0.14, and most preferably 0.11 to 0.13. If the
solid weight ratio {(Z)/(W)] of the organic silicon
30 compound (W) and vanadium compound is less than 0.05, the
effect of addition is not man;fested, so this is not
preferable. Conversely, if over 0.17, the stability drops
sharply, so this is not preferable.
Further, the vanadium compound (Z) in the present
35 invention is not particularly limited, but vanadium
pentaoxide V,0s5, metavanadic acid HVOjs, ammonium

metavanadate, sodium metavanadate, vanadium
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bi val ent conpound by an organi ¢ conpound havi ng at ,
| east one type of functional group selected fromthe
group 10 conprised of hydroxy-ggodp, carbonyl group,
carboxyl group, primary to tertiary am no group,

am de roup phosphori c acid group, .and phesphoni
aci axyFaasTey e Velda: PAPERLRR Fedarar Ry wanadium

armambsuabew;;i OﬁnéEQuﬂﬁoﬁyseﬂtEBale vogoedi eansdéfimt he
resent I nvention t ha OU
o TAAGARTPESTEIE (2 (05 el PO SR Ry L om
[(Zhbéxglla@fettdmﬁd ung(romreqmnucthWH:;)ahd was:mdim trichloride
t t
SombRyne £8bePaBlR, Pgnkadybd vy REALEr I T e

preﬁehahbmeﬁ.SHurthdx,lé wanadxnmctqm@@ﬁndr%b?@lHEd by
(2Ll m@fzat NS HAQEATRAIL (. @nds vapadibLent o

un ess effect of addition
of bnealmtamoymcmﬁpdmcar( DraaniprcopprRdkaving at least

t hi tB’% ¥ A0 ha CYMAL S i1 edte®VEFol. Ohet Eoup
ta Ity 2

bat 5 and bl ackeni ng reS|stfnce falls

Chi Somprigied oGRS, SRR dFATRORAY L | HEPERr eRpEPRRY
t he JRLRSeNtA:RaR it tedtddry Sanihe gobabl amipeugdoup,

(O, has to be at |east one y of. cobalt ¢ Q
sel PHOSPNYGHA Af rQﬁﬂPRﬂnﬁﬁéséhP%ﬁP%ﬁl%o%%fgngrgug may be
sul {aley. cobalt nitrate, and cobalt carbonate.

Furt her, the rati o bl ended h to be t
ati o [ ORIV GreuHE BlanTE SITILOh CoRpand. L

ande@@%&iﬂlalcamﬁwle(rﬁ)s ocﬁf Otiﬁ)a p:oes)ellt preeataphy that is,
d t I

Cne e ol M Ll ) o

si | isedri ¢ oreiognid agiantl{ ZobbK} ] @Bnbbﬁnﬁl?€$°F§mP8§§d (X)

than O %ﬁ&&%ﬁf&?&%xﬁ% F"E' j 14,98 05 pihe. gobal 6.0,

conmpoun 'S Nno so this is not d
pr efcaredis rab Gorive? st y3- 3§ maFgeprefarably, Zrﬁeto 3.3, an

Cor?r%?égﬁ'b;:éféfﬁﬂpcg daldsz. 60 thi §héSSBQﬁ_d weight ratio

pre Pref erabl t he surface treated netal

mat drizal/ 6f) ] ok Ehesthior averproRdi §XE0aPedvare it compound
aquegys etyalss Stisan fBCE, tfeat eEPécagent adddtdenedfatthe

K t ture high C C.
i‘op%%qadﬂe:ﬁ”‘éﬁre?%rh‘é%wéd%e{mwnaowaﬁ?gsﬁs%s 3053y is not

9/ mprHegedli g thevedsying ienpeeat 616, ahpeblath stability
te"ﬁﬁ&fﬁ§f§éﬁg {Eé %gggs?ggée falls, so this is not
preferable.

