Qur Ref.2009S02034 - 1 - DESCRIPTION [Title of Invention]

SURFACE- TREATMENT AGENT, METHOD FOR PRODUCI NG COATED STEEL 5 SHEET
USI NG THE SURFACE- TREATMENT AGENT, AND COATED STEEL SHEET [ Techni ca
Field] [0001] The present invention relates to a surface-treatnent 10
agent for coated steel sheets that is optimally used for applications
of autonobiles, household electrical appliances, and buil ding
materials, in particular, an environnentally friendly
surface-treatnment agent that is conpletely free fr ] e
like at the time of production and 15 during pr odu(%][pi %‘%P?&n@%ﬁ)%%r
produci ng a coated steel sheet using %he treatnment agent; and a
surface-treated coated steel sheet. [Background Art] [0002] 20Steel
sheet s obtai ned by subjecting suPEACREFPBICNal vani zed steel sheets to
a chromate treatnment with a treatnent solution nmainly containing
chromic acid, dichromc acid, or a salt of the foregoing for the
purpose of enhancing corrosion resistance (white-rust resistance and
25 red- FGstleesfsfarneasfiare widely used as steel sheets for Cur

Ref . 2009502034 - 2 - househol d el ectri cal aERIiances, steel sheets
for bui PHRPECHRRTBERAMENT ARERT ecHESHEET E0R0FRREYBAYEI FRETEPHETEEL
chromate treatnent provides excellent corrosion resistance and i s an
ecoﬁbniE%FEFrEﬁFH@nEHFhﬁPRE%GEbERF%F%FN€eﬁ?EBESiF§DpEPPSFHe§?E§Fooos]
The chrgngéﬁ treatment enpl oys hexaval ent chromium which is a

regul at d bst ance causing pollution. However, the chromate
treatnen# egHLo§§ Eexg&ilent chromumw thin a cl osed system and
conpleté ?creaﬁ 8san ol l ects hexaval ent 10 chrom um w t hout
releasiﬂgopi into the nature. In addition, organic filnms can provide
a sealing ukction of substantially preventing rel ease of chrom um
fr°”1ChrPnalfhé;%P§se£FC£ﬁ§QﬂEﬁah i aﬁQ£°H§F£ d.[eal oent ggﬁﬁeHPt
substantial l'y cause contam nation of the environnent or gl unman
bodices ubhehexavabankaClLeny Udhoboueyahe dueoboihgeel! ugkababy

environnmental issues, there has been a strong tren rd voluntary
reducti gpni NcHEEoRE B%X%&%bﬁ&bi@@%@mHHHséHbEHﬂEﬂédeiéé{F% Elnces,

envi ronnental contam nation caused by dunmpi ng of shredded dust of 20
di scardgdappeduatisg hheeeihas, akhepdytheanaa, t kENAnt9¥BhflentB11y
products, mnimzation of the anmount of hexaval ent chrom um or
reducti epikndihesampunt-etehexanal egbnehthat Ul EORPAEtely free
Accordingly, a |l arge nunber of treatnment techniques for 25
suppressrof theogensr ahdonhef 1wket atr it enAmgab¥aprzddcstieal anQur
Ref . 2009502034 - 3 - sheets w thout enploying the chromate treatnent,
t hats i sduehngnpunehredéohechnngtibsd lavepbedncdeyebopedicBostexanpl e,
there is a technique of formng surface-treatnent filnms on gal vani zed
st eel shbeets byingi hheanreabmgani egenhpoand, aapubfergahireatenpound,
an organic polyner material, or a conposition containing the
f or egoi ngatadcerbehashent. Al t hough vari ous advant ageous techni ques
have been devel oped, with commercial use of these chrom umfree
t echni qliBsckebpeatdsAtrhat were not recogni zed and need to be achi eved
10 have been newy found. [00051 The first object-is to enhance
corrosi 6A%P8si stance in processed portions of surface-treated
gal vani zed steel _sheets. Surface-treated, gal vani zed steel sheets are
15 Ubj ect edS ¥ br deeess ngPtztRed ngy PR "Rt UrhCdF Phrts, and
painting) to be turned_ into products. Wen a surface-treated :
galvani?éévépééﬁdsﬁégﬁli§hB%EF,t8 EoSPEAMREFeFTEALRRBLT FARP &urface
of the bent gprtion i s.extended. In %his,case a surface-treatnment

[

filmistaPebTeRFerGet thy t RE*BOYLERBTAGARE CHECBEFT 864 % r BAChERMIC

filmis dagaged and H@e ga%vanized surface izhex osed. Degradation of

corrosi 8fi-FesP&t 8nE8EnCsuER®e£B6598 B8 £PENS"FsPRFBBFENETi c. I n
enhancing corrosion resistance (white-rust resistance and

25 red~rust resistance) are widely used as steel sheets for



10 conposed of a hydroxypyrone conpound derivative to inpart
corrosion resistance to netal materials; and a nethod enpl oyi ng an
aqueous solution of a hydroxystyrene conpound or a water-dispersible
polymer to inpart corrosion resistance to netal materials. Patent
Literature 4 15 discloses a technique enpl oying a surface-treatnent
agent obtained by m xing an aqueous resin, colloidal silica, and
ammoni um vanadate with specific proportions. However, any of these

t echni ques cannot achieve a filmthat provides cor i res

that is sufficient to replace chrongtg 20 fil ns. [%@id?gf'§§b§%§?§%%
Literature 5 discloses a technique of "a surface-treatnent film
containing an organic resin and_a thiocarbonyl -group-containing
conpounboukgheddr elerér2sadupbrééancest neheeti breades fnot bpiddiae
sufficient corrosion_ CQur Ref.2009S02034 - 7 - resistance after being:
subj ect BdtesialRal PRE g&greashRELSPEPENRULPTEPALGFe 6Tl sEhbeBatE
technique in which a surface of _a netal plate is treated with a

t r eat mehte86MERFoRTPRALSSs SR ea4GBEUSOSEPEEPBN TEF IPLRRCEMREM lEaf®
containin% an 5 organic resin, a silane coupling agent, and a solid

| ubri caRECTABMEGSr FEERETERST FARic CoPth et e/t ¥ °3 ot hY aPFT P Emed-
polgger @58 Eence corrosion resistance in portions processed by

ben ng[ fhe like is insufficient. In addition, due to the presence

of Lhe.al kel ot L Bgcopdaci a0, sdicrion of BpLILLPOLEROOL.
02 MEBHD 33Ua0Us ALt on SQDLALY 1A, 8,5 RO aLALD ORLALDl o

car boxybie agi-d GeROLYIBE S Eﬁﬁﬁ%&g/ 'ggmaﬂaﬂ@ anshlans %fitglggp'ai ng

agent mnth specitic proportions; er, solvent resistance
corrosi gn Legl %p@&%ﬁl LR PO §%EQ1?OEEHQEEsa"aﬁldnﬁbli%fcft'sc h%&fakfxéflie%

achi eved. Patent Literature i scfoses a steel sheet having a

cont@i NG odi whelhaReuteseNead ihdbhiCaRto 2Rl RALGSRI.C Q! LQhHrion,
conpound, and a 20 sil ane coupling agent with specific proportions.
This fibmgasidesignedcher pebegteodepasiitngn randtexeeblrent in terns of
el ectrodeposition properties, but does not provide sufficient

COrrosi enbkesn$tiande phcRedtasgetepetiscons. ch@ohilhm?FPakerhromate
Literature 9 discloses a surface-treatnment CQur Ref.2009S02034 - 8 -
sol uti ofigestai Atograisglanecsoupht tigabgent catidedt uieébanetr esi n and
adjusted so as to have a pH of 2.5 to 4.5; however, the solution does
not proguthetsufizdlentcacsrr contamiesicibvancdE aheeenalikahimeatdegr easi ng
and does not provide 5 sufficient solvent resistance. Patent

Li t¥r at bueab0 bdds elsowes ha heeelnilgnd chrborimmng Boftetarw theato
treatnment solution containing a water-dispersible resin, silica

parti cl esceatd gdohadi enviiranmeatwilt B sspesi f tbepeopast bess; shewevely
the techni que does not provide sufficient corrosion 10 resistance in
pr ocessé&depdr tticvasd Patlamtaryt aeggtéon] 1nangel 2idhexagsdeatt echni que
of forming a filmwith a treatnment solution containing an aqueous

di sper sicbFoBE UA -spéki #fdibpeRy EesPhAevanti SpetsPeReBEad ur et hane
resin, a silane cqupling agent, phosphoric acid and/or a phosphate
conpoun&CntETdRa td ofo FEEFSE RavIANgPLngo oF FRE6FPRE &Usts 9fn a

nol ecul e;, however, the filmhas insufficient alkali resistance and it

i s o ffPEFCRIESA PREGATSt PfEFe PESH AILEFERY O6PPo&i & eP&sitovakce and
aintabilit fter al kal.ine degreasing; and the fil m does not provide
Sutfi of it PEGPMEESon TR TaEEAaE i26 M GREYSE OfoPErGTE 16T

fficient | t i St " 12] Patent _Lit t 13 .di scl
2 cohnt OGP G B P Coa FPRAEA "EOPICLER (o oMy 2

speci fi Or@iin conpound, a vanadi um conpound, and a netal
conpoun Q éontaining a specific netal; however, the filmhas Qur

Accordingly, a large number of treatment techniques for

25 suppressing the generation of white rust on galvanized steel



15 Publication No. 2001-181860 PTL 14: Japanese Patent No. 3883831 PTL
15: Japanese Patent No. 4078044 PTL 16: Japanese Unexam ned Patent
Application Publication No. 2006-152436 [ Sunmary of |nvention]

[ Techni cal Probleni 20[ 0015] An obj ect of the present invention
is to provide a chromumfree surface-treatnent agent that is used
for coated steel sheets, overcones the above-described probl ens of
exi sting techniques, allows for formation of filns having 25
excel l ent corrosion resistance on surfaces of net r

Ref . 2009502034 - 12 - materials, provjdes excelIeg%”%§#?5§qg9802034
resi stance in bent portions, solveﬁiz}ééistance, and paintability
after al kaline degreasing, and has excellent storage stability in the
st at e ofheeiones Compoheahphgeihy Bheetivocndioe presiucemy, atbatoas ed
steel sheet with the treatnent agent; and a surface-treated coated
st eel sdieetmifitof iee obetbnProts enfhayOO0d6In Theve hoped or S'af adwmple,
present invention have thoroughly 10 studied how to achi eve the

obj ect Gmeirdave acweghhbagnd thefdoninwi sigr faeehyeat\ynt r 8athagon
surface of a gal vani zed steel sheet with a surface-treatnent agent
cont ai ngabvanspedi ftecteshactonppunding apetnPrgapiti 6ANROWREL hafhe
resin, a silane coupling agent having a specific functional group, 15
a speci PFeabtgapPePTINEhef At RTERNPOUPALYBCT SR BGEI @At 9ENAdYI
conmpound, with specific proportjons, a film having excell ent

cor r osi @PPRE} 81 AR ceCrhATBANE o iR AT ARAIA 1Y | WP t AEFCF82EXER I ent in
terns of_.sol vent resistance and aintabikit can.be fornmed. . In

addi 1 PLERPHFRaPAFAPHE CAN2PE=PBPHE] oG RLHHSEN LTS ! (9T IRRAC
agent even after storage. Thus,, the esent_ipnventjon has been
acconpr%ﬂ%d?oqm%rﬁ?% eltei REehPFo% $ THRERY” ﬁe?hte?Pﬂaﬂﬁag’and
features,_thereo 1] be described w,. [0 ( .
surfaceg??%%fﬁeﬁPE%ggﬁFei%8?u %gggﬁggége ?éoﬁ%%%2€§4%% %gh}ev?%) a
resiin c u h t eferred to as "resin compound (A)")
haéﬁﬂg ggg?s%%%%oﬁéggglg Bﬁafepresented by a general fornmula (1)

bel ow, é?@Sﬂ cationic urethane resin enulsion (hereafter, referred 5
to as "éa Iohic urethane (B)") having at | east one cationic

functional gpoupe selectigsl & 0D PEL MBI tE5EESE YorrM 95 SF oYps fRd a
guat ernary anmmoni um salt” group; (C) at |east one silane coupling

agent hﬁYbBQsééd'%@%Ei@ﬂg_bgaQEtY§c£UB§éh@@§|ggleaﬁiﬁéaestéélffOWIan
active-hydrogen- 10 contai ning am no group, an epoxy group, a

Mer capt ghgeeYP, ANEE Bcdret Rast &d L SHokd (Hed SH@snd Catdt ani um
chel ate conpound; (E) a tetraval ent vanadyl conpound; and (F) water,
15weer ekibiacteastbapik8ckbbing( aputtihy, +tbéafiihgpf walaohiydogophent, of
the cationic urethane (B) to a total of solid contents of the resin
conpoundnéApaihhengat tenbe wnehbanen(B)praddcthe Sithamea cowpfaog-
agent (C) is 0.1 to 0.3, amass ratio [(c)/{(a) + (b) + (c))1 of the
sol i d 2@reantdntabfrahheesi karelceupkingsagent, ( € cbeteheltgeal iof the
solid contents of the resin conpound (A), the cationic urethane (B)
and t hetbEkl &nentosplkifageagéntheChent poBtion0ig5extended. Im pass
ratio {(c)/Ti} of the solid content of the 25 silane coupling agent
(O to aacont ensucfachetoeganeot OYLmMREE. 2009SerO8Ndedl1y- thet ani um
chel ate conpound (D) in terns of titaniumis 50 to 70, a mass ratio
(VIZ0 ) bendipeneadt tbe shefeeeravarénentafiady Leofpvaded( ENd fiheer ns
of vanadiumto the content of 5 the organic titaniumchel ate conpound
(D) in gerwsneked saalfame 4S0e3rpeed. 5, Pederdairiak et rear rehtoagent
has a pH of 4 to 5, in the formul ae, (a) represents the_solid
cont ent T6BiFhaNEEsIA SHFPOGHEOERS, PPBY1PBFr é5eRESPLRBAEAG d €Bnt ent
of 10 the cationic urethane (B), (c) represents the solr% cont ent of
the sil RAELeGUPRITng VRdEHE CEPPLTE FeprdSent-8Cthe IEBACENt P61UHRE

causes continuous damage in the film and the coated layer.

