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1 SURFACE TREATED METAL SHEET DETAI LED DESCRI PTI ON OF
THE INVENTION Field of the Invention The present
invention relates to a surface-treated netal sheet, in
particular, to a surface-treated netal 5 sheet
excellent in corrosion resistance, abrasion resistance,
coating property (coated filhwadhesiveness),
conductivity, and al kaline degreasing resistance for

used in aut onoPYREACEIREATERME % i ances,

bui | di PRTATEE 2rPESCRIARAONt B&r SHE 1ONPENTI ORr t

Gal vani zed steel plates such as el ectropl ated

gal varfizel siethel Bhesnthoh di ppi ng gal vani zed st eel
sheet, and inorganic surface-treated steel sheets

chem crid yprdsdriteai edemt i BncheDaBEE, tphaspherheeatirdated
salt, or the like for further inprovenent in corrosion

et 51 afeeegndid iha t gheskyengss baveabeenrusedwWndehy
as the materials for use in autonobiles, electronic

haesappldancass andedribding r88t ethaks, hpraddbhi on,
a resin-coated steel sheet with an 20 organic resin

fiddn Srdmd o, A ohy oga%ﬁektgak edasuf acen0bgndsstetkss),

sheet for further inprovement in corrosion resistance,

fdddn.adhesi Menessy QfgaP{HQe?g&?%%&%%%mfégigkgﬂﬁgtgPr used

proposed. However, for exanp case 0

case ér{o?.bil f %l@#%‘?&ﬁ?@iﬁoﬂé’@pﬁffgﬁégggsbhﬁ‘ﬁing

deman eep draw ng
materials, and others,

Prior Art

Galvanized steel plates such as electroplated
galvanized steel plates, hot dipping galvanized steel sheet,
and inorganic surface-treated steel sheets chemically
treated with chromate, phosphoric acid salt, or the like
for further improvement in corrosion resistance and film
adhesiveness have been used widely as the materials for use
in automobiles, electronic home appliances, and building
materials. In addition, a resin-coated steel sheet with an
organic resin film formed on a chromate-treated surface-of
a steel sheet for further improvement in corrosion
resistance, film adhesiveness, and processability were also
proposed.

However, for example, in the case of motor case parts

for electronic home appliances that demand deep drawing for
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2 production, often encountered is a bl ackening
phenomenon that the resin filmon the sliding face
exfoliates due to the sliding friction with the nold

and turns black, thus danmaging the appearance of the
product and Ieadlng to other_5 problens in other
facilities as the separated %l ackened fil m adhered
thereto. To solve the probl ens associated with these
resin- coated steel sheets, a lubricant steel sheet in
vreduation} npEbanakhicagnaeriedoigaai blpokemimigc phenomenon
conpound and a solid 10 lubricant is forned as a resin
fthat apde arésbri £abhh sheehe shédtinghifebhef extthdriates due to
contai ns an aqueous resin were proposed (for exanple,
Japansesed Pag efit i Appbhcat.ican thai @oOdeAnNosurnd6 i &4l thus
and H5-57442). These steel sheets having an inorganic

pdyaeinpased dpbanasfcendeednenprovadti Bndd 136HANNILRA0 other
resi stance and generation of the blackened film during

deesh Deragvi Y. otlovevescil he iskegk %H@eééﬁﬁkhkbthQackened
probl ens, for exanple, that the steel eets

ofCchs| HMdtyd tieadetg_ coating defects such as cissing
during application of the solution and thus to

generaféO@bPVeS@@étﬁr@b%@ﬁsaﬁgsgglﬁﬁéﬁewﬁﬁﬁtghgg%a%%%ln—

of higher water perneability of the filmand that the

&Qﬂﬁ@é&e§@§§l°§hég€sf'EnlﬁﬁkﬁEaﬁgathQ%'§heet in which a

unsati sfactory. That is ese steel eet's are

'ﬂ@ﬁ@véﬁhtéfh§ﬁéa%§r+ﬁggg ﬁ?égﬁg?ggggg%dﬁgﬂ gﬁﬁ@'g%d a solid

resi stance, but OI‘I‘OS

reflSteece ANdeSihay255adheshYENe$Sn 3nd a lubricant steel

sheet which further contains an aqueous resin were proposed
{for example, Japanese Patent Application Laid-Open Nos.
H6-57441 and E5-57442). These steel sheets having an
inorganic polymer-based film are indeed improwved in
scratching resistance and generation of the blackened film
during deep drawing. However, the steel sheets still had
problems, for example, that the steel sheets'occasionally
lead to coating defects such as cissing during application
of the solution and thus to generation of spotty black and
white rusts because of higher water permeability of the
film and that the adhesiveness of the film after coating is
unsatisfactory. That is, these steel sheets are improved
in scratching resistance and deep-drawing resistance, but
still carried problems in corrosion resistance and film