The additional ingredient in the present invention,
that is, the cobalt compound (C), has to be at least one
type of cobalt compound selected from the group comprised
of cobalt sulfate, cobalt nitrate, and cobalt carbonate.
Further, the ratio blended has to be a solid weight ratio
[{C}/(W)] of the organic silicon compound (W) and cobalt
compound (C) of 0.01 to 0.1, preferably 0.02 to 0.07, and
most preferably 0.03 to 0.05. If the solid weight ratio
[ (C)/(W)] of the organic silicon compound (W) and cobalt
compound (C) is less than 0.01, the effect of addition of

the cobalt compound (C) is not exhibited, so this is not
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and |l ess than 250C is preferable, with 70C to 150C 10
bei ng nore preferable, and 100C to 140C bei ng nost
preferable. If the peak tenperatyre is 50C or |ess,
the solvent of the aqueous netal surface treatnent

agent does not conpletely evaporate, so this is_no
pr ebeediirebleCofmreaisglyf H50@Fe AN phrt s of e hgorrosion

or 9%%'5959: AL Gfa1h3 the caatd N frﬁwﬁg@lré)ﬂeﬂm@queous
nmetal surface treatment agent breaks %@w sp th% S1 of
not pr ef &xafleraRaharidih FUEIRCS dak S HE QT GHE L B2 %rjf% ©
2. 0@k r‘e%e@ftefﬁf\%?iﬁorp 325 tdbatlec@ Wt Hied nggaeoes metal
preferable, and 0.3 t

) . t
pr e FEFABICE qrfeatmfée%étqerrgt r%hﬂ? 120 | 35 o (RERK oL BEPSat uTe
9/ N gthtéq: sWfpameel shie 1eetal gt et CQBnQb B® have a

cover so the corrosion resistance renzé

f al rdglesio cmtsm% wmhtprfe’ff et db €20 CorRied R‘?v‘?fardlng the

| ar {H%? ; p@é;@ LOG, ¢ 854 Sﬁﬁaﬁsraﬁhan 50°C
all s,

t he I's 1s not preferable.
25 Eem tllae.ssaqimu& BIE’CallsSlprrfea‘ce&‘aﬂ:rl@at ndrith aH¥6t t@sédso°c
in the present invention, a Ievell agent

sol @@@%@qr@qtprf%ﬁe#%%w%@dt%%o o dtai 49 (Q—yb émr?el“EﬂSt
st a%ﬂéf@ﬂ?ﬁ;laegeqf eﬁ&l‘k n@eﬂﬁ@fﬂﬁ?é’lé PbPC or less, the

adj ster etc can e 'used I n ran not i alrlng
t he seflfveatt off 30he rﬁeqtpﬁ@s%mefml/eﬁw ce pgrepement agent does

| ev%lo'tng:cﬁ’t%@t NOFU U L e O s& ath PBI £s SHEE agtafkrable.
such as polyetﬁ?ﬁéne g%?%e %r % polyprzgylene oxi de

add@kxnvmrsaﬂsaceﬁgll%&fbcglqrcmor@oomﬁdim@ the pEgaypic chain of
nenttlh%n%% t"%ﬂ}l & & etl:h ﬁ?%&assz%t‘ﬁﬁt siiﬂkﬁegoi:%eatment

such 'as €th , 1'sopro y
al celusint én@qdfsamveme @q»y@b;Ls tel pesoPyeseERRheasRegarding

et hyhgn y'w@@e{oa@doe(?hﬁﬁ eﬂsﬁ%ﬂ@ﬂéré@le, 0.2 to
nDnoeth esters such as ethy %F /m? b
but W- 0 b/ é‘tapéln@n@%”@t h§/|g m’ being

et th{ostkzﬁﬁlAsﬁraL@I@WIf%@tﬁé?ﬁﬁﬁ@nﬁelﬂﬂy bED_Ef_Zss than 0.05
menti o the net t abi |.i zi ng .age

DTPA/ Ty ShResUAHACH i %@%&%&ﬁna%%%}%]e TN oriRg, covered.
As tde wichidigréshomi tosistmdby| pawadkanipefalls, so this is
triethyl ene_pent uan| i ne di n

ot hé® rﬁﬁ%f%ﬁ%hd‘gé?g %bn%Fng%dggk LRSn 278 g/n?, the

paﬂbxadkﬁnlm@mmmmmEEMlemg the bimapoé anrh@ngréaédsr so
in tqg_nolecul ar ec giigfLive as netal stabilizing

agent’s 510" 2t tar nDre preferable. As the pH adjuster,
acetic adiak the aqueous metal surface treatment agent used

in the present invention, a leveling agent or water
soluble solvent for improving the coatability, a metal
stabilizing agent, an etching inhibitor, a pH adjuster,
etc. can be used in a range not impairing the effect of
the present invention. As the leveling agent, a ncnionic
or cationic surfactant such as polyethylene oxide or a
polypropylene oxide adduct or an acetylene glycol
compound etc. may be mentioned, while as a water soluble
solvent, alcohols such as ethanol, isopropyl alcohol, t-
butyl alcohol, and propylene glycol, Cellosolves such as
ethyleneglycol monobutyl ether and ethyleneglycol
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| actic acid, or other organic acids, fluoric acid or

ot her inorganic acids, amoni um salts, am nes, etc.