25 Accordingly, it is very difficult to provide processed



-CH2 N--R4(I111) 115 in the formulae (11) and (I111), Rl, R2f R3f R4,
and R5 each independently represent a hydrogen atom an al kyl group
having 1 to 10 carbon atons, 5 or a hydroxyal kyl group having 1 to 10
carbon atons; and A-represents a hydroxide ion or an acid ion. [0018]
(2) The surface-treatnent agent according to (1) above 10 further

i ncludes (W a wax, wherein a mass ratio [(wW)/((a) + (b))] of a
solid content of the wax (W to a total of the solid contents of the
resin conmpound (A) and the cationic urethane (B) is_ 0. o, 4

15in the fornmula, (w) represents the zol id contentg%lf }t%#e' %299%9/@5'94
(a) represents the solid content of the resin conpound (A), and (b)
represents the solid content of the cationic urethane (B). [0019]
20(3) Apsetheodsf aevinodsciffigcaceobatedrstéeh sheéstinckudes appl yi ng
the surface-treatnent agent according to (1) or (2) above to a coated
steel skheébpland drying the surface- Qur Ref.2009S02034 - 17 -
treatnment agent at a _sheet tenperature of 50C to 180C to forma

sur f ace-t r eaflmensetpheh bhyeny ascbat énguvei ght ventorgsigtangegpfivaon
a surface of the steel sheet. [0020] 5 (4) A coated steel sheet

pr oducedubyjatke treeis¢ ol iproduti ngha ebaveddeseribeferroaRedtBng
to (3) above. [Advantageous Effects of Invention] [0021] According to
t he r egéht stakast iovn the BUFFRESn Obe L6 falife@Tt RAMPRAS #&itdSon
resi stance equivalent to that of chromate filnms and i.s.excellent in
terms oFiEHr PoBREH G BSiECAnEE S ROPrOCESSe PGt i‘% s "A-&PmEd SQUriSg -
production process, solvent resistance, %nd aintability after

Bl Kal | né EHEEAS FRFSSThISS Ot SRCURCLPERTCOAEER SPUER Sshe S ERER TS
are nore_ usef t han exi sti.n roduct.s_can be provided. In_addition,
a chr omGfEFr gilesﬁﬁ‘??%@et_%&?%ﬁ%ﬁtn a?&ﬁrf“ ?’ LG4t SFFSTEe ecgﬁéle s
accordi to.the present .inventiqn i s al | dn.ter f
stor agegg‘lsz%’illolrt arvd aﬁer?(?e\{-”lagev%r Faagvgﬁ)ﬁggég?glﬁ%%lﬁ%ét rﬂgf&gugage.
20 scription.of ' Sl: [ ' i naf ~det aj f
thei(greessélnt aicr?vé:%%ac%n%glﬁlydI?;ngnsér?s%%%r%]rtaﬁgq ifr#;ﬁ%% g%slﬁi%%lctehg&%régaéﬁt
i nventi il . i ~irot eel S M
surface%{grl\ggkéﬁ%%g%cege l%gl%eeé:t's%glctzaco%:%%;aenlg S’?%r%%hé%;)e%zggﬁcts%i%rﬁnti on
are coa gﬁrogironR%fe;i%%%Q:%QB4wrleﬁ8a- sil-egkesheehsnbhat rang pueddced
fromcold-rolled sheet steels and used for househol d el ectri cal

appl i anggs + buidll npgmherdcl Su=and automyd=igarts. To provide
advant ages of a surface-treatnent agent according to the present

i nventi gpopymarkedly, gal vani zed steel sheets are preferably used.
Exanpl es of gal vani zed steel sheets include el ectrogal vani zed st eel
sheets, hot ¢hp galivaniorgdcst eel tsheaksrezpadnakbiilnum alfl ay- coat ed
steel sheets, zinc-iron alloy-coated steel sheets, zinc-nagnesium
coat ed shedalackd-tsheatsentarkd 1ad .ncTakburi aue nagresivtaral by- coatfedes
steel sheets. The present invention is also applicable to al um num
mat er i alcf sUcuES @ v aeirad astledhrsitzzel  sshwedt ssheadtuhihauimSSi

al | oy-coat ed steel sheets, and al um num sheets; however, nost

pr ef er aldngcddue dras et st isdrovies aappldlehnes! twiidalarard Zedl steel
sheets. [0023] Such gal vani zed steel sheets may be provided, for the
pur pose aifeagriitancigeniblae kér ng- ke siast kidcan o fdegraamingd stedhe
sheets, by adding a small anmount of Ni _or Co to_20 coating or by
preglpi taldanedi sudRceh R e RFLERY ac 8§Cordinglyal Pasi-Ped népdallity
sheets using an acid or al kali aqueous sol ution containing these .
netal s. gopuwjfaces havingegmafisiected trd flka rid msAr g is
according to the 25 present invention will be described. . Qur -

Ref . 20095gRRi34nes 1pquingps] HRVEY rac & e 8atien fCageit 1&ddordiang t o
the present invention includes (A a resin _conp unda?r%)r.esent ed by a

gener al TOTFARRCTT )T & o P BLULEER | Yhi I A TRt EC| east
i0008]

25 The fourth object is to achieve sufficient corrosion



In the formula, Yl and Y2 bonded to benzene rings each independently
represent hydrogen or a Z group represented by the general fornula
(Ir) or (11'l) below, an average 5 substitution nunber of the Z group
per benzene ring is 0.2 to 1.0; and n represents an integer of 2 to

- 50. [0028] Herein, the average substitution nunber of the Z
group is a value obtained by dividing the total nunber of the Z 10
groups introduced by the total nunber of-the benzene rings (that is,
2n). In the present invention, when the Z groups

and Y2, the resin conmpound (A) has cationic functr ﬁ%fo%§§9%$58§%
secondary amino group, a tertiary am o group and a quaternary
ammoni um salt group. Qur Ref.2009S02034 - 22 - Accordingly, the
resin cogpasndncA) ofar dussakbeetwethmente faflabehidt gpuffiiaient ‘
surface-treatnent agent that is acidic (pH 4 to 5) according to the
pr esent stpvegei efablid iflyeofir esent fiameefireonmneaterggetdegReeent
polynerization nis defined as 5 2 to 50. Wien n is |less than 2, the
ef fect ehrompamtifegec berbsiignesegiostasoamionlynsupfloyi éormailion vi
more than 50, degradation of water solubility, an increase in
vrscosrSyrfeﬁerﬁéeﬁﬁmenécéaﬂ@ and aswaBiviendyedn stre 1t sbgefe®y agent is
degraded, which results in insufficient storage 10 stability. [0029]

[ Chemi caPPRACRHIETSENY Gg36PIL5[teRENILGal HPBLAGRE 16D ERZTREAN-I | FORS
Qur Ref. 2009502034 - 23 - i ndependently represent a hydrogen atoq; an
al ky! g.laaerﬁan kG TEies féf@artb&ﬁ &t GHE; a&re“arﬁy F“&Wal Ty g‘foarﬁ
having 1 to carbon atons. the nu e carbon at of
the al kyP* & aoF“aPﬁl@rE A 8%% Ry TG e ford CR&RS16°
resin conp und 9@% nnot be suf%rcrentlﬁ drssolved |n ma%
unstabl? aﬁgﬁﬁ ARG CcanhBt S beS used2 &hed f id

| R3, R4, d | ud th |
buty! eﬁygf&ueltth o . AR i LG RSy el 0031
A J6Pr sasH A udaxide ] o ot ab A | 00 8066 0 eg%m esof

becones

t he acr ion"inc e an acetate ion, osphaté i on, rmat e
L on. 15[ :i%]ler § ref a88 QHHd éﬁ) 1&89&@? t?@ by EH?oQ‘EBﬁ‘ca'
fornula 'S a b |sp enol n condensat e an "a synthetic method

t her eof t'h%t”%t 'df‘fatc%dtr%ertm%wr@geﬂtt he-JiRgleh GAMROWRAL (A
obtained by allowng formalin and 20 anm ne to react with bisphenol A

in the presenes, ofidmh@lkadl e cataly stitH @33kt erminERe 3RIJRA ions
urethane (B) in a surface-treatnent conposition according to the
present damv Rt isdbdes RAth2%tp@itliiew ar tynkiabtedgi Bukeeds oF aspol yol
conponent and an Qur Ref.2009S02034 - 24 - isocyanate . conmponent that
ar e1 oNQRRIL rGHIRORRIS af GrITifagG e ealniedti Ggenadt ame HeB)s tatdd with
pol ymeri zation method as |ong as the cationic urethane (B) has at

| east onre&atdlliiany e ifihecttd eldle rgrodum Selrec dobrigr arpodTarty timd extt i ary
amno 5 groups and a quaternary ammoni um salt group. Exanples of the
cati oni @5°unatd adlIC .gr Bupatchtkudesanhastnoageoapabalmeyhylianiiso
group, an ethylam no group, a dinethylam no group, a diethylam no
group, adosseEthy|/tddhergrioupeassd ia triisstdsiltan welgitdum, However,
the cationic functional 10 groups are not limted as long as they are
pri mar y pue digrittiadyiyeramang gheugs kendla npfatasiavar yinammeviafiacsat t group
and they do not degrade performance of the present invention. [0034]
The2@i | &veadodiit mgeagentthed) lisn &hsurradaaadqaemments aggarit has
according to the present invention has at | east one reactive
functroﬁQSQﬁﬁﬁﬁW§3¥eéﬁ&fﬁrﬁﬂ%%ﬁikﬂﬁﬁwéﬂﬁyd#ﬁgéﬁlﬁﬁﬁﬂzﬁﬁﬁQRP%ﬂﬁno
group, an epoxy group, a nercapto group, and a nethacryl oxy group.

The si | &% Ho T M iagent (OF iR3rdrerbliye ttweal% | ane havi ng

three al koxy. Such at 20 | east one_silane couplin may be used
Wi t hout TAHATAAT IHRTSAS SYEn SidET i S WasdfIwe fat %rHeaﬁfeD
time.

25 [0009]



t he maxi num ef fect of enhanci ng corrosion resistance is 15 provided.
[ 0037] In a surface-treatnent agent according to the present
invention, a mass ratio [(b)/((a) + (b) + (c)}] of the solid content
of the cationic urethane (B) to the total of the 20 solid contents of
the resin conmpound (A), the cationic urethane (B), and the sil ane
coupling agent (C) is preferably 0.1 to 0.3, nore preferably 0.12 to
0.28. Wien the ratio is less than 0.1, the proportion of the urethane
resin is too |l ow and corrosion resistance in bent portjo

resi stance, and storage stability of the surface-(ﬂfinﬂ%é§?9§§§§g%%%%4
- 27 - treatment agent becone poor. Wen the ratio is nore than 0.3,
sol vent resistance becones poor. [0038] In a surface-treatnent agent
accordi ng t a4 hdepredesd dovvemuoisca-nmesstedtdgolf{c)Zidd¢agtaelb) +
(c))] of the solid content of the silane coupling agent (C) to the
total ofh¢hessbhivingomveatsxoéliaetrebinacoaposhdctApret Hemeatirdni c
urethane (B), and the silane coupling agent (C) is preferably 0.6 to
0.85, nbeeepfeeerabbgchibs evadp8es Wiehxiotihe Fhrioivs—FEss t han
0.6, solvent resistance becones poor. Wen the ratio is nore than

0. 85, cbeﬂbgiGHEﬁewié@ah@edeﬁCE%g@ésse%ﬁ%ﬁnﬁikﬁﬁﬁ%ﬁkﬂ%@cﬁe@ﬁﬁcloses
stability of the surface-treatment agent becone Eoor= [0039] 15In a
sur fPaceat rebhABniNaybhEhagRorERRGUE0SPHBLHPBSERRLRADERE] BnW2h Kass
ratio {(c¢c)/Ti} of the_solid content of the silane coupling agent (C
to the €6APBRELBRCt AdloFganPl #i€X¥Ai GRSERel 3PE Rohpod H°§%F1'ﬁnﬁerns

of titaniumis 50 to 70, preferabl 5 to_65. Wien.the ratio_is |ess
Chan 50COBBOHBR, 081 SROLSERSE AN aRPEaYr SHECSRA POR PEnEant SPEPEGY

§£§BLLEffg?e%?gﬁa.ﬁﬁ%;£¥E§§eEQ$#%ﬁ%;f%%$a$$%§%%a Syiga%t%if%%%%?L?ty
. . RN .

o o S - RO Rl SR BRI R x i
et hoac R pRElDe = o RyBEBRx b HE kBRIl U PR TR ol ThBRTE ¢ o
al koxySphangsiR,Sres08hdke 1Bl feta1PRERUSS 1 MICHRLNE SLkABE coupl i ng

agent is disso I'n water, nost portion thereof is hydrolyzed

and al cghgh cgengr ahedqb¥ohResBYdEabkshe gvﬁg@&@k9§ty@eheepbabgﬁhhon
of a filmby applying and drying a treatnent agent according to the

present gi-nyepkirar-andpdeaspnet pbuRmkr-oRcasmAractby@oeaapONeNt .
- 10[ 0041] In a surface-treatnment agent according to the present
inventi gasiataRes kat metbY mblreefiallbe cpatemt vitdhechesraval ent
vanadyl conpound (E) in ternms of vanadiumto the content of the
or gemi Cdiktanked chekahaigaapenpdoy®hg B $hrfecsstebatinkan aaens 0. 3
to 0.5, preferably 0.35 to 0.48. Wien the ratio is |less than 0. 3,
corrosi ebteesiest aycaibenones pogoeoudherstine raflloidslnsré ithan adds,
paintability after al kaline degreasing becones poor. [0042] 20A
sur f aceatuneatimentraagektt cagd thdispgctid icherppeséntnsny elitvernehasaaypH
of 4to 5 Wenthe pHis less than 4, a |large amount of zinc is
r el easedif thmsgaloeahniguest eehnohicachievat aare lguthateptrogaded and
corrosion resistance becones poor. Wien the pHis nore than 5, the
sur f acecoZBosieat mest sagare Gbes Act shadé cdeabi Lot FepArcgeicromate
conponent Qur Ref.2009S02034 - 29 - used for adjusting the pHto be
in4bhe £aAge-of 4 to 5 is preferably phosphoric acid, acetic acid,
formc acid, hydrofluoric acid, a fluoride, or the like. Strong acids
such as [$@%ric acid and nitric acid are not preferred. 5 Wen
sulfuric acid or nitric acid is used, pH shock (local rapid change in
pH) in the pPPB@PEsPHEﬁFaFEHﬁs5tGléﬁagéeéePaF?GﬁnbﬁuﬁaP?oﬁiéuﬁﬁéﬁﬁr
and cationic urethane in the surface-treatnent aggg%?tin addi tion,

salts géfErAMeR Y fltiffe SYRILALNGR%h &e ARGl FEGH. ¥ of being

thiocarbonyl-group-containing compound; however, the

25 surface-treatment film does not provide sufficient corrosion



20 specific gravity of the wax (W does not occur and excel |l ent
storage stably is achieved, which is preferable. [0044] The
water (F) used in the present invention is preferably a water that is
less likely to affect the 25 conponents of the resin conpound (A),
the cationic urethane Qur Ref.2009502034 - 32 - (B), the silane
coupling agent (C), and the organic titanium chel ate conpound (D)

and an acid conponent and an al kal i ne conponent used for pH

adj ust mrent. Hardness conponents such as My, Ca, a Si. ¢ { i
water as inmpurities degrade 5 solubiljty and diSpEH%ﬁtﬁﬁ#ﬁ%gﬁ) Qéh
resin conpound (A) and the cationic urethane (B) according to the
present invention and nay cause generation of aggregates of (A) and
(B). | nradistanne ahearNagihy, sahnfleched| tkeatbal anaedegnenairg - as
inmpurities remain in filnms, they may degrade corrosion 10 resistance
or pai nPahgnadhéseoatupecordiaglgseshe wackrigry usedhpebferabrface
contains small amounts of inpurities and, for exanple, preferably has
an el ecPfi ealnctohdnéetei Ly brepbsd vhbh 200repSrent ’BLEtLpeRf Bhably
50 p.S/cmor less, still nore preferably 10 1.1.S/cm or | ess.