adhesiveness.
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On the other hand, sone of electronic hone appliances
demand conductive materials for prevention of static
electrification. Wien a filmis fornmed on a gal vani zed
steel sheet, the lower the electric resistance is, the
nore 5 conductive the filmis. If the filmis a resin
film it is necessary to retluce the anount of the
adhered filmto secure the plate's conductivity,

because the resin filmis nore electrically resistant.
Howevetrn deeretiserihatde sameuot eflcadbened hesmien afddlMances
results in deterioration on 10 corrosion resistance and
placass abbhdtyt i ek imhbatiayst fer pdvsshages of &eSithc
filmdescribed above. Accordingly, inorganic

sard @cei 1€t B6h St eRheshgeESim 18- fodAbMaBhZ8dgagtR8li zed
sheets chemcally treated for exanple with chronate,

phosphoshee ALl the OTolBe thkee1BayeibeeBsusednt@r ik the more
appl i cations that demand conductivity. Urethane resins

HREThOF i+ H¢ dpess fed ehenggbi enjpace QOWeg§ﬁ?iflirJfTrsn, it is

partially as the resins for such organic resin

i d hes by et hanekesi pse WALGR-cgRt e'hg Qdﬁégehe%nm to
f I at are

nunber of” pol ar groups, carry the problemt

| 814 OT 120 ﬁféﬁ@réoé&RHuEE§G§EEPCSe%%uQEh%ﬁer?ggﬁ 'fhﬁm is

the recent hei ghtened concern about e envi ronme

45515 L0k herd S LbnLeahe nolohSREEdalk LRl o1 R
T afl 9L 518018 BBNEELClnOB AT BE on on
;agégéééﬁhL#g%é%.%ﬁg%ggsg éro£8252££T§t§9ré ?&i%g ?%Bthe
advantages of resin film described above. Accordingly,
inorganic surface-treated steel sheets, i.e., galvanized
steel sheets chemically treated for exXample with chromate,
phosphoric acid, or the like, have been used for
applications that demand conductivity.

Urethane resins superior in hardness and elongation
are now used partially as the resins for such organic resin
films, but the urethane resins, which contain a greater
number of polar groups, carry the problem that are inferior
in corrosion resistance to other resins.

In the recent heightened concern about the environment,
use of steel sheets that are not treated with chromate or
hexavalent chromium, which have been used for improvement

of corrosion resistance of galvanized steel sheets, is

gradually expanding. Thus, there exists an increasing need
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Problens to be solved by the Invention As descri bed
above, even for the resin filns formed on 5 chrom um
free metal sheets, there is a demand for corrosion

resi stance at the sane level as that for the resin
films fornmed on chromate-treated netal sheets.

However, the surface-treated*netal sheet with a
conventi onal urethane resin filmforned thereon is
still 10 not satisfactory in corrosion resistance, and

ffwt hél 1nspEQYeRent subeeqatd N6 RORGSEYn( 2dRESIHWeRESS
wth coated film, conductivity, abrasion resistance,

and al kal i ne degreasing resistance i s demanded. An
obj ect of the present invention, which was made 15

under phgpabRxetrsi HeUABY JBECSy kit @ pfuLiher | mprove

corrosion resistance, coating property al kal i ne

degr eagi NgeskeShakan SveabE@%hogo ekt 2 % ePS§qqms formed on

conductivity of surface-treated netal

fl|n1%i&ﬁlg¥egfm 5§|S ég%gtsﬁglk%ansng&%Egﬁg? r%§rr0510n

ornmed on t sur ace r so

Bﬁg?igggnggeaéuEﬂgcgahreaégg%ng%?%ga@e%éraﬁgg{gEEQnt%ilms

esent nvent I on

f d h
At afa g BeotHEr SERebhE tﬁs& esﬁeiéué“ohs ?‘eé.eﬁ' |
I t
ZSUSL'US T8y o7 DU SGR AP AP %dSa%%a#eﬁﬁEE%' e 4

| uti on. and. an ueous et hyl unsat ur.at ed
§§5ﬁ%eﬁklghal ureghane re51x lfm %ormed thereon is still

not satisfactory in corrosion resistance, and further
improvement in coating property (adhesiveness with coated
film), conductivity, abrasion resistance, and alkaline
degreasing resistance is demanded.