may be nmentioned. The surface-trx®ated netal material

of the present 15 invention satisfies all of the

requi renents of corrosio reS|stance at

regF‘é’P&?&é{ Y %ﬁmr%qeé%? STHHL S GA%T° and butyl
coatzakitatley, and }t&mk@llmlt%ssdwmax metieyl i eeh ot

e EHE8Em NN GIPTA For Gotiy g E e By paTreg Be the

The meaatli reg: Sfooirinied: nes i agerithe BRTAROURT PRt abr euir¢mcehelating
treat g&%basg%e%a}psoeed rhdh i {16h &4 R0 AOVERLH Oy | Snhibitor,

mai n on “organi c Silicon conpounds. FiTst, th
cor ﬁ@éllydmneesilsﬁtnam% iter it helane tREBRRIRe £ EHaidine,

s| | ?é Rl ! chﬁ'{d eétf]«?é‘f aﬁﬂ({}ﬁéi)l LS OYnd D ey %@lﬁeﬁéloned.

on corrpoun parti al reacting with each othe
whed W@@rlgama:rrsuqu 1R af e c%d%%%da%%o groups

to i6f WO i culd £: B AF LOM $OUDISEOAL | figab ANz g agents
to part of the organic silicon conpou "M?b‘b%dr ol yzin

to PHGMALESNEE RRARIMTH 4DrMSiRo hﬁ‘ce‘glc acid,

met alacaﬂleﬂemlcﬁo & 0ed b Syl BE eJcimdis h fh@omed: ahcid or
surface Further a dense coatin can be for %I %)tc may
T Vi

t he O40&E g VHRHE RIS 1+ HTRF L HR > FheS conntic
al seeberorEsomeit er . On t he ot her hand, using the

agueous te"’llsus’rl"I afc‘r’}zaC %é;‘ci MR 5 £ Q’Ee? alNer p{ﬁé%ﬂ*esent

i nventio a coa fror rred on sil
Rega.trdzian);mdrs sﬁtlﬂ:&mse alheoﬁlth@one@lﬁglaﬁ?m%nt:ﬁa@ﬁscorrOSlOn

are Jeauanlge Arased cfuihinre, HiRgOERRRK 0xcbebonce,

ore, In extrenely
srraldor@bmmmstyfn et ot 1 g, %Mh}ébﬁck%h%u RefyStance at

par -5, ARG Y 430 o P A S, Tﬂ@tré§soﬂ1n9§9@@l§ev€§tt6rbe as
and organic matter, are regularly and dense

ar r &pdd.owFhetattoridie iR §ebe| JRVSRCLFAL 1S ﬂ%ge]i’c’und by this

coatydng ex Navid At thd heo ARdd heph§t BRE€agueous metal

O e o SAE oL R EELBE, pppencion 1

and riaie: fy Nesdtlrdn resg st Bncei 1icoat abmpotizgdandrihet, the

For e A RS TTTR L7 | PRDRoI0" bRt BriAg. barFoen

t he reoainivahld thamsieondffered dyhikhbadgsby that capanic

80@60&;&3%5%Aﬁﬁéﬁhé§"§§2 iéff?n?eacting with each other,
when the organic silicon compounds are condensed due to
drying etc., to form a continuous cpating, and due to
part of the organic silicon compounds hydrolyzing to form
-8i-OH groups which form Si-O-M bonds (M: metal element
of coated surface) with the metal surface. Further, a
dense coating can be formed, so the coating can be made
thinner and the conductivity also becomes better.