15[ 0045} 5 A2BupEHBRLEr 88t HEAPNagENnt 1R EWRdFAYIEBLENECBERSBARTI Alent i on
may optionally contain a defoam ng agent or a wettability enhancer.
The % ypBrER0ERerB8EBanfng agBRt CPEPHORIpAPENEl aRPy2| FRIEEd and may
be, for exanEIe ~ap 20 emulsjon,of silicone or a fat%é acid. The

wet t abi PPy ERRBACBPYFESAN Ebén%nPﬁﬁ?naﬁcFEQBBEePﬁé Pfatg fendian

of the surtgce- reatnenh ggent t o_enhance_t he ﬁettabLIité gt t he

sur f aceXtFeqt RBnY™5ge APt 3555FvERT 288 8P eEF S SREBES St 3™t KBF &by Enhance

appearance unifqrmty. The tapili 25_enhancet .t be

mater-sgfﬁﬁﬁgsgglg%nﬁegﬁé gggge?ﬁgn%ﬁ¥eT?S Suﬁe%FggéBSO 4 - 33 -

but anol . yl | l.as e; r, et bl nh i

not 11 ARty ndSE L8 PRk p-ORUREE or PRe 1 hERL bhY S "SRR ER Ry

co %ﬁlnaaﬂeQESBVB@nga@a%ia deboanbig Sfdiacte ik d Lo PLEL of abl So1dhes

surfacectreat ment agent 5 accor ing to the present invention nmay

OPt'OnaE|¥eEHHEQh€ BeNicbAE AgSHCR88nNkCKRIl wAkh 8t 88k naARRRLUE

nitrate for the "purpose of enhancing bl ackening resistance. Wile

nitric @6&@t§%ﬂsé§nﬁﬁi§ﬂ9§ka§§a§§§ﬁpﬂbégoaﬁ0&6ntB&hﬁﬁgeﬁpQQuB@Ehﬁﬁése

pH shock. 10[ 0046] Hereinafter, a nethod for producing a coated

steel sheelineMahO¥igligokedsupbaseohr 6@t ARNbLtAgeBheWuhkabardesari bed.

A surface-treatnent filmis preferably formed on a 15 coated stee

sheet uskrBoaystEl acedt cegbiphbragenliascpadinglie,t hadpresentne

i nvention by applying the surface-treatnent agent to the coated steel

shegi amrduglyhngatketswuitaceptreat nepiropgent. oat ; ahsheetrt, espératitir e

of 50C to 180C to forma surface-treatnent film having a coating

wei ght aks@s2aB@et antl 8oglioBipel aksvettnca shnglrecssskdcecotibhe

steel sheet. The coating weight is nore preferably 0.3 to 1.6 g/ n2,

still mare peéf endfligientltyoathdeygeal. Edieent heitenttwgewdi ght is

| ess than 0.2 g/nR, corrosion resistance is not sufficiently

provi dedisvBeseshe cdgeilnghwetghevisdnsdr éilnasontsighing, at heeghane

effect in ternms of coating weight is saturated and such a Qur Ref

. 2009502834, 34 lubgdsEingg R gRPIH3NEE0ROALEAN FoRPSEaFantagedus and

al so degrades paintability. A surface-treatnent agent according to

t he2pr eSéA@rEnFORPléRInayehE Hpphi é8cfefaccpErPGreiess -shiktswit hna

roll coater (having a three-roll confL%uration, 5.a two-roll

confi guidt 965198 AOT ikErtredeRnsdd ORoalEr exgediléNtodlefeTHS Phe

i ke. After the coating treatnent mﬁtg a squeeze coater. or the like,

an i merdiSE TeFEROTe It P R0 PTRPEF AT g PFngﬁénPDFspﬁQWFHFned, an air
r a roll-squeezi ng nethod.may be use dj ust the

kni f t hod t
coat | ng *HE MSIERE SRa 06 1ak SoCHS CABHBar BnPE OS5k SEf BRSNSt t he
[CO011]

25 Patent Literature 9 discloses a surface—-treatment



[ 0052] However, the resin conpound (A) tends to turn yell ow
under heating (degradation of thermal yellow ng resistance) and tends
to provide a hard film Accordingly, in the 15 present invention, the
cationic urethane (B) is further added to reduce hardness due to the
phenolic resin to thereby ensure corrosion resistance in processed
portions. [0053] Although the cationic urethane (B) has such an 20
advantage, it provides a filmthat is likely to separate with pol ar
sol vents. Accordingly, in the present invention, the sil i
agent (C) is further added for the purpose of ensﬁq;@i@%{&ﬁé’&é?@
resi stance (relative to polar solveﬁt%)‘and yel | ow ng resi stance. The
silane coupling 25 agent (C) produces active silanol groups (Si-0OH)
from engol®uioRetcR002HDR034 siBine abkpXyngregpstt Andughuhygdhehysi s
and hence contributes to adheSion to a material (gal vani zed steel
sheet) aadianaoderddatielinsaddist tonhaseper pforf2 thdsid dve looupreng
agent (C undergoes dehydration condensation to generate 5 sil oxane
bonds (SheOCsSLytiFhedsiebanetcoupvicg agéhtciEhtt apnsoshtn a pol yner
by the formation of continuous chains of the siloxane bonds

(f or mat fenistapokysfrexantkalsie Glsyregs dng) andsdgepesatt premadsi | ane
coupling agent (C) has a structure with high stability and can inpart
cor rosi 8afidciestseanventsepyentanes; stRaeet dndt e 1'69% nk r esi st ance
to the film [0054] As described above, by using, the resin conpound
(A), théigairefpcauFechasguenpt Angine i FahB ¥ohPlI Pn§ragenerto) 15
serving as main conponents with appropriate proportions, _highly

bal ance8®V4Fi8ls ER PéBﬁBEi§tW€§egaﬂlEEeﬁﬁbBiﬁlgeﬁéﬁie§éa?c wever ,

h i Sti I d hi h W
o0 20 Lhat gyt conbs, £ 5L g BLOPLens A gl ves Lis ooy
hi t he 20 I t f -1 { t i to th
R e T e R
ts.apd_the. i i i ! | at T i
ComenenL 04, Lhe 8 830, S LLLaDLUPLENS! 28, COMPOUIV (o They o1 e

bromoti g9 bOCERLLON 0 RALYSLLOXENEOLA;LBE2E A0 HRLLOR Okedchib bY

drying Surface-treatment agent. _ _

result, Eﬁﬁt&bhﬁh@%%aqﬁﬁﬁgdsﬁagaﬁeSHQaagggeégﬁah'o%ea'§baeggic
enhanced corrosion resistance after al kalTne degreasing, enhanced
sol vent .pegi,St-aage, andigpbageed Bai At abkkhhve 2EQ9R3] aTQiphAW de
such an efféct, a predeterm ned content of the organic titanium

chel at eceapR9HAd aGBht, SpReegdadrithacpuedatgbr Regheephent Behpdund,
determ ned in accordance with the content of the silane coupling

agergs (&hda W@Bm?aﬁ@n@oh‘éﬂﬂhgnﬂ_ eb Bhe1apgankcCatbhanidmachellatale;
conmpound (D) is [ow, the desired effect is not provided; and when the
cont ent hbwe@xeesshee fithehagoiunsudfipokysi hokane kheecameanexceassi iel y
| arge to provide a hard and brittle filmand corrosion resistance in
processed paftfiend tbeoameaepdaim Abt haughsuli€itSehar natrrosioh

pol ysi | oxane pronoted by the organic titanium chel ate conpound (D)

i deal | yrpsdctedsei antheafiotebtildnyobftke hilkmlinke deggeanisd.ngi;t amdum
chel ate conpound (D) also pronotes the formati on of pol ysil oxane
during sher dgémofioklse notir paowiteeatféntriagénorAosardi mnglsystaher time
content of 20 the organic titaniumchelate conpound (D) is excessi Ve,
st ot@ge psrakisisetly pestppnss sicor st igheniic sedgentn reisdsésincpand

gel ation) of the surface-treatnent agent becones poor and the

sur f acel0Pdatment agent after storage no |onger has the quality

t hereof before the storage. 25£0056] Qur Ref.2009502034 - 39 -

A surface-trBataBhat La§eREtAEROr i AGSELCEAR prESEhR1ARGenfi 6ATEBATaRNS
the tetraval ent vanadyl conpound &E) as anot her essential_.conponent.
In the prefeitttindefticeinenfe SPAUFAPRI ERNEGaRAAY 3cERFEHEd C(ERSin

compound, a vanadium compound, and a metal compound

25 containing a specific metal; however, the film has



[ 0059] 15(1) Corrosion resistance The sanpl es were subjected to
salt spray testing (JISZ-2371-2000) and were evaluated in terns of
area percentage of white rust after a | apse of 120 hours. The
foll owing evaluation criteria were used. 20 Excellent: white-rust
area percentage of 0% Very Good: white-rust area percentage of |ess
than 5% Good: white-rust area percentage of 5% or nore and | ess than
10% Fair: white-rust area percentage of 10% or nore and |ess 25
than 20% CQur Ref.2009S02034 - 42 - Poor: white-rust e
of 20% or nore and | ess than 40% Very_poor: \Ahite-c?‘iirsﬁ{ea‘geﬁ?&%(%&gf
percent age of 40% or nore [0060] 5 123 Corrosion resistance in bent
portion Each sanple was bent at 180 by being sandw ched between rods
(fornedigéustacnkassasketl ) rbavstgnaedandetieesoho? proandewas
squeezed with a vise. The bent sanple was subjected to salt spray
testi ngsGdfEScZeRB872o2008)loandenastdfcevaktaredlkalirendegtegenagati on
of white rust in the outer (front) surface of the bent portion after
a | apseanfi ZBehbuiis. hdheufivkboWwiad pvabliamsohhatit épracuenplaesedhe
Excellent: no rust in the bent portion Very Good: rust area
per cent ajémofehdss tohanrs%ehloheuheéar h8apodngi onfCoork kilseraiere
~ percentage of 5%or nore and | ess than 10%in the bent portion Fair:
rust> ar €4 géscénsageaotetbrdarendfefandinass fhanm ¥Otdi g £KeakBgnt
portion 20 Poor: rust area percentage of 40% or nore and | ess than
80% i n BEENBeRPNBBANABA YePPepdsi-© FaSLnaFeBPPEPEentag§EtoPR86% or
nore in the bent portion [0061] 25(3) .Corrosion resistance after
al kal i nBrg&jrBEsFREINOBAVREE. 2009562034 fupstional gmgupy g paéane
degreasi ng agent CL- N364S_ (nanufactured Ex Ni_hon Earkerizing Co.,
LTD.) wasuBiliss| ¢8874t "4VeBAcBNEFAET oK ot W6 gPRAnIparE wat ér and
heated to 60C. Each sanple.g?s i mrer ed.kg this.%LkaIine sol.ution for
2 5 nmi nGPEECUPHkeiGutlt AGMt FEMBEPHET BA T r PREEanB TGP E4Phe

bj .ed l. , i -Z-2 - 20Q0 d
come: YB3 en tBkRRu e 8raR e Rt SO ELBEA LD €520 L 2000) and v
72 h . The. | o i i a. i i 4 d.
o7 006 FOFFRE1RY MRS ERAREE HAH BiAGBELEOAT LAsLLkaARRYD MEE/URDT.
heat ed wi inf . i 3 heet
eate %&-Qo%&yhn rre%ﬁ%qgig%xg?gﬁéfﬁzgtknaﬁ%a&‘iﬁe geggggggggzﬂc Q@gsgg% ee

tenperaturé may reach for 30 secon EMB
nat ur al L:liés%%'antc% 90 ;@r%ée%%%e@%trte&%nsThanape%q%%e r@f 13 t3WeaGs cOf

the sanple was visuall'y inspected. The fol l owi ng evaluation criteria
were usede BXCRlileNtindn9ndiseC ehakalicer 1699ds WekY ndhi Ghirry ireomn 20