An object of the present invention, which was made
under the above circumstances, is to further improve
corrosion resistance, coating property, alkaline degreasing
resistance, abrasion resistance, and conductivity of
surface-treated metal sheets, more specifically of metal

sheets with a polyurethane resin film formed on the surface.

Means for solvihg the Problems

The surface-treated metal sheet according to the
-present invention, which solved the problems above, is the
surface-treated metal sheet with a resin film coated

thereon obtained from an aqueous resin solution:
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car boxylic acid copol ynmer dispersion in an anount of 5
to 5 45 parts by nass as nonvol atile resin conponents,
silica particles having an average particle size of 4
to 20 nmin an anount of 55 to 95 parts by nmass, a
total amount of the resin solutions and the silica
particles being 100 parts by’ mass; and 10 a sil ane
coupling agent in an anmobunt of 5 to 25 parts by nass
with respect to the total anmount of the resin
sol ut i o amethe s¢sicaspantichescohpt®8ipgrts by
mass; the conpounding ratio of the nonvolatile resin
conporemtaquedhe caueoxigl potyupethabneinésgnpsbl/urethane
(PU 15 to the nonvolatile resin conponent in the
agiseiquss @iyl @neandsah us@qhedusaebnyybhe-ansdtaepekyner
di spersion (EC) being 9:1 to 2:1. The carbcxyl

Harthio:opi @i it 1Y EodyLyRé hanespessNohsinpasf ghalhy 8f 5 to
resin prepared in the chain-extending reaction 20 of a

WeRthanes Behed y9eds Wdhval P18 exteAdebmpbnents, silica
pol yi socyanat e conponent constituting the urethane

ol yres hdel pdlesn alvd eagt }IQQEtEQHIE%BQeSSke@t ed bOORM in
the group consisting of tolylene diisocyanate,

drphansietdanes i i §9cﬁv@9@£ epy ahdsdi cycl ohexyl met hane
di i socyanate, and 25 pol yol conponents constituting the

ur et hape. prepol yi®t & ¢ i gk Udesi At sL€@8kons and the silica
1, 4- cycl ohexanedi net hanol , a pol yet her pofyo?, and a

|ggﬁﬂﬁcfg§ngg{9@gl@bq@g$g§y$%?%§#g; %Hg chai n extender

i's favorably, for exanpl e, enedi am ne or

hydra%irgiléﬁénEﬁhﬁfgﬁé)éﬁe&t4in an amount of 5 to 25 parts

by mass with respect to the total amount of the resin
solutions and the silica particles of 100 parts by mass:

the compounding ratio of the nonvolatile resin
component in the aqueous polyurethane resin solution (PU)
to the nonvolatile resin component in the aqueous ethylene-
unsaturated carboxylic acid copolymer dispersion (EC) being
9:1 to 2:1.

The carboxyl group—containing polyurethane resin is
preferably a resin prepared in the chain-extending reaction
of a urethane prepolymer with a chain extender.

A polyisocyanate component constituting the urethane
prepolymer includes at least one compound selected from the
group consisting of tolylene diisocyanate, diphenylmethane
diisocyanate, and dicyclohexylmethane diisocyanate, and

polyol components constituting the urethane prepolymer

-~
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5 cycl ohexanedi net hanol to the pol yether polyols (1, 4-
cycl ohexanedi net hanol : pol yet her polyols) is preferably
1:1 to 1:19. The polyether polyol is preferably, for
exanpl e, pol yoxypropyl ene glycol or polytetranethyl ene
ether glycol. A acid value of the carboxyl

gr oup- cont ai ni ng pol yur et han 10 resin is preferably
10 to 60 ng-KOH g. The aqueous et hyl ene-unsat ur at ed
carboxylic acid copol yner dispersion for use in the
prresleides nvent ¢ant préfeyabbhexanedinsthanol, a polyether
et hyl ene-unsat urated carboxylic acid copol yner, an