On the other hand, using the aqueous metal surface
treatment agent of the present invention, a coating is
formed based on silicon. Regarding its structure, the
silicon-organic chains are regularly arrayed. Further,

the organic chains are relatively short. Therefore, in
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bonds. By adding to such a base coating, for the

purpose of inparting corrosion resistance, a

fl uoroconpound for 15 form ng a Xense coati ng by

raising the pH very near the treated netal surface
resulting fromt etc react,i on osphor i |d

as &R %%%1%W#¥1;%%ﬁ %P Rkﬁuﬁﬁ%ﬁ% hpou%ﬂgg

I Mpaichitad ndory @l rals raeﬁi s:t]ajurmcbypms oxtdati bs, inorganic
reducti.on reaction, .it bel i eved 0 dj

R A
coneurctiyeid.y, Thmfa;b:ld,l tJy: za?ndodﬂlmk@chl gt esi BPEALecoating

dur i | t g

i P ety (R EeT AR ORI, (EMEEEEEEiLY, an

i nvédeickendnd ceri@tariae d@mlwmw perypl ey possessed
bel @f}/ L& %Fahf?jb 1@%&Hﬁ§@tand W%%@P{E@Ik resistance,

speC| i cal y he present I nvention is

i niceedabd tﬂ’?é’manﬁ‘léh?etlﬁd‘c% r%ﬁrrﬁlé@érmﬁwﬁ%e@eéy afgorganic

t heco%r&q% caBX PP RSy, apiRaratdty el exan®l €81186n
met hods Q coatin the urface treatpent agent _for

ot SOTREAOIRY BAY |CRHP Dl o, "5 oGP & FBRSPY

TeSTanSfl?{%tl% thibt Eeﬁudecwlceﬂ sthidhes Coimen cfathy siloxane
ava % e materials shown below 35 were used.

Ele P6§al vani zed steel sheet (EQ: sheet thickness

0.8 nm  @yold iofy pjcatsm:gl 3 AHR0 C(cgitlﬁ)g, i@r thptpurpose of

dlp Z#%%EQ 8€te?r5¥¥% éﬁ%gﬁyi ér%f§gggéomp09n§ for

514t ng =
El ecfpmogalgvaanldp@@ﬂmwmm}plmlwq Zihe pheeery near the
th'%&%%%%df%e% ?m ui Ald NGrGin 20420 £ GhTRY S
Zi nc %Al wnnun} % magnesi um 0. 2% si | 1 con

pl atfleﬁ@tGSD)f ehiss@hamic lawist aB @mltamrml@hubltor, and a
pla%b%%dl@ﬁ(@%ﬂﬁyﬂﬁ@ if)a G fEb§h§nnﬁé§ib@én&@sby an

sprayed with a silicate based 10 alkall reasin
ageREIGRLAENCIEEANET I8TBE e G eidTst etledt S tb%gé%?ﬂ hatiein
by bigkar iBar ke indat)r diidefartendifi0fsrfdrk resistance,
conductivity, coatability, and blackening resistance
during working, excellent corrosion resistance is
manifested.
EXAMPLES
Examples of the present invention and comparative
examples will be given below to explain the present
invention more specifically, but the present invention is
not limited to them. The methods of preparing the test
sheets, examples and comparative examples, and the
methods of coating the surface treatment agent for a
metal material will be explained below.
Preparation of Test Sheets
{1} Test Materials
The commercially available materials shown below
were used.
‘Electrogalvanized steel sheet (EG): sheet thickness

= 0.8 mm, amount of plating = 20/20 (g/m?)
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a concentration of 20 g/liter and tenperature of 60C

for 2 mnutes, was rinsed with pure water for 30

seconds, and then dried to obtaich a test sheet. 15

The silane coupling agents used for the exanples and

conpar ati r i, Tabl t -
vanadi um ﬁ;%orrpo?c@%cq”%bﬁlp@ % EG%)OI‘ n%ﬁ%??otglcmess
anplnBsmof, agsatitngf anidtdmg iy QCM&)Qar ta(m@s are shown

in Tabl esg3 dﬁré@af@%ﬂf@@ﬂJ{ SS%F' Jigst lp ﬂatfﬁg-giﬁ sheet

Part Test A pray test accordin

237 thigkness: F6r-fe om0 thotr Pladdirthe™ s%%f%O ofg/m )

white rustgig dl\ﬁa%lwl@ecgllﬁﬁniﬁyﬁi%l%a%%gmﬁeml@% silicon
A—Rustl ng of leSs than 3% of total area Rusti n