Fair: discoloration to pale brown Poor: discoloration to brown [00631
(5)1%ai pi-abickidldy Eaghes8Mi eevasupai nbediwkibsas DELE &Ehh{ gegi st ered
25 trademark) #700 (Manufactured by Dai Ni ppon Toryo Conpany, CQur
Ref . 2009202034 g t44 o shirfiated).rewhinehti 2 gantekanitas ndknky & tpaisatst
baked at 130C far 30 mnutes to forma painted filmhaving a

t hi cknesie0facBRouy remier sed eidt cboiflriong awater chdke 2elsdwr sndard
imrediately cut in a lattice pattern (10 x 10 squares, 5 pitch: 1 mm
t o suchnardeptit asedin,r eactetdie dagesicetontiéin sanpd espasifub) Beted,
to cupping by 5 mmw th an Erichsen tester such that the cut portion
was on tanel owtten:.(f Edmi.).asilgde. aBkaddhessietenpe, wasrabgigad to the
sanpl e and renoved fromthe sanple and del am nati on area percentage
of 20 t hespgatane: fir mnems sgede PRTTE®N SThengy glodareindn resiitsdrang eh &l aew
were used. The Erichsen cupping conditions were conpliance wth

JI S- Z- 2241 2008 ismd arte thaseh cgiaspmt@rriwatsiczso amf Noe sAifd 19 igrdtlet
was 27 nm and the drawing width was 27 nm _15 Excellent: no

del ani n&drerewast-y @ééantdgnaﬁmapr@nlér daseftoFessat ReANBIAEG0d:

del am nation area of 3% or nore and |ess than 10% Fair: del am nation
area of MG Nbrie d A TR SIEYAGET CPEITEHHAYT 6h SEELBIC 20%

urethane, a cationic phenol polycondensate, and a compound

25 containing titanium and a specific metal with specific



than 50% 20 Very poor: delam nation area of 50% or nore [0064] (6)
Paintability after al kaline degreasing Each sanpl e was
subjected to al kaline degreasing as in (3) above and subjected to the
paintability test as in (5) 25 above. The same evaluation criteria as
in (5) were used. Qur Ref.2009S02034 - 45 - [0065) (7) Sol vent

resi stance A gauze inpregnated with nethanol was pressed under a | oad
of 4.90 N (500 gf) onto a surface of each sanple and 5 rubbed agai nst
the surface in a reciprocating manner for ten cycles der

Tracks caused by the rubbing were eval uated by viéﬂéﬁq$%§p%é$§%#£§g%e
foll owi ng evaluation criteria wer e uséd.” Excel l ent: no tracks 10 Very
Good: no tracks visible when viewed from above, but tracks slightly
vi si bl epwhesrviened ablkquel ysGbodntnoetiatkacei ahll pawheabyilewyd
from above, but tracks clearly visible when viewed obliquely Fair:
tracks skeghbkystusiibHeandenhesewetafraotreabeeci5aPeonptt racks
clearly visible when viewed from above Very poor: del am nation of the
film][0B66ELECBEnSigr agbistvaldi.l ity The surface-treatnent agents
described in Table 8 were 20 stored in a constant tenperature chanber
at 40C fleP130 days. The surface-treatnent agents were taken out and

t he appearance thereof was visually inspected and eval uated. The
evalation cFirtadditbenowahbr ehasedl sFurg e rb? e - Ebarenest ceperhdet s
havi ng surface-treatnent filnms produced 25 with the surface-treatnent
agent s §PatadningesidasR COUPlRER. 29608805634 LogbavecpRaAit SEREEES e
subjected to_the tests (1) to (3% descri bed above. Excellent: no
change 656811dédy sHEFPIAHBURY: of VEP SRR P t T bACS FaF#ECHAI FISRDENt

of precipitatigon or an increase.in viscosity sone _ext ent Poor :

ar Ge. aRGUAE. SEORAEE DRTAL POATEY GEPEAEORCLO0BIF (oY EEeh TCrAyME0k

di sc-shaped, speci nen h%éing a dLgneter.ofdlo . s.c%téfronleach
sanpl e &AG°FSr ffed POt STACCUBTANAEF S5RATE oNEATE5GRES *diCet er of 50
mm die.dianeter of .51.91 n I hal di for f; 41 ton.
Thé“gpp §9§ﬁéggb%efﬁ§l ugﬁndggb §C§t§99tﬁggpogn§53%}g u%& %&fer si de
sur f ace -of; 5 was visually inspected and was eval uated in
terns o# 15%£§8%a?§%§ it was and how bl ackened it was. The foll ow ng
eval uat i itenia were ysed. Excellent: alnost no change over the
entire 4%%%%%%,%&Eifbrn?ggpearance 20 Very CGood: very slightly
blackenq@@qut uni f orm appear ance Good: slightly scratched and :
bl ackened and cl early nonuni form appearance Fair: locally scratched

and bl ackenedrand: cligarh¥sBoDHEkKERAL ALAPPEBEARCRPRDi PaRk onseverely
scratched and bl ackened mainly in corner Qur Ref.2009S02034 portions

Verys poginiGl-ackes ard tshe1banmiang was not achi eved [0068]  Qur
Ref . 2009S02034 - 48 - C9 099 908 L c No.9 4- to
ti--, 0 aj:€rle2'EJhpsnese BxemifedlPaleSt hpplidathon Publication
No. 57-44751
PTL 3: Japanese Unexamined Patent Application
Publication No. 1-177380
20 PTL 4: Japanese Unexamined Patent Application
Publication No. 11-310757
PTL 5: Japanese Unexamined Patent Application
Publication No. 2000-248369%9

PTL 6: Japanese Unexamined Patent Application

25 Publication No. 11-58599



17.0 90 3.,- St 90 Z group: general formula (H ZA Zel 14449 propyl
141- 140 hydroxyethyl 1 ALRa pct-Re | ALRO hydrogen hydroxyet hyl

hydr oxyet hyl hydroxyet-hyl uo2o0. 4pAti Lel nmethyl hydrogen | hydrogen
| hydroxyet hyl nethyl nethyl nmethyl hydrogen hydroxyet hyl

hydr oxyet hyl hydroxyethyl hydrogen LA Z ua2o.ipAy | Aisat.0 propyl
hydr oxyet hyl hydrogen hydrogen hydrogen net hyl hydroxyet hyl

hydr oxyet hyl hydroxyet hyl L hydrogen | i ALRa | Aifl | Aui.aAxo., pAu
hydr ogen hydrogen hydrogen NHf | O- hydroxyet hyl hydroxyet hy ;
axo4pAy HoNeo- 6 z' IN 3V CV 17V gV 9V LV BRXVEEYhobokb2034

PTI, 7: Japanese Unexamined Patent Application
Publication No. 2006-43813

PTL 8: Japanese Patent No. 3573307

PTL 9: Japanese Unexamined Patent Application

5 Publication No. 2001-59184

PTL 10: Japanese Unexamined Patent Application
Publication No. 2003-155451

PTL 11: Japanese Unexamined Patent Application
Publication No. 2006-82365

10 PTL 12: Japanese Unexamined Patent Application
Publication No. 2004-238716

PTL 13: Japanese Unexamined Patent Application
Publication No. 2001-181860

PTL 14: Japanese Patent No. 3883831

15 PTL 15: Japanese Patent Nof 4078044

PTL 16: Japanese Unexamined Patent Application
Publication No. 2006-152436
[Summary of Invention]

{Technical_Problem]
20 [0015]

An object of the present invention is to provide a
chromium-free surface-treatment agent that is used for
coated steel sheets, overcomes the above—described problems
of existing techniques, allows for formation of films having

25 excellent corrosion resistance on surfaces of metal



8V 6V 01.V Z CQur Ref.2009S02034 - 49 - cC9 01
c INO o0 1:13 Ir-10a >wEsass < _on =wc . COti0O90 W Z L V0 9.0
L*O Z. I. 9.0 9.0 Z group : general formula (111) 3A Gel nethyl I
ua2oi pALl nethyl hydrogen nethyl nethyl methyl u 024)&1 hydrogen

hydr ogen hydrogen hydrogen Vino pro pyl 1 ALp.a hydroxyethyl p(Liza

1440 i ALRe hydrogen hydroxyethyl hydro xyethyl hydroxyethyl uaZ2
CUpALI [ Agl ow

.29 2 9 CV

: Our Ref.2009502034
- 12 -

materials, provides excellent corrosion resistance in bent
portions, solvent resistance, and paintability after
alkaline degreasing, and has excellent storage stability in
the state of a one-component agent; a method for producing a
5 coated steel sheet with the treatment agent; and a surface-
treated coated steel sheet.
[Sdlution,to Problem]
[0016]
The inventors of the present invention have thoxoughly
10 studied how to achieve the object and have newly found the
following findings. By treating a surface of a galvanized
steel sheet with a surface-treatment agent containing a
specific resin compound, a specific cationic urethane resin,
a silane coupling agent having a specific functional group,
15 a specific organic Ti chelate compound, a tetravalent
vanadyl compound, with specific proportions, a film having
excellent corrosion resistance can be formed and a film that
is excellent in terms of solvent resistance and paintability
can be formed. In addition, similar films can be formed
20 with the surface-treatment agent even after storage. Thus,
the present invention has been accomplished. fhe present
invention is based on the findings and features thereof will
be described below.
[0017]

25 (1) A surface-treatment agent includes



hydr ogen hydrogen hydroxyet hyl nethyl nethyl nethyl ue2o.i pALl

| ALRoAXxoJpALI hydroxyet hyl hydroxyethyl hydrogen LA 92:1 i ALRQU
hydr ogen | nethyl hydrogen nethyl nethyl nethyl ua2o04pAL{ hydrogen
hydr ogen ua20JpAy ua2cupAy uo204pAu | ALRew propyl | hydro xyet hyl
hydr ogen ua8oJpALI hydrogen nethyl hydroxyethyl hydroxyethyl 1

hydr oxyet hyl net hyl uaBEwpAti |1 ALRa 14;9 hydroxyethyl uaRal pAH
hydr ogen hydrogen "Hz10- hydroxyethyl hydro xy ethyl hydro xyethy I
HOzz 1-1z1"0- 6 Z LV 171-V g rv.l 9WLWS81V 6WQZV 1. ZV. zzV v
172V Qur Ref. 2009502034 - 50 - [ 0.0 6 9] [Tabl®?2] of 5 FF3sd20%1

(A) a resin compound (hereafter, referred to as "resin

compound (A)") having a bisphenol skeleton represented by a

general formula_(I) below;

(B) a cationic urethane resin emulsion (hereafter, referred
5 to as "cationic urethane {B)"} having at least one cationic

functional group selected from primary to tertiary amino

groups and a quaternary ammonium salt group;

(C) at least one silane coupling agent having at least one

reactive functional group selected from an active-hydrogénm

10 containing amino group, an epoxy group, a mercapto group,
and a methacryloxy group;

(D) an organic titanium chelate compound;
(E) a tetravalent vanadyl compound; and
(F) water,

15 wherein, a mass ratio [(B)/{(a) + (b) + (c)}] of a
sclid content of the catilonic urethane (B) to a total of
splid contents of the resin compound (A), the cationic
urethane (B), and the silane coupling agent (C) is 0.1 %o
0.3, a mass ratio [{c)/{(a) + (b} + (c)}] of the solid

20 content of the silane coupling agent (C) to the total of the
solid contents of the resin compound (A), the cationic
urethane (B}, and the silane coupling agent (C) is 0.6 to
0.85,

a mass ratio {(c)/Ti} of the solid content of the

25 silane coupling agent (C) to a content of the organic



No. Urethane resin (B) tonicity Manufacturer Bl ADEKA BONTI GHTER

HUX- 670 Cati on ADEKA CORPORATI ON B2 SUPERFLEX 600 Cation DAI-ICH
KOGYO SEl YAKU CO., LTD. B3 PERVARI N UC-20 Cation Sanyo Chemi cal

| ndustries, Ltd. B4 ADEKA BONTI GHTER UX- 206 Noni on ADEKA CORPORATI ON
B5 HYDRAN AP- 10 Ani on DI C Corporation [ O 7 0] [Table 3] No.

Si |l ane coupling agent (C) 01 3-nercaptopropyltrinmethoxysilane 02

N- (2- am noet hyl ) - 3- am nopropyl t ri net hoxysi | ane C3

3-gl yci doxypropyl tri met hoxysi |l ane 04

3- et hacr yl oxypr opyl t ri met hoxysi | ane .05 vi nvitri metHoxd3T 1212502034
[0071] [Table 4] No. Ti conpound (D) 1If%l*acetyl acetonato titanium
(Ti:12.5% 02 tetraacetylacetonato titanium (Ti:10.8% D3 titanium
nitratet(fanitm2ehelbdef bompotihtiaDy aci defims 0Z9t2%pnium| Q672D tQur
Ref . 2009502034 - 51 - [Table 5] No. V conpound (E) ElI vanadyl oxal ate
(V:32. 99, E2 vanadyl acetyl acetonate (V:19.2% E3 vanadyl sulfate

(V:31.29% E4 ammoni um net avanadate (V:43.5%
a mass ratio (V/Ti) of a content of the tetravalent

vanadyl compound (E) in terms of vanadium to the content of
5 the organic titanium chelate compound (D) in terms of
titanium is 0.3 to 0.5,
the surface-treatment agent has a pH of 4 to 5,
in the formulae, (a) represenits the solid content of
the resin compound (A), (b) represents the solid content of
10 the cationic urethane (B), (c¢) represents the solid content
of the silane coupling agent (C), Ti represents the content
of the organic titanium chelate compound (D) in terms of
titanium, and V represents the content of the tetravalent
vanadyl compound (E} in terms of vanadium,

15 [Chemical formula 1]



[ 007 3] [Table 6] No. Wax (W Melting point (t) Solid content of
di spersion(% Particle size( g m W pol yet hyl ene oxi de wax 115 20
0.1 W2 mcrocrystalline wax 90 20 0.1 WB paraffin wax 50 20 0.1

. >KThese waxes were made to be enmulsified with an enul sifying agent
and used. [ 0 0 7 4] [Table 7] No. Coated steel sheet Coating wei ght
(g/n2) G hot dip galvanized steel sheet 60 EG el ectrogal vani zed
steel sheet 20 GA gal vanneal ed steel sheet 60 CF hot dip
Zn-5mass%Al - 0. 5mass%Wy al | oy-coated steel sheet 90 G ho i

Zn-5. 5mass%Al al | oy-coated steel sheet 100 XAl t hotgh %%%hgéﬁ??g%g§4
were coated, a coating weight rel ati ve’ to a single surface is

described in the table. | 75] - 52 - It Ztzr .E7
ITM NTCD'Q' | 01 dJ
Y
>
///

| o= |
——CHa

Y 7

Y
e .

where ¥Y; and Y, bonded to benzene rings each independently
represent hydrogen or a 7 group represented by a general
formula (II) or (III) below; an average substitution number

5 of the Z group per benzene ring is 0.2 to 1.0; n represents
an lnteger of 2 to 50, and

[Chemical formula 2]

—CH,-N (11)

[Chemical formula 3]
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L o
mCHg”NT::R,; A—— (III)
By
in the formulae (II} and (III), Ri, Rg, Rz, Ry, and Rs each
independentiy represent
a hydrogen atom, an alkyl group having 1 to 10 carbon atoms,

5 or a hydroxyalkyl group having 1 to 10 carbon atoms; and A~

represents a hydroxide ion or an acid ion.

[0018]
{2) The surface-treatment agent accorxding to (1) above

10 further includes (W) a wax,

wherein a mass ratio [(w)/{(a) + (b)}] of a solid

content of the wax (W) to a total of the solid contents of
the resin compound (A) and the cationic urethane (B) is 0.2
to 0.4, and

15 in the formula, (w) represents the solid content of the
wax (W), (a) represents the solid content of the resin
compound (A}, and (b) represents the solid content of the
caticnic urethane (B).
[0019]

20 (3) A method for producing a coated steel sheet includes
applying the surface-treatment agent according to (1) or (2)

above to a coated steel sheet, and drying the surface-
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treatment agent at a sheet temperature of 50°C to 180°C to
form a surface-treatment f£ilm having a ceocating weight of 0.2
to 1.8 g/m® on a surface of the steel sheet.

[(0020]

(4) A coated steel sheet produced by the method for
producing a coated steel sheet according to (3) above.
[Advantageous Effects of Invention]

[0021]

According to the present invention, a film can be
formed that has corrosion resistance equivalent to that of
chromate films and is excellent in terms of corrosion
resistance in processed portions formed during production
process, solvent resistance, and paintability after alkaline
degreasing. Thus, chromium-free coated steel sheets that
are more useful than existing products can be provided. In
addition, a chromium-free surface-treatment agent for coated
steel sheets according to the present invention is also
excellent in terms of storage stability and hence is very
advantageous in industrial usage.

[Description of Embodiments]
[0022]

Hereinafter, details of the present invention and
reasons for the limitations in the present invention will be
described. Steel sheets serving as bases of surface-treated

steel sheets according to the present invention are coated
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steel sheets that are produéed from cold-rolled sheet steels
and used for household electrical appliances, building
materials, and automobile parts. To provide advantages of a
surface-treatment agent according te the present invention

5 markedly, galvanized steel sheets are preferably used.
Examples of galvanized steel sheets include
electrogalvanized steel sheets, hot dip galvanized steel
sheets, zinc-aluminum alloy-coated steel sheets, zinc-iron
alloy—-coated steel sheets, zinc-magnesium coated steel

10 sheets, and zinc-aluminum-magnesium alloy-coated steel
sheets. The present invention is also applicable to
aluminum materials such as aluminum-~coated steel sheets,
aluminum-8i alloy-coated steel sheets, and aluminum sheets;
however, most preferably, the present invention is applied

15 to galvanized steel sheets.
[0023]

Such galvanized steel sheets may be provided, for the
purpose of enhancing blackening resistance of galvanized
steel sheets, by adding a small amount of Ni or Co to

20 coating or by precipitating Ni, Co, and Fe on surfaces of
the galvanized steel sheets using an acid or alkali aqueous
solution containing these metals.
f0024]

Hereinafter, a surface-treatment agent according to the

25 present invention will be described.
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[0025]

A surface-treatment agent according to the present
invention includes (A) a resin compound represented by a
general formula (I) below; (B) a cationic urethane; (C) at
least one silane coupling agent having at least one reactive
functional group selected from an active-hydrogen—-containing
amino group, an epoxy group, a mercapto group, and a
methacryloxy group; (D) an organic titanium chelate

compound; (E) a tetravalent vanadyl compound; and (F) water,

.wherein, a mass ratio [(BY/{{a) + (b) + (c)}] of the solid

content of the cationic urethane (B) to the total of the
solid contents of the resin compound (A), the cationic
urethane (B), and the silane coupling agent (C) is 0.1 to
0.3; a mass ratio [{(c)/{(a) + (b) + (¢}}]) of the solid
content of the silane coupling agent (C) to the total of the
solid contents of the resin compound (A), the cationic
urethane (B), and the silane coupling agent (C) is 0.6 to
0.85; a mass ratio {(c)/Ti} of the solid content of the
silane coupling agent (C) to the content of the organic
titanium chelate compound (D) in terms of titanium is 50 to
70; a mass ratio (V/Ti) of the content of the tetravalent
vanadyl compound (E) in terms of vanadium‘to the content of
the organic titanium chelate compound (D) in terms of
titanium is 0.3 to 0.5; and the surface-treatment agent has

a pi of 4 to 5.
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53 - resin compound (A}, (b) represents the solid content of the
cationic urethane (B}, (c) represents the solid content of
the silane coupling agent (C), Ti represents the content of
5 the organic titanium chelate compound (D) in terms of
titanium, and V represents the content of the tetravalent
vanadyl compound (E) in terms of vahadium. Hereafter, the
same definitions are used.
[0026]
10 In a surface-treatment agent according to the present
invention, the resin compound (A) is represented by the
following general formula (I).

[0027]

{Chemical formula 4]



OO0t > ca 0 -0cl aE .. 4. d- dIml d- It d- It It It IIl 117 -ct
di- 1t1 d- It- 1, [tF It it adAl phosphoric acid phosphoric
aci d phosphoric acid phosphoric acid | phosphoric acid phosphoric
acid 1 phosphoric acid phosphoric acid phosphoric acid phosphoric
aci d phosphoric acid phosphoric acid phosphoric acid phosphoric acid
phosphoric acid phosphoric acid phosphoric acid phosphoric acid
phosphoric acid phosphoric acid phosphoric acid phosphoric acid
phosphoric acid 1 Phosphoric acid phosphoric acid.i phgsphgrj |
(A) ca0 n.Er-7)- ez) cz) 1.19 1.19 ohP"RER"IbbGs82b

OH
S
l L
Hi;C—C~-CH; | (1)
(g
U ”_“(jfig '
/T/ |
Yy
OH

n

M e

In the formula, Y: and Y, bonded to benzene rings each
independently represent hydrogen or a Z group represented by
the general formula (II) or (ITI) below; an average
5 substitution number of the Z group per benzene ring is 0.2
to 1.0; and n represents an integer of 2 to 50.
[0028]
Herein, the average substitution number of the Z group
is a value obtained by dividing the total number of the Z
10 groups introduced by the total number of the benzene rings
(that is, 2n). In the present invention, when the Z groups
are selected for ¥; and Yz, the resin compound (A) has
cationic functional groups of a secondary amino group, a

tertiary amino group and a guaternary ammonium salt group.
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Accordingly, the resin compound (A) can dissolve with more
stability in a surface-treatment agent that is acidic (pH 4
to 5) according to the present invention. In the present
invention, average degree of polymerization n is defined as
5 2 to 50. When n is less than 2, the effect of imparting
corrosion resistance is insufficient. When n is more than
50, degradation of water solubility, an increase in
viscosity, or the like occurs and stability in the treatment

agent is degraded, which results in insufficient storage

10 stability.
[0029]

[Chemical formula 5]

—CHp-NT_ (1T)

[0030]

15 {Chemical formula 6]

Ry
/
WCHEfN—\—-R4 A (111)
Rl

In the formulae {II) and (III), Ri, Rz, Rs, Rs, and Rs each
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independently represent

a hydrogen atom, an alkyl group having 1 to 10 carbon atoms,
or a hydroxyalkyl group having 1 to 10 carbon atoms. When
the number of the carbon atoms of the alkyl group or the
hydroxyalkyl group is more than 10, the resin compound (A)
cannot be sufficiently disscolved in water, becomes unstable
in the treatment agent, and cannot be used. Specific
examples of R, Rz, R3, Rq, and Rs include methyl, ethyl,
propyl, butyl, hydroxyethyl, 2-hydroxypropyl, and
hydroxyisobutyl.

[00311]

A" represents a hydroxide ion or an acid ion. Specific
examples of the acid ion include an acetate ion, a phosphate
ion, and formate ion.

[0032]

The resin compound (A) represented by the general
formula (I) is a bisphenol-formalin condensate and a
synthetic method thereof is not limited. For example, the
resin compound (A) can be obtained by allowing formalin and
amine to react with bisphenol A in the presence of an
alkaline catalyst.

[0033]

The cationic urethane (B} in a surface-treatment

composition according to the present invention is not

particularly limited in terms of a polyol component and an
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isocyanate component that are monomer components forming the
cationic urethane (B} and polymerization method as long as
the cationic urethane (B) hasrat least one cationic
functional group selected from primary to tertiary amino
groups and a gquaternary ammoniuﬁ salt group. Examples of
the cationic functional group include an aminoc group, a
methylamino group, an ethylamino group, a dimethylamino
group, a diethylamino group, a trimethylamino groué, and a
triethylamino group. However, the cationic functional
groups are not limited as long as they are primary to
tertiary amino groups and a guaternary ammonium salt group
and they do not degrade performance of the present invention.
[0034]

The silane coupling agent (C) in a surface-treatment
agent according to the present invention has at least one
reactive functional group selected from an active-hydrogen-
containing amino group, an epoxy group, a mercapto group,
and a methacryloxy group. The silane coupling agent (C) is
preferably a trialkoxysilane having three alkoxy. Such at
least one silane coupling agent may be used without
particular limitations. Spécific examples of the silane
coupling agent include N- (aminocethyl) 3-
aminopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
3—glycidoxypropyltrimethoxysilane, 3-

glycidoxypropylmethyldimethoxysilane, 2-
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. (3, 4epoxycyclohexyl)ethyltriethoxysilane, and 3-
mercaptopropyltrimethoxzysilane.
[0035]
Examples of the organic titanium chelate compound (D)

5 in a surface-treatment agent according to the present
invention include acetylacetonato titanium, titanium
octylene glycolate, tetraacetylacetonato titanium, and
titanium ethyl acetoacetate. Inorganic salts such as
titanium nitrate, titanium éulfate, titanium acetéte,

10 titanium phosphate, and titanium carbonate cannot dissolve
with stability in a treatment agent according to the present
invention or do not provide the effect of enhancing
corrosion resistance, which is not preferable.

Fluorotitanic acid provides the effect. When fluorotitanic

15 acid is used, fluorotitanic acid is preferably added such
that the fluorine content relative to the total of the solid
contents of the resin compound (A), the cationic urethane
(B), and the silane coupling agent (C) is 0:8 mass% or less.
When the fluorine content is more than 0.8 mass%®, corrosion

20 resistance in processed portions is degraded. When the
organic titanium chelate compound is dissolved in water,
titanium dissolves in the form of a chelate complex.
Accordingly, high-polarity water—-soluble solvents and
peroxides that affect the complex are not prefe;ably added

25 to a treatment agent according to the present invention.
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The tetravalent vanadyl compound (E) used in a surface-
treatment agent according to the present invention is also
not particularly limited. Specific examples of the

5 tetravalent wvanadyl compound (E) include vanadyl sulfate,
vanadyl dichloride, wvanadyl phosphate, vanadyl oxalate, and
vaﬁadyl acetylacetonate. Pentavalent vanadium compounds
have high waﬁer solubility and hence have a high probability
of being released from films and do not sufficiently provide

10 the effect of enhancing corrosion resistance. The
tetravalent vanadium compound used in a surface-—-treatment
agent according to the present invention is most preferably
a vanadyl compound that provides VO?* (vanadyl) ions because
the maximum effect of enhancing corrosion resistance is

15 provided.
[0037]

In a surface-treatment agent according to the present
invention, a mass ratio [{(b)/{{a) + (b) + (c)}] of the solid
content of the cationic urethane (B) to the total of the

20 solid contents of the resin compound (A}, the cationic
urethane (B), and the silane coupling agent (C) is
preferably 0.1 to 0.3, ﬁore preferably 0.12 to 0.28. When
the ratic is less than 0.1, the proportion of the urethane
resin is too low and corrosion resistance in bent portions,

25 heat resistance, and storage stability of the surface-



I I nvention exanple 18 Il nvention exanple 29 Invention exanple 30

| I nvention exanple 28 Invention exanple 31 83163 | OEI "I E |
ECC | "I 9 LG "I 04 Li7 1 "I "I "I'I 94194 Lt'1"l 617 1
"I L9 39 E2 49 - 54 - w O a as aE vt ct ,ct rt' It

.t -d- Rl M7 1t" ,zs- ,ct It" Iv it It" | It adAL

phosphoric acid phosphoric acid phosphoric acid phosphoric acid
phosphoric acid

10

L5

20

25

Ouxr Ref.2008302034
_27_

treatment agent become poor. When the ratio is more than
0.3, solvent resistance becomes poor.
[0038]

In a surface-treatment agent according to the present
invention, a mass ratio [(c}/{(a) + (b} + (c)}] of the solid
content of the silane coupling agent (C) to the total of the
solid contents of the resin compound (&), the cationic
urethane (B), and the silane coupling agent (C) is
preferably 0.6 to 0.85, more preferably 0.65 to 0.80. When
the ratio is less than 0.6, solvent resistance becomes poor.
When the ratio is more than 0.85, corrosion resistance in
processed portions and storage stability of the surface-
treatment agent become poor.

[0039] |

In a surface-treatment agent according to the present
invention, a mass ratio {(c)/Ti} of the solid content of the
silane coupling agent (C) to the content of the organic
titanium chelate compound (D) in terms of titanium is 50 to
70, preferably 55 to 65. When the ratio is less than 50,
corrosion resistance in processed portions and storage
stability become poor. When the ratio is more than 70, the
probability of being released from a film increases and
paintability after alkaline degreasing becomes poor.