3 t Blp&das &P rosthset dtrickiess b tihg %Fo‘i%‘% p plating
| ess %bagﬁqo@/qf?)tot al area D=Rusting of 30% or nore

of total area 30 2. SST Wrked Part Test An Erichsen

test (7 )extDre@ﬁe@ﬁ)”Was performed, then a salt

spray teSheageaeding wasl lspra 23y Wwis a pﬁiman‘eel }fmmed

72 h The st at.e of V\,hlte, ustl

S AT o HeEr R el st e ey | B35 O Pt erea

tot alrademarkB Riastel iy Nlhb@P/oPtar}«ieesszirtm)n u?:wénfc¢mdatlons of
rea RUStI n f. 20%.t.q Iess han 30% of t ot o

ar ed Cﬁgﬁﬁ& %6:?2& AR B e 60 for

ReSQSm&ﬁQeeEGSMa§1ﬂﬂﬁyédMMiﬂhﬂyhﬁdﬂwdﬁﬁﬁIf@EaBQGSéconds, and

,shegbgat 200 r._2 _hours, tq:en the flat part

8y §§1F tocé’ 5Pt rteess fce by a salt spray
test accihei g lame ﬂo&ﬂﬁ@?hd@ﬁﬂ&ﬂmﬂ;r@rﬁi&es@&amples and

gg"ﬂ%fg{aﬁt"'en%ﬁ\ggl 1 %X%II] /0 gjfo t ot‘:{} ulggrlj)egé] g 'Eﬁ%'@anadlum
of @%ﬂpeumds‘;s lmha‘rabll@%%f anet dlhearfermO-=istnfg @Tﬁmm% of
to Egﬁﬁihaéna%%%ﬁg%ihﬁt%eﬁﬂé?%tures are shown in Tables 3 to
5.
[Evaluation Test]
1. S5T Flat Part Test
A salt spray test (SST) according to JIS Z 2371 was
performed for 120 hours and the state of white rusting
was examined.
<Evaluation Criteria>
A=Rusting of less than 3% of total area
B=Rusting of 3 to less than 10% of total area
C=Rusting of 10% to less than 30% of total area
D=Rusting of 30% or more of total area
2. SST Worked Part Test
An Erichsen test {7 mm extrusion) was performed,
then a salt spray test according to JIS Z 2371 was
performed for 72 hours. The state of white rusting was
examined.
<Evaluation Criteria>
A=Rusting of less than 10% of total area
B=Rusting of 10% to less than 20% of total area
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D=Rusting of 30%or nore of total area 4. Fingermark
Resi stance Test 15 A color difference neter was used
to neasure the change in L valugz(AL) before and
after coating vvith vasel i ne. <Evaluation Criteria>
A=AL of |l ess than 0.5 20 B=AL of 0.5 to less than 1.0
C=ACEHSEING T &4F (Hanl 95 thn 39} of otera hprees.

Condegtuisditng Ttastlok SO ek ids W Std PnaF&si stance
nmeasuri ng device was 25 used to neasure the surface

i nsul at i oft reﬁeﬁ%rﬁ?esls@f%ﬁ URSon Citeria>
A=Sur f acey Rt an J&54 Sfcﬁn%ﬂfflﬁcfsa? tden dn0 L2k 200°C

B=Sur face i nsul ati on resistance 1"0S2 to | ess

2. OfOrCLshrgEe iansh ot e di sttararbfwas cmesfbeqieggr

t haro2ro@ i3 Q%%lifsft%qﬁ;é latdon. 1 aNeS
tha?{ % % 6] % Iltsﬁyrest a%rtrr\es'ler"?’afrral%!r;1e al k%lm%)&'s&mg ko
coat'"Rg “w&s 'do ok Trardats ofs wWhltmveugting was
fil Extahlualealess of 25 mcroneters after baking and

baked a OC.for 20 mnutes, 35 then cut into

dry 1
a gri %agjfl LR ;’f& &d3>The adhesion was 14 eval uat ed
by RhBusating off tless’ eMiniltg o0t INWHeS

nber / cut : .100).
DR Ob RS B al Ao B Gl e i o
| esS=Rhahiag§uofDI0&s s ot HassOtYan E%@@rﬁdtgalTweaThe
degﬁeﬁugﬁlgbaglfeggggolrnmtol}% ¢3S§ & wor Ki g by a 10

drawing ratro n-a high spee 51eep drawi ng test
was eval fhat edeyGPﬁéla@‘HiaR@esllsmamm ITesdd ue before and

after thg Egibr éié@e?% %%SﬁgEQan%s 4%%§;Q¥(§%§%Jf% the

| ess than 1. ' ess
change in L value {AL) before and after coating with

vaseline.

<Bvaluation Criteria>
A=AL of less than 0.5
B=AL of 0.5 to less than 1.0
C=AL of 1.0 to less than 2.0

D=AL of 2.0 or more
5. Conductivity Test

A surface insulation resistance measuring device was

used to measure the surface insulation resistance.

<Evaluation Criteria>

A=Surface insulation resistance of less than 1.0Q

B=Surface insulation resistance of 1.0Q to less than 2.00

C=Surface insulation resistance of 2.0 to less than 3.00

D=Surface insulation resistance of less than 3.0Q

6. Coatability Test

A melamine alkyd-based coating was coated by a bar
coater so as to have a film thickness of 25 micrometers
after baking and drying, baked at 120°C for 20 minutes,

then cut into a grid of 1 mm squares. The adhesion was
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D=AL of 2.0 or nore The test results are shown in
Tables 6 to 17. It is |learned that Exanples 1 to 68
exhi bit corrosion resistances ﬁgUlvalent to chromate
and satisfy all of the 20 requirements of good
corrosion resistance, heat resistance, fingermark

reskehanaeedcoRdudll Hatto o@&ﬁ@blﬂdniaﬁnlaﬂﬁ dahanke niuigber
resi stance at the tlrreRFnL§ gprkln bIe
Si | AREMESBARANGHGERt ™ ﬁsqq)ane
A2 Jrenlnapfiepylihitethaxysil ane Bl
3-gb¥§bggxypropyltrinethoxysilane B2
xypropyl tri et hoxysil ane Table 2 Vanadi um
conﬁeaﬁa oZlmvaeadiun1oxysulfate Z2 Vanadi um di oxi de
[ c a onate Z4 Vanadi um
ace nge ona gg %&éh %3% "EUV I 1111
1 1DilQS& lhan19ﬂal 111 1 1 1111 1 11 1
V 11 ny 00 U U uo'uuuovooou
UOOog VR R e Rl 0000000000 " |

UOOO @ éeoreeoed 91@c®e@lego ohe a0 gwking by a
O ogEh@Q ﬁbQ:Qt@o BlfyzNoN1N Iy Nll?_:)h d d\ld‘éelié N AN Y Mest

N NNN NNNNN rY NN"1 ri

LIWRP B alPaFfed PYNt e ananiger '1|n ohe L, yalug before and
-1laftee theitegeN e-I rl i r1rl '"-1 1s -.O Y NN

af
toNNNmNNMulPMnNNNNNNNmma
to AFALtefmieem thaE MBI MM MM M M
a

0 o BB Bt oo % T 05 %0 s

C=AL of 1.0 to less than 2.0

n
MMMMMMM
o000O0O0O
000O0O0O0O0

D=AL of 2.0 or more

The test results are shown in Tables 6 to 17. It is
learned that Examples 1 to 68 exhibit corrosion
resistances equivalent to chromate and satisfy all of the
requirements of good corrosion resistance, heat
resistance, fingermark resistance, conductivity,
coatability,; and blackening resistance at the time of

working.
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Conp. CCCDBAD Ex. 10 - 31 - CLAIMS 1. A

surface treated netal nater|mCL§ﬁ%§acter|zed by bei ng
conpri sed.of & meirfdadeatefdledavdty) (Midter Bal f acifar&fterized

t ed d t,al f
e R R S e A e AR AT e
agent conpri silng: a Aurdiawy,gan wisidch cion cospadingnd dried an
(W 8003 ”%%takiyéj?}r%% gcr%a%r&e%[k goé&ﬁ}'”g agent (A)

contdl ning one group in it mol'ecul e and a

si | ane coupllm@ea@amequ@ mﬁﬁﬂkmsunﬁPQREt{ﬁqtmenﬂ agent

gr OHBmbR st lecule in a solid weight ratio
[(A)?mg)fs ?gno to 1.7 and containing, inits