[0040]

Note that, in the calculation cf the mass ratics in the
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present invention, the mass of the silane coupling agent (C)
is defined-as the mass of silanol (R-Si(-0OH)3;) provided by
hydrolysis of alkoxysilane (R-Si{-ORi}3). This is because,
when the silane coupling agent is dissolved in water, the
most portion thereof is hydrolyzed and alcohol generated by
the hydrolysis evaporates in the formation of a f£ilm by
applying and drying a treatment agent according to the
present invention and does not function as an active
component.

[0041]

In a surface-treatment agent according to‘the present
invention, a mass ratic (V/Ti) of the content of the
tetravalent vanadyl compound (E) in terms of vanadium to the
content of the organic titanium chelate compound (D) in
terms of titanium is 0.3 to 0.5, preferably 0.35 to 0.48.
When the ratio is less than 0.3, corrosion resistance
becomes poor. When the ratio is more than 0.5, paintability
after alkaline degreasing becomes poor.

[0042]

A surface-treatment agent according to the present
invention has a pH of 4 to 5. When the pH is less than 4, a
large amount of zinc is released from galvanized steel
sheets that are surface-treated and corrosion resistance
becomes poor. When the pH is more than 5, the surface-

treatment agent does not have stability. An acid component
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used for adjusting the pH to be in the range of 4 to 5 is
preferably phosphoric acid, acetic acid, formic acid,
hydrofluoric acid, a fluoride, or the like. Strong acids
such as sulfuric acid and nitric acid are not preferred.

5 When sulfuric acid or nitric acid is used, pH shock (local
rapid change in pHE} in the pH édjustment tends to cause
gelation of cationic phenol and cationic urethane in the
surface-treatment égent; in addition, salts generated in the
gelation have a high probability of being released and

10 corrosion resistance becomes poor. Acetic acid and formic
acid, which are weak acids, are suitable for the pH
adjustment. In addition, these acids have a high
probability of evaporation and evaporate in the drying of an
agent according to the present invention and the amounts of

15 +the acids remaining in the film become small. Accordingly,
even when excessive amounts of the acids are added,
degradation of performance is less likely to be caused,
which is preferable. When phosphoric acid is used, the
content of phosphoric acid relative to the total of the

20 solid contents of the resin compound (&), the cationic
urethane (B), and the silane coupling agent (C) is
preferably 8 mass% or less, more preferably 6 mass% or less.
The lower limit is not particularly set; however, to enhance
corrosion resistance, the phosphoric-acid content is

25 preferably 0.1 mass% or more, particularly preferably 0.5
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mass% or more. Although phosphoric acid enhances corrosion
resistance, a phosphoric-acid content of more than 8 mass%
may cause degradation of storage stability. When

hydrofluoric acid or a fluoride is used, hydrofluoric acid

5 or a fluoride is added such that the fluorine content

relative to the total of the so0lid contents of the resin
compound (A), the cationic urethane (B), and the silane
coupling agent (C) is 0.8 mass% or less. When the fluorine

content is more than 0.8 mass%, there is a high probability

10 of etching a zinc coating and corrosion resistance in

processed portions is degraded. An alkaline component used
for adjusting the pH to be in the range of 4 to 5 is
preferably agueous ammonia or an amine having a boiling

point of 100°C or less. When a strong alkali such as NaOH

15 or KOH is used, pH shock causes formation of a gel material

or storage stability is degraded.
[0043]
In the present invention, a surface-treatment agent may

contain a wax (W) for the purpose of ensuring lubricity of

20 films. The wax (W) is preferably added such that a mass

ratio [(w)/{(a) + (b)}] of the solid content of the wax (W)
to the total of the solid contents of the resin compound (A4}
and the cationic urethane (B} is 0.2 to 0.4, more preferably

0.3 to 0.4. Herein, {w) represents the solid content of the

25 wax (W). Hereafter, the same definition is used. When the
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mass ratio is 0.2 or more, lubricity is provided; and when
the mass ratio is 0.4 or less, lubricity is ensured without
economical disadvantage or degradation of corrosion
resistance, which is preferable. As the wax (W), one or
5 more waxes having a melting point of 70°C to 120°C are

preferably used. Specific examples of the wax (W} include
polyethylene wax, polyethylene oxide wax, polypropylene wax,
and microcrystalline wax. When the melting point is 70°C or
more, lubricity is provided. When the melting point is

10 120°C or less, a film does not become too hard and has
lubricity. The wax (W) is preferably used in the form of an
emulsion in which the wax (W) is stably dispersed in water
with an emulsifying agent. The wax (W) preferably has a
particle size of 0.08 to 0.3 pm. When the particle size is

15 0.08 pm or more, the lubricity effect is provided and the
amount of an emulsifying agent used does not increase and
hence alkali resistance and paintability are not degraded.
When the particle éize is 0.3 pm or less, flotation
separation of the wax (W) in the treatment agent due to low

20 specific gravity of the wax (W) does not occur and excellent
storage stably is achieved, which is preferable.
[0044]

The water (F) used in the present invention is

preferably a water that is less likely to affect the

25 components of the resin compound (A), the cationic urethane
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(B), the silane coupling agent (C), and the organic titanium
chelate compound (D); and an acid component and an alkaline
component used for pH adjustment. Hardness components such
as Mg, Ca, and Si containéd in water as impurities degrade
solubility and dispersibility of the resin compound (A) and
+he cationic urethane (B) according to the present invention
and may cause generation of aggregates of (A) and (B). In
addition, when Na, Cl, and the like contained in water as
impurities remain in films, they may degrade corrosiocn
resistance or painting adhesion. Accordingly, the water (F)
used preferably contains small amounts of impurities and,
for example, preferably has an electrical conductivity of
less than 100 uS/cm, more preferably 50 pS/cm or less, still
more preferably 10 puS/cm or less.

[0045]

A surface-treatment agent according to the present
invention may optionally contain a defoaming agent or a
wettability enhancer. The type of the defoaming agent is
not particularly limited and may be, for example, an
emulsion of silicone or a fatty acid. The wettability
enhancer is an agent that decreases the surface tension of
the surface-~treatment agent to enhance the wettability of
the surface-treatment agent to galvanized steel sheets to
thereby enhance appearance uniformity. The wettability

enhancer may be a water-soluble solvent such as ethanol, T-
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enhancer is not limited to these solvents. For example, a
wettability enhancer containing acetylene has a defoaming
effect and is preferable. A surface-treatment agent

5 according to the present invention may optionally contain a
nitrate such as nickel nitrate or ammonivm nitrate for the
purpose of enhancing blackening resistance. While nitric
acid causes pH shock as described above, nitrates do not
cause pH shock.

10 [0048]

Hereinafter, a method for producing a coated steel
sheet employing the surface-treatment agent will be
described.

A surface-treatment film is preferably formed on a

15 coated steel sheet using a surface-treatment agent according
to the present invention by applying the surface-treatment
agent to the coated steel sheet and drying the surface-
treatment agent at a sheet temperature of 50°C to 180°C to
form a surface~treatment f£ilm having a coating weight of 0.2

20 to 1.8 g/m? relative to a single surface of the steel sheet.
The coating weight is more preferably 0.3 to 1.6 g/m?, still
more preferably 0.4 to 1.4 g/m°. When the coating weight is
less than 0.2 g/m?, corrosion resistance is not sufficiently
provided. When the coating weight is more than 1.8 g/m*, the

2?5 effect in terms of ceoating weight is saturated and such a
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coating weight is economically disadvantageous and also
degrades paintability. A surface-treatment agent according
to the present invention may be applied to a coated steel

sheet with a roll coater (having a three-roll configuration,

" a two-roll configuration, or the like), a squeeze coater, a

die coater, or the like. After the coating treatment with a
squeeze coater or the like, an immersion treatment, or a
spraying treatment is performed, an air knife method or a
roll-squeezing method may be used to adjust the coating
weight and to make the appearance and thickness of thé film
be uniform.

[0047]

After a coated steel sheet is coated with a surface-
treatment agent according to the present invention, the
surface~treatment agent is preferably dried under heating
without being rinsed. The drying may be performed with a
dryer, an air-heating furnace, a high-freguency induction
furnace, an infrared furnace, or the like. The drying is
performed at a coated-steel-sheet tempefature of 50°C to
180°C. When the sheet temperature is less than 50°C, a
large amount of water remains in the film and corrosion
resistance becomes insufficient. When the sheet temperature
is more than 180°C, which is not economical, the film
becomes hard and brittle and corrosion resistance in

processed porticns becomes poor.
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[0048]

A coated steel sheet according to the present invention
that is produced by the above-described method and has a
surface-treatment film may be further coated with a resin

5 film so as to have higher corrosion resistance.
[0049]

A surface-treatment film formed with a surface-
treatment agent according to the present invention may be
formed on a single surface or both surfaces of a coated

10 steel sheet.
[0050]

Hereinafter, effects of the present invention will be
described. The components of a surface-treatment agent
according to the present invention probably have the

15 following effects; however, the description of these effects
does not limit the present invention at all.

A surface-treatment agent according to the present
invention mainly contains therresin compound (A), the
cationic urethane (B), and the silane coupling agent (C).

20 These main components form the skeleton of a film.
{00511}

By adjusting the pH of a surface-treatment agent such
that the surface-treatment agent becomes weakly acidic, the
surface-treatment agent containing the resin compound ({A)

25 having a cationic functional group {general formula (II) or
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(III)), the stability of the surface-treatment agent is
enhanced and the storage stability of the surface-treatment
agent is ensured. In addition, by making the resin compound

(A) be cationic, the resin compound (A) does not dissolve in

0

(0]

alkali and hence a film having alkali resistance is provided.

In addition, by selecting bisphenol as the phenol skeleton
of the resin compound (A), the resin compound (A) becomes
less likely to dissolve in polar solvents (solvent
resistance is imparted) to thereby provide enhanced adhesion
and corrosion resistance.

[0052]

However, the resin compound (A) tends to turn yellow
under heating (degradation of thermal yellowing resistance)
and tends to provide a hard film. Accordingly, in the
present invention, the cationic urethane (B) is further
added to reduce hardness due to the phenolic resin to
thereby ensure corrosion resistance in processed portions.
{0053] |

Although the cationic urethane (B) has such an
advantage, it provides a film that is likely to separate
with polar solvents. Accordingly, in the present invention,
the silane coupling agent (C) is further added for the
purpose of ensuring solvent resistance (relative to polar
solvents) and yellowing resistance. The silane coupling

agent (C) produces active silancl groups (Si-OH) from end
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alkoxy groups through hydrolysis and hence contributes to
adhesion to a material (galvanized steel sheet) and an
overcoat. In addition, a portion of the silane coupling
agent (C) undergoes dehydration condensation to generate
5 siloxane bonds (8i-0-8i). The silane coupling agent (C)
turns into a polymer by the formation of continuous chains
of the siloxane bonds (formation of polysiloxane: -Si-0-Si-
0-Si-). As a result, the silane coupling agent (C) has a
structure with high stability and can impart corrosion
10 resistance, solvent resistance, and yellowing resistance to
the film.
[0054]
As described above, by using the resin compound (A},
the cationic urethane (B), and the silane coupling agent (C)
15 serving as main components with appropriate proportions,
highly balanced various characteristics can be probably
achieved. However, an agent that overcomes existing
problems and achieves the newly found objects cannot be
obtained with the main components only. To achieve the
20 objects, a surface-treatment agent according to the present
invention contains, as essential components, the main
components and the organic titanium chelate compound (D).
The organic titanium chelate compound (D) probably functions
as a catalyst promoting formation of polysiloxane in the

25 formation of a film by drying the surface-treatment agent.
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As a result, the film has considerably enhanced alkali
resistance, enhanced corrosion resistance after alkaline
degreasing, enhanced solvent resistance, and enhanced
paintability.

5 [0055]

To provide such an effect, a predetermined content of
the organic titanium chelate compound (D) is needed, the
predetermined content being determined in accordance with
the content of the silane coupling agent (C). When the

1.0 content of the organicltitanium chelate compound (D)} is low,
the desired effect is not provided; and when the contéent is
excessive, the amount of polysiloxane becomes excessively
large to provide a hard and brittle film and corrosion
resistance in processed portions becomes poor. Although the

15 formation of polysiloxane promoted by the organic titanium
chelate compound (D)} ideally proceeds in the formation of
the £ilm, the organiq titanium chelate compound (D) also
promotes the formation of polysiloxane during storage of the
surface-treatment agent. Accordingly, when the content of

20 the organic titanium chelate compound (D) is excessive,
storage stability (suppression of an increase.in viscosity
and gélation) of the surface-treatment agent becomes poor
and the surface-treatment agent after storage no longer has
the quality thereof before the storage.

25 [0056]
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A surface-treatment agent according to the present
invention contains the tetravalent wvanadyl compound (E) as
another essential component. In the present invention, the
tetravalent vanadyl compound (E) probably functions as a
5 corrosion inhibitor (for example, passivation of zinc). In
particular, vanadyl (vO?*] ions having a single oxygen
are less likely to be released under a wet environment and
remain in the film to provide the inhibitor effect.
Accordingly, the vanadyl ions probably enhance corrosiocon
10 resistance in portions of a coated steel sheet where the
coated steel sheet is subjected to strong processing such as
bending ‘and the surface-treatment film and the coated
surface in the portions undergo ductile fracture; and
corrosion resistance after alkaline degreasing. The
15 inventors éf the present invention consider that such an
effect is provided only when the film skeleton having a
cationic functional group is appropriate and the effect is
probably achieved through synergistic effect between the
film skeleton and Ti that is also present as a cation.
20 [EXAMPLES]
(0057}
Resin compounds (A) described in Table 1 (Table la and
Table 1b), urethanes (B) described in Table 2, silane
coupling agents (C) described in Table 3, titanium compounds

25 (D) described in Table 4, vanadium compounds (E) described
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in Table 5, wax (W) emulsions in Table 6 were appropriately
mixed to prepare surface-treatment agents. [For example, as
for a surface-treatment agent in Example 1, mixing was
performed so as to achieve a Composition in Table 8; the pH
5 of the mixture was adjusted to a value described in Table 8
with acetic acid and ammonia; and the surface-treatment
agent was prepared with deionized water so as to have a dry
solid content (drying at 110°C for 2 hours) of 10 mass%.
A1l the other surface-treatment agents were also adjusted in

10 terms of pH with acetic acid and ammonia and prepared so as
to have a dry solid content of 10 mass%. The deionized
water was an ion-exchanged water having an electrical
conductivity of 10 pS/cm.