nmol ecul e, at |{&st apwe rfagmdid (ﬂﬂdllccg“r cgepregu)d of W heobtained

fOfH?'BleﬁH@%8283@wh%ﬁ%'&odghl Fﬁﬁﬂfbontalnlng one

i ndependently represent an al koxXy group, or. I oXx

gr oﬁ}?lnoa{grloélé’stlnoﬁésr é‘[?rl&cé‘r?{el @g“grﬁ A idAne g%%{ipgl%oagent

one (B} caarcamfln@t oln@asguy@lew}y cﬁfp hgriaind Xecule in a

sepaPhil PRIAPEREEt Thold g (s 1T et 56 4 e 2t

funcbneaahlggouﬁn(akb and e 120 &t NegyWko afithctional

haVIngu g r% etggl%%%%%&am@kgﬂgR@£3twherein, Rl, Rz, and R?
independently represent an alkoxy group or.hydrOXy group,
at least one representing an alkoxy grcup) and one or
more of at least one type of hydrophilic functional group
(b} selected from hydroxy group {one separate from that
able to be included in the functional group (a)) and an
amino group, and having an average molecular weight of
100G to 10000,

(3) at least one type of fluorocompound (X)
selected from fluorotitanic acid or fluorozirconic acid,

(4) phosphoric acid {Y), and

(5) a vanadium compound (Z),
so as to form a composite coating containing the
different ingredients,

and ameng the ingredients of the composite
ceoating,

(6) the solid weight ratioc [(X)}/(W)] of the
organic silicon compound (W) and fluorocompound (X) being
0.02 to 0.07, |

(7) the solid weight ratio [{Y)/(W)] of the
organic silicon compound (W) and phosphoric acid (Y)
being 0.03 to 0.12,

(8) the solid weight ratio [(2)/(W}] of the

organic silicon compound (W) and vanadium compound (Z)
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1

w

20

1000 to 10000, (3) at | east one type of fluoroconpound

(X) selected fromfluorotitanic acid or

fluorozirconic acid, (4) phosphtti<c acid (Y), and 25

(5) a vanadi um conpound (Z), so as to forma conposite
coat ferent ingredients, and

arm‘ri?ge ?If?‘e: |ngrecfpents of% e conposite coatin

(6) the soI i d B gHIhqf adloid (WoIqW rafie hé(Zb?g?éhI cof the

gi I0|2 to 0.07, (7) t VYwe Q%Tld vveegﬁht ratlo‘f%Y)%U\)gTel?g 1.3 to

the® @rganl c silicon conpound (W and phosphoric acid

(Y) 35 being #.03 A0 thiea () ;ﬁétealsqﬁaﬁeﬂfwhés r@étoforth
[(2)./ (W] ,of the organic siljicon conmpound (

vanadi Gﬂﬂaé&rﬁo APHEHeL contaigdingy @D oumxierdl%wa (C), in
(9) thie coaldi! iaght] g=afd Q)r{d £)YdeX)dt doBdme: compound

fl uorgco r}:,(?AE and vanadi um conpoun %ta? bei nélj

to v l}rhrea%oc‘%*’eeﬁoé‘li”ﬁeft (ARt RILERT e,

for t:bballm mllalmt‘la, faurd h:ejbajﬂﬂtc&l:dhjdlgatﬁe,s wiliere the solid

i ng t )z, t oat t I east one type of

cobgﬁg gggnﬁc%gr% s[g(lcgc)1 &(ﬁf f dflm gorrcﬂfd] co %lls%g(}j ofompound
cobdWd soHf mobal tcavalptounad rdl)e, 1sar®d okl t0 .clar bonat e,

where th SO|Id | t of, sal

organi c §| [ con gé%\cg%n%qlﬁﬁt%d g“ (an r{a\@érlal C?Pa(la(:terlzed
is CYOIPEELBQOCPmpzlsAdsmffacgaettradatrr@ctamtaéu crrattéra asturface of
chagagLar hﬁegqu%u@em&aqowfﬁ%% fr te;'.fetsur claim 1

on the surface o whi ch an aqueous ne

tr eat-”w%mlSag‘-@ﬁtteéif a@ldalqﬁlfdlﬁtola Peak mwadmrajrhwfar
t b & 5 t

Ssof BRSOl BRI ULE Dhghersol 0, Send PR Bl ing

g/ n‘261ghtA0§uﬂf 86e tor é’atUe@/rrét al material of claimi,

si ot gg 32‘(’)\"“:{ gs'elgﬁ%a@e”%&%'at%t flelal: 'n?at%xzﬂa!lc d@%ﬁdalm 1, 2,
or 3 wherelin said metal .material is a zinc-based plated

steel sheet.