[0058]

15 Coated steel sheets described in Table 7 were used as
base sheets to be treated. The surfaces of each coated
steel sheet were subjected to an alkaline degreasingr
treatment, rinsed, and dried. A single surface of the
coated steel sheet was coated with a surface-treatment agent

20 described in Table B with a roll coater and dried at a
temperature described in Table 8 under heating without being
rinsed. Thus, a coated steel sheet having a surface-
treatment film was produced. The coating weight of the
surface-treatment f£ilm relative to a single surface was

25 adjusted by changing the solid content (heating residue) of
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the surface-treatment agent or coating conditions (roll
separating force, rotational speed, and the like). The
coating weight was determined by gquantifying Si in the
silane coupling agent (C) added with a fluorescent X-ray

5 analysis apparatus and converting the 81 guantity. The
compositions of the surface-treatment agents and results of
tests in terms of quality (c&rrosion‘resistance in a flat
portion, corrosion resistance in a bent portion, corrosion
resistance after alkaline degreasing, thermal discoloration

10 resistance, paintability, paintability after alkaline
degreasing, solvent resistance, storage stability, and
lubricity) are described in Table 8. The gualities were
evaluated under the following conditions.
[0059]

15 (1) Corrosion resistance

The samples were subjected to salt spray testing (JIS-

7-2371-2000) and were evaluated in terms of area percentage
of white rust after a lapse of 120 hours. The following
evaluation criteria were used.

20 Excellent: white-rust area percentage of 0%
Very Good: white-rust area percentage of less than 5%
Good: white-rust area percentage of 5% or more and less than
10%
Fair: white-rust area percentage of 10% or more and less

25 than 20%
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Poor: white-rust area percentage of 20% or more and less
than 40%
Very poor: white-rust area percentage of 40% or more
[0060]
(2) Corrosion resistance in bent portion

Each sample was bent at 180° by being sandwiched
between rods (formed of stainless steel) having a diameter
of 2 mm and was squeezed with a vise. The bent sample was
subjected to salt spray testing (JIS-Z-2371-2000) and was
evaluated in terms of generation of white rust in.the outer
(front) surface of the bent portion after a lapse of 72
hours. The following evaluation criteria were used.
Excellent: no rust in the bent portion
Very Good: rust area percentage of less than 5% in the bent
portion
Good: rust area percentage of 5% or more and less than 10%
in the bent portion
Fair: rust area percentage of 10% or more and less than 40%
in tﬂe bent portion
Poor: rust area percentage of 40% or more and less than BO%
in the bent poxrtion
Very poor: rust area percentage of 80% or more in the bent
portion
[0061]

(3) Corrosion resistance after alkaline degreasing
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An alkaline degreasing agent CL-N364S (manufactured by
Nihon Parkerizing Co., LTD.) was dissolved at a
concentration of 20 g/l in pure water and heated to 60°C.
Each sample was immersed in this alkaline solution for 2
minutes, taken out from the solution, rinsed, and dried.
The sample was subjected to salt spray testing (JIS-Z-2371-
2000) and was evaluated in terms of area percentage of white
rust after a lapse of 72 hours. The evaluation criteria
described in (1) above were used.

[0062]
{(4) Thermal discoloration resistance

Each sample was heated with an infrared image furnace
for 30 seconds so that a sheet temperature may reach 500°C,
held for 30 seconds, and allowed to naturally coocl to room
temperature. The appearance of a surface of the sample was
visually inspected. The following evaluation criteria were
used.

Excellent: no discoloration
Good: very slightly brown
Fair: discoloration to pale brown
Poor: discoloration to brown
[0063]
(5) Paintability
Each sample was painted with a DELICON (registered

trademark) #700 (manufactured by Dai Nippon Toryo Company,
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Limited), which is a melamine alkyd baint, baked at 130°C
for 30 minutes to form a painted film having a thickness of
30 pm, immersed in boiling water for 2 hours, and
immediately cut in a lattice pattern (10 x 10 squares,

5 pitch: 1 mm) to such a depth as to reach the base steel.
The sample was subjected to cupping by 5 mm with an Erichsen
tester such that the cut portion was on the outer (front)
side. An adhesive tape was affixed to the sample and
removed from the sample and delamination area percentage of

10 the painted film was determined. The evaluation criteria
below were used. The Erichsen cupping conditions were
compliance with JIS-2Z-2247-2006 and the punch diameter was
20 mm, the die diameter was 27 mm, and the drawing width was
27 mm.

15 Excellent: no delamination
Very Good: delamination area of less than 3%

Good: delamination area of 3% or more and less than 10%
Fair: delamination area of 10% or more and less than 20%
Poor: delamination area of 20% or more and less than 50%

20 Very poor: delamination area of 50% or more

[0064]
{6) Paintability after alkaline degreasing

Each Sample was subjected to alkaline degreasing as in
(3) above and subjected to the paintability test as in (5)

25 above. The same evaluation criteria as in (5) were used.
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[0065]

(7) Solvent resistance

A gauze impregnated with methanol was pressed under a
load of 4.9%0 N (500 gf) onto a su:face‘of each sample and
5 rubbed against the surface in a reciprocating manner for ten
cycles under the load. Tracks caused by the rubbing were
evaluated by visual inspection. The following evaluation
criteria were used.
Excellent: no tracks
10 Very Good: no tracks visible when viewed from above, but
tracks slightly visible when viewed obliquely
Good: no tracks visible when viewed from above, but tracks
clearly visible when viewed obliquely
Fair: tracks slightly visible when viewed from above
15 Poor: tracks clearly visible when viewed from abové
Very poor: delamination of the film
[0066]
(8) Storage stability
The surface—-treatment agents described in Table 8 were
20 stored in a constant temperature chamber at 40°C for 30 days.

The surface-treatment agents were taken out and the

appearance therecof was visually inspected and evaluated.

The evaluation criteria below were used. Furthermore,

coated steel sheets having surface-treatment films produced

25 with the surface-treatment agents stored under such



771-6-Hoak guilsoo zw/ 2 , 01 01 0101, 0.101 0.1. (El 021 SO1

CE. C 01 " 010.4CL Drying tenperature . 001 001 . 001 o001 I
CCL-001 001 0011 001 001 .t 001 o001 . 0OO4 001 . . 001 o001
Our Ref.2009502034
—_ 46 -
conditions we:é subjected to the tests (1) to (3) described
above.
Excellent: no change
Good: very small amount of precipitation
5 Fair: small amount of precipitation or an increase in

viscosity to some extent
Poor: large amount of precipitation or gelation
[0067]
(9) Lubricity

10 A disc-shaped specimen having a diameter of 100 mm was
cut from each sample and formed into a cup under conditions:
a punch diameter of 50 mm, a die diameter of 51.91 mm, and a
blank holding force of 1 ton. The appearance of the drawn
surface of the formed product (outer side surface of the

15 cup) was visually inspected and was evaluated in Terms of
how scratched it was and how blackened it was. The
following evaluation criteria were used.
Excellent: almost no change over the entire surface, uniform
appearance

20 Very Good: very slightly blackened, but uniform appearance
Good: slightly scratched and blackened and clearly
nonuniform appearance
Fair: locally scratched and blackened and clearly nonuniform
appearance

25 Poor: severely scratched and blackened mainly in corner
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portions

Very poor: cracked and the forming was not achieved

[0068]
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[0069]
[Table 21
No. | Urethane resin (B) I Tonicity Manufacturer
B1 ADEKA BONTIGHTER HUX-670 Cation ADEKA CORPORATION
B2 SUPERFLEX 600 Cation DAI-ICHI KOGYO SEIYAKU CQO., LTD.
B3 PERMARIN UGC-20 Caticon Sanyo Chemical Industries, Ltd.
B4 ADEKA BONTIGHTER UX-2086 Nonion ADEKA CORPORATION
B5 HYDRAN AP-10 Anion DIC Corporation
{0070]
[Table 3]
No. Silane coupling agent (C)
C1 3~mercaptopropyltrimethoxysilane
c2 N—(2—aminoethyl)-3—-aminopropyltrimethoxysilane
C3 3~glycidoxypropyltrimethoxysilane
C4 3—rmethacryloxypropyltrimethoxysilane
ChH vinyltrimethoxysilang
[0071]
[Table 4]
No. Ti compound (D)
b1 acetylacetonato titanium (Ti:12.5%)
D2 tetraacetylacetonato titanium (Ti:10.8%)
D3 titanium nitrate (Ti:16.2%)
D4 fluorotitanic acid {Ti:29.2%)

[0072]



s. 11ce . Conpar ati ve exanpl e 20 Conparative exanple 21
Conpar ati ve exanpl e 22 Conparative exanple 23 Conparative exanple 24
Conpar ati ve exanple 25 Conparative exanple 26 Conparative exanple 27
| nvention exanple 32 Invention exanple 33 Invention exanple 34

I nventi on exanpl e 35 Conparative exanpl e 28 Conparative exanple 29
Conpar ati ve exanpl e 30 Conparative exanple 31 Conparative exanple 32
Conpar ati ve exanple 33 Conparative exanple 34 Conparative exanple 35
| nvention exanple 36 Invention exanple 37 Conparative ex 36
Conpar ative exanple 37 Invention exanple 38 Cbnpaﬁ%%?v%egggéi?%p%@§4
| nvention exanple 39 00 11 190 to ggH 69 CO COZ9 19 1,9 | 99 99

L9 9969 CL ILI ZL CL 17L 5L 9L LL 8L 6L 08 H - 58 - > O
--, t alrTabke s} = i
No. . V compound {E)
El vanadyl oxalate (V:32.9%)
E2 vanadyl acetylacetonate (V:19.2%)
E3 vanadyl sulfate (V:31.2%)
E4 ammonium metavanadate (V:43.5%)
[0073]
[Table 6]
No. Wax (W) Melting point {°C){ Solid content of dispersion(%) |Particle size ( 4 m)
W1 |polyethylene oxide wax 115 20 0.1
W2 microcrystalline wax a0 20 0.1
W3 paraffin wax 50 20 0.1

¥ These waxes were made to be emulsified with an emulsifying agent and used.

[0074]
[Table 7]
No. Coated steel sheet : Coating weight {g/m”)
Gl hot dip galvanized steel sheet 60
EG electrogalvanized steel sheet 20
GA galvannealed steel sheet . 60
GF hot dip Zn~5masshAl-0.5mass%Mg alloy—coated steel sheet 90
GL hot dip Zn~5.5mass%Al alloy—coated steel sheet 100

3 Although both surfaces were coated, a coating weight relative to a single surface is
described in the table.

[0075]
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[0076]

As described in Table B, all the test sheets produced
with surface-treatment agents according to the present
invention are excellent in terms of corrosion resistance

5 (flat portion, processed portion, and after alkaline
degreasing), thermal discoloration resistance, paintability
(without degreasing and after degreasing), and solvent
resistance. The surface-treatment agents according to the
present invention after storage maintains excellent quality

10 similar to that before storage.
[0077]

In contrast, in Comparative example 1 (No. 4) that does
not satisfy the requirements of the present invention, since
the content of the cationic urethane (B) was less than the

15 lower limit of the range according to the present inﬁention,

| sufficient corrosion resistance in a bent portion was not
provided at all and corrosion resistance was degraded after
storage. In Comparative example 2 (No. 8), since the
content of the cationic urethane (B) was more than the upper

20 1limit of the range according to the present invention, the
guality after alkaline degreasing was pocr and sufficient
solvent resistance was not provided. In Comparative example
3 (No. 9) and Comparative example 4 (No. 10), since organic
titanium chelate compounds (D) according to the present

25 invention were not added,
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[00781]
In Comparative example 5 (No. 11), Comparative example
5 7 (No. 13), and Comparative example 8 (No. 14) in which
tetravalent vanadyl compounds (E) were not added, sufficient
corrosion resistance in bent portions was also not achieved
and the quality after storageAwas degraded. In Comparaﬁive
example & (No. 12), since a pentavalent wvanadyl compound was
10 used, sufficient corrosion resistance in a bent portion and
sufficient corrosion resistance after alkaline degreasing
were not achieved, and paintability after alkaline
degreasing was degraded. In Comparative example S (No. 15},
although the tetravalent vanadyl compound (E) was used, the
15 composition was not appropriate and hence a bent portion and
solvent resistance were not achieved and corrosion
resistance after storage was degraded. Note that
Comparative example 7 (No. 13) was tested with reference to
Japanese Patent No. 3883831; and Comparative example 2 (No.
20 15) was tested with reference tc Japanese Unexamined Patent
Application Publication No. 2006-152436.
[0079]
In Comparative example 10 (No. 21), since the content
of the silane coupling agent (C) was less than the lower

25 limit of the range according to the present invention,
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of the range according to the present invention, sufficient

corrosion resistance in a bent portion was not provided and
5 the solution after storage did not provide corrosion
resistance. In Comparative example 12 (No. 25), since the
content of the silane coupling agent (C) relative to
titanium of thé organic titanium chelate compound (D) was
more than the upper limit of the range according to the
10 present invention, corrosion resistance and paintability
after alkaline degreasing were poor; whereas, in Comparative
example 13 (No. 28}, since the content was less than the
lower limit of the.range according to the present invention,
sufficient corrosion resistance in a bent portion was not
15 provided and the solution after storage did not provide
sufficient corrosion resistance.
[0080]
In Comparative example 14 (No. 29), since the wvanadium
content of the tetravalent wvanadyl compcound (E) relative to
20 titenium of the organic titanium chelate compound (D) was
less than the lower limit of the range according to the
present invention, sufficient corrosion resistance was not
provided; whereas, in Comparative example 15 (No. 32), since
the content was more than the upper limit of the range

25 according to the present invention, corrosion resistance and
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and 19 {(No. 43} in which pH was not.- adjusted to be in the
proper range, sufficient corrosion resistance was not

5 achieved and storage étability was poor. In Comparative
example 19 (No. 43) in which the pH was high, the agent
gelated and the test was not performed.
[0081]

As for the resin compound (A), in Comparative examples

10 20 {No. 55), 24 (No. 59), 28 (No. 67), and 32 (No. 71), the
average substitution number of the Z group was less than the
lower limit of the range according to the present invention
and hence unsolved matter was generated in the preparation
of the surface-treatment agents; and, in Comparative

15 examples 23 (No. 58}, 27 (No. 62), 31 (No. 70}, and 35 (No.
74), the number of carbon atoms of alkyl groups of the Z
group was more than the upper limit of the range according
to the present invention and hence unsolved matter was
generated in the preparation of the surface-treatment agents.

20 In Comparative examples 21 (No. 56), 25 (No. 60}, 29 (No.
68}, and 33 (Ne. 72), the average substitution number of the
7z group was more than the upper limit of the range according
to the present invention and hence the surface-treatment
agents after storage did not maintain guality similar to

25 that before storage. In Comparative examples 22 (No. 57),
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26 (No. 61}, 30 (No. 69), and 34 (No. 73), the average

degree of polymerization of the Z group was more than the

upper limit of the range according to the present invention

and hence the surface-treatment agents after storgge gelated.
5 [06082}

In Compafative example 36 (No. 77), since the urethane
resin was the nonionic resin, the urethéne resin aggregated
in the preparation of the surface-treatment agent. In
Comparative example 37 (No. 78), since the urethane resin

10 was the anionic resin, the urethane resin aggregated in the
preparation of the surface-treatment agent. In Comparative
example 38 (No. 80}, the silane coupling agent did not
satisfy the requirement of the present invention and hence
sufficient corrosion resistance was not provided.

15 [0083]

Even when a surface-treatment agent according to the
present invention is used, unless the appropriate coating
weight and drying condition are satisfied, desired
advantages are not provided. In Invention examples 1A (No.

20 44), 2A (No. 49), 1B (No. 50), and 2B (No. 53), surface-
treatment agents according to.Claims 1 and 2 of the present
invention were used and were excellent in terms of thermal
discoloration resistance and storage stability (appearance).
However, in Invention example 1A (No. 44), since the coating

25 weight of the film was less than the lower limit of the
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range according to Claim 3 of the present invention,
sufficient corrosion resistance was not provided. 1In
Invention example 22 (No. 49), since the coating weight of
the film was more than the upper 1limit of the range

5 according to Claim 3 of the present invention, paintability
was poor. In Invention example 1B (No. 50), since the
drying temperature was less than the lower limit of the
range according to Claim 3 of the present invention,
sufficient corrosion resistance was not provided. In

10 Invention example 2B (No. 53), since the drying temperature
was more than the upper limit of the range according to
Claim 3 of the present invention, corrosion resistance in a

bent portion and paintability were poor.

15 [Industrial Applicabilityi]
foos4]

According to the present invention, surface-treated
cocated steel sheets that are excellent in terms of corrosion
resistance {in particular, in bent portions), heat

20 resistance, paintability, and solvent resistance can be
provided with-a treatment agent without using a chromate
treatment. In addition, such a treatment agent that has
excellent quality even after storage in the state of a one-
component agent also provides advantages of cost reduction

25 and waste reduction.
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CLAIMS
[Claim 1]

A surface-treatment agent comprising:

(A) a resin compound {(hereafter, referred to as "resin
compound (A)"™) having a bisphenol skeleton represented'by a
general formula (I) below; (B) a cationic urethane resin
emulsion (hereafter, referred to as "cationic urethane (B)}'")
having at least one cationic functional group selected from
primary to tertiary amino groups and a guaternary ammonium
salt group;

(C} at least one silane coupling agent having at least one
reactive functional grouﬁ selected from an active-hydrogen-
containing amino group, an epoxy group, a mercapto group,
and a methacryloxy group;.(D) an organic titanium chelate
compound ;

(E) a tetravalent vanadyl compound; and

{F) water, )

" wherein, a mass ratio [(b)/{(a}) + (b) + (c)}] of =
solid content of the cationic urethane (B) tec a total of
solid contents of the resin compound (A), the cationic
urethane (B), and the silane coupling agent (C) is 0.1 to
0.3,

a mass ratio {(c)/{(a) + (b) + (c)}] of the solid

conient of the silane coupling agent (C) to the total of the

solid contents of the resin compound (A), the cationic
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0.85, :

a mass ratio {(c)/Ti} of the solid content of the
silane coupling agent (C) to a content of the organic

5 titanium chelate compound (D)} in terms of titanium is 50 to
70,

a mass ratio (V/Ti) of a content of the tetravalent
vanadyl compound (E) in texrms of vanadium to the content of
the organic titanium chelate compound (D) in terms of

10 titanium is 0.3 to 0.5,

the surface-treatment agent has a pH of 4 to 5,

in the formulae, (a) represenits the solid content of
the resin compound (A), (b) represents the solid content of
the cationic urethane (B), {c} represents the solid content

15 of the silane coupling agent (C), Ti represents the content
of the organic titanium chelate compound (D) in terms of
titanium, and V represents the content of the tetravalent

vanadyl compound (E) in terms of vanadium,

[Chemical formula 1]



6L 09 ii CQur Ref.2009S02034 - 61 - [0076] As described in
Table 8, all the test sheets produced wth surface-treatnment agents
according to the present invention are excellent in terns of
corrosion resistance 5 (flat portion, processed portion, and after

al kal i ne degreasing), thermal discoloration resistance, paintability
(w thout degreasing and after degreasing), and sol vent resistance.
The surface-treatnent agents according to the present invention after
storage mai ntains excellent quality 10 simlar to that_ bef

storage. [0077) In contrast, i Cbnparative(%%%H%?g'%5§?E92934
that does not satisfy the requirenéht§ of the present invention,
si.-nce the content of the cationic urethane (B) was |ess-than the 15
lower limt of the range(pgfording to the present invention,
sufficient corrosion resigsta in a bent portion was not provided at
all and corrosion resist degraded after storage. In
Conparative exanple 2 : , since the content of the cationic

uret hane (B) was nore tihe upper 20 limt of the range according
to the present inventi the quality after al kaline degreasing was
poor and sufficient so resi stance was not provided. In
Conparative exapple 3 ( 9) and arative exanple 4 (No. 10),
since organic t tﬁiiZﬁ]c | a onpounds (D) according to the present
25 invention wefeliagh adiled, % Ref{. 2009502034 - 6@ uf ficient
quality in terng of bent jportions and after al kaline d%éfeasing wer e
not achi eved. [P078] i anple 5 (No. 11), Conparative
exanple 5 7 (No arativel exanple 8 (No. 14) in which
tetraval ent ed, sufficient
corrosi on resisfance ilnsbe portiéns|f was al so not achi eved and the
quality after sjorage egraded. I|n Conparative exanple 6 (No.
12), since a pe1taV§{§nt vanadyl co und was 10 used,. sufficient
corrosion resisiance 4n gjgznt portion and sufficient corrosjon
resistance aftef alkalin gr easi ng re not achieved, and
paintability after al kaline degreasiTg was degraded. In Conparative
exanple 9 (No. 15), although the tetraval ent vanadyl compound (E) was
used, the S 6QNMRASH i ABo\@asa NS 1BOPF Y | AlfyAnch ieneeadpdepdnoy tion

and sol vent resistance were not achi eved and corrosi on resi stance

after st SpAS Red o Nat & ek Compaealente e ehela. 13)
was tes'tAT*'leér with reference to Japanese Patent No. 388 831%'and

Conpar atdgeenaxanily A Na1130 powyasiit esteetgy dhipefiarfies fimber
Japanese Unexam ned Patent Application Publication No. 2006-152436.
[0079] IJT Gopar &froi et zkhed Ndng2l)s (si2ne® the ;centepiresent of
the silane coupling agent (C) was less than the lower 25 limt of the
range acgoriditigeo dhe preesint dmvention, CQur Ref. 2009502034 - 63 -
sol vent resistance was poor; whereas, in Conparative exanple 11 (No.
24), si nNchdmiezcomMemtulsas inore than the upper limt of the range
according to the present invention, sufficient corrosion resistance
in a bent portion was not provided and 5 the solution after storage
did not provide corrosion re§fstance. In Conparative exanple 12 ( No.

25), since the content of $i | ane coupling agent (C) relative to
titani um of thﬁjg{gan' I tani um chel ate conpound (D) pﬁé[ﬂnre t han
t he upper T atTie¥kange according to the 10 preseRt 4Aavention,
corrosion resistance and ipbability after al kaline degreasing were

poor; whereas, in Conparativeévgxanple 13 (No. 28), since the content
was | ess than the lower limt of the range according to the present
invention, sufficient corrosion resistance in a bent portion was not
15 provided and the solution after storage did not provide sufficient
cor r osi o Rt &3 -ankeer ™y b sd) I n Conparative exanple 14 (No.



Qur Ref.2009S02034 - 66 - range according to Caim3 of the present
invention, sufficient corrosion resistance was not provided. In

I nvention exanple 2A (No. 49), since the coating weight of the film
was nore than the upper limt of the range 5 according to Caim 3 of
t he present invention, paintability was poor. In Invention exanple 1B
(No. 50), since the drying tenperature was less than the lower limt
of the range according to Claim3 of the present invention,

sufficient corrosion resistance was not provided. Ln_1 n i
exanple 2B (No. 53), since the dry[pgn}qpperature %%E %%%éyﬁﬁgﬁe?ﬂg4
upper limt of the range according to Caim3 of the present

i nvention, corrosion resistance in a bent portion and paintability
were poor. 15[Industrial AppLicability] [0084] According to the
present invention, surfaee-trYeated coated steel sheets that are

excel | ent ing;fins+3§ orrqsion resistance (in partkiﬁ;fj1 in bent
portions)Th 20~ §[§E§ g, paingability, and so resi stance
can be provided with a ment agent w thout using a chromate
treatnment. In addition, su a treatnment agent that has excell ent
gquality even after storage in the state of a one-conponent agent al so
provi des advant ages _.of cost reduction 25 and waste reductign. Qur

Ref . 2009803084 forgrlaec (AINS 2R ditidy AtsuFtacs-t Reat ABAt RadedHt]
conprisi,ng: (A), a.resin conmpound (hereafter, referred tq as "resin 5
corrpount'}n%ﬁ)p Aildg J:gpgiegaqén& &6 aﬁ?ﬂ‘r’e?@ntagdqﬁy 9 Geher al
formula, (). below ( a _cationic urethane resin l.si an _(hereafter,
ot o r o FEEe - i N TEAR RARECEr AV AP A TOHE RO ¢
func i Orialtog&%u%a%%t)%taecd fs:.om By 'A”a%gEQ &ﬁ%&' gfx B%Qﬁdgr 9ups ,and a
quater nary “anmoni um Sart group; at 1 east ofe silane coupli ng
agent haying.at ;lgast one reactive functional group selected froman
acti ve- hydrogen- "cont ai ni ng am no group, an epoxy group, a nercapto
group, 3@q Irlmgﬁhacryloxy group; (D) an organic titaniumchelate 15
conmpound; F%) a‘tetraval ent vanadyl conpound; and (F) water, wherein,

a mass ratiorhEbkhitFakettbBhtieht) dheat ac_éelch%goﬁbe@&a@fn ghe

cationic urethane (B) to a total of "20 solid confents of the resin
conpound rihert RRnAtiGML urethane (B), and the silane coupling
agent (C) is 0.1 to 0.3, a mass ratio [(c)/{(a) + (b) + (c)}]
of i1te solid@pntentxof the silane coupling agent (C) to the total of
the 25 solid contents of the resin conpound (A), the cationic CQur
Ref . 2009S02034erecf8 a weekhaneicB),(ward (Bhe+si(bange edupl isegiagent (C)
is 0.6 to 0.85, a mass ratio {(c)/Ti} of the solid content of the

si | ane catldmyg cEgerte W@x td0)a wonrt enttadf dihecher ganiiicd Soddteartiumf
chel ate conpound (D) in terns of titaniumis 50 to 70, a nmass ratio
(VI Ti) dfhea meantre ongfourite {26t reanvchltért asdnadhilc comidward: () i therdrs

of vanadiumto the.content of the organic titaniumchel ate
conpoundq M. 4n aretns of 10 titaniumis 0.3 to 0.5, the
surface-treatnent agent has a pH of 4 to 5, in the formul ae,

(a)lPepresentis the sorigleontenrerstsené sr ében sedipogrBtEAL, ofb)the
represents the solid content of the cationic urethane (B), (c)

repr esentax t 1B rsold)d xamtesRN S e 3l gl |[candeduptt ddagearine, Ti
represents the content of the organic titaniumchel ate conpound (D)
in ter mEFPMRGANAI 2 Pl eSS Hd e atleft omtand 1k ridval ent
vanadyl conpound (E) in terns of vanadium [Chem cal forrmula 1] CQur
Ref . 2009%023u-¢ Wigg-hangy{B H3C-C CHa fi) -CH2 Y2 where Y1 and
Y2 bonded to benzene rings each i ndependently represent hydrogen or a
Z groupﬁ@ﬁﬁ%% ed by a general formula (Il1) or (l111) below an

aver.age substitution nber 5 of, the Z group per .benzene ring i,s . 0.2
Co 200 n'ropr BESNCE HoH RESHEFISE 2 6500 ARG P OReRtTal PO
applying the surface-treatment agent according to Claim 1 or

2 to a coated steel sheet, and drying the surface-treatment



wherein a mass ratio [(w)/{(a) + (b)}] of a solid content of the wax
(W to a total of the solid contents of the resin conmpound (A) and
the cationic urethane (B) is 0.2 to 0.4, and 15in the fornula, w
represents the solid content of the wax (W, (a) represents the solid
- content of the resin conmpound (A), and (b) represents the solid
content of the cationic urethane (B). [Caim3] 20A nethod for
produci ng a coated steel sheet, conprising applying the
surface-treatnment agent according to Claim1l or 2 a

sheet, and drying the surface-treaLﬁEﬂf__Cur Ref.f®85é%§g3%§59§qgsb4
agent at a sheet tenperature of 50C to 180C to forma
surface-treatnent filmhaving a coating weight of 0.2 to 1.8 g/n2 on
a surfaggesf efie astbeetshemperptiaencs] SHACc 64t d§0sCetl Ehaat 2

produced by the nethod forlgroduang a coated steel sheet accordin
to d ai Argface-treatment film having a coating weight of 0.2 to 1.

g/m? on a surface of the steel sheet.
[Claim 4]
5 A coated steel sheet produced by the method forx

producing a coated steel sheet according to Claim 3.