g havamg @ pol vohgemotatnofigl80€aobox$h fpwep.in an
amount equivalent to 0.2 to 0.8 nole with respect to 1
nol e dfhé hehgar bexyénd@e oups i Natvbeall hyl €oe- euampl g at ed
carboxylic acid copolyner, and a nonoval ent net al
GIPELEte d Nardin &NOH Ny @642 Viak ent At A2 05 02at 00004 1Phe
with respect to 1 nole of the carboxyl group in the 20
ed vl Eex ANS@L i Bt @it Caf HOXe | So BgEEheOPEbYPBIs Thes-
et hyl ene-unsat urated carboxylic acid copol yner is

RIvef e 18t in &d LRPEAYRET : GORL 4 FhEE 851 98§§% ug at ;t@ﬂeferably 1:1
carboxylic acid conmponent 1n an anount of 10 to 40 %

s Messs . Thene a;%gge@‘?@grwﬁyoﬁbg)ye pavipgnihe Bokl ERgmpie,

poi nt of 100C or | ower is favorably, for exanple,

tH18) WA erde dTyANOtHET BT Sf &F ﬁgﬁg%ﬁmﬁé n@ﬂﬁ?g[ qjycol.

the "present 1 nvention, the aqueous e ehe-unsatu

@@Q99ﬁ¥|&§%@@i9f 9@@0é§$§§§ iZ%féﬁﬁggoﬁegiﬁkﬂéo?o%%?gethane

additionally a crosslin ent” having two

Lol SR LEES b Y Ul seSyrgr Do oroum I
The aqueocus ethylene-unsaturated carboxylic acid
copolymer dispersion for use in the present invention
preferably contains an ethylene-unsaturated carboxylic acid
copolymer, an amine having a boiling point of 100°C or
lower in an amount eguivalent to 0.2 to 0.8 mole with
respect to 1 mole of the carboxyl group in the ethylene-
unsaturated carboxylic acid copeolymer, and a monovalent
metal compound in an amount equivalent to 0.02 to 0.4 mole
with respect to 1 mole of the carboxyl group in the
ethylene-unsaturated carboxylic acid copolymer. The
ethylene-unsaturated carboxylic acid copolymer is
preferably a copolymer containing an unsaturated carboxylic
acid component in an amount of 10 to 40 % by mass. The

amine described above having the boiling point of 100°C or

lower is favorably, for example, triethylamine.
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respect to 100 parts by mass of the nonvolatile resin
conponents (EC) in the agueous ethyl ene-unsat urat ed
carboxylic acid copolyner dispersion. In addition, the
aqueous et hyl ene-unsaturated carboxylic acid copol yner
10 di spersion preferably does not contain an am ne
having a boiling point of oVer 100C or ammoni a
substantially. The silane-coupling agent for use in
the present invention is favorably, for exanple, a

si | aneIroapbthgr pgeferappeesppbadmbytt be tokl pwerant
Chemcal Formula (1). 15 Rl RI-X-Si-Re (I) R4 in
wihiwdn R ofi eptRseatGesud! ¥Eh g0 9hAYAruRE t8AcRBboxylic acid
represent respectively a | ower al koxy group,

reSeERd 5 dasheyeionl KexXYaPhsahbyk +9bA4R1 y@Rd Ko s linking
represents a |lower 20 al kyl ene group. An anount of t he

regdie fid i aghengdo onkgrt heustt {8681 _t;ﬂ:safaedr@shglive with a
sheet according to the present 1nvention I's preferably

QD94 0,1 G@paiﬁe£ndéﬁ5ﬁﬂa 8¢ IPEODEGSEQE E”ng&%g@ with

) t
provi des the surface-treated netal sheet”superi

U ASEON: S e5H T BREES é%lHﬁsngfskﬂgnﬁgﬁvégggﬁhggaesin

property), abrasion resistance, conducti\

e e o s P2, 212090 b BrP L BBpELAHaRhrat et

SRYEPEIL 10: §OLLRSI L O8I SHEPSEoRT NOR- SHHRFBLE, the

aqueous ethylene-unsaturated carboxylic acid copolymer

dispersion preferably does not contain an amine having a

boiling point of over 100°C or ammonia substantially.
The silane-coupling agent for use in the present

invention is favorably, for example, a silane-coupling

agent represented by the following Chemical Formula ({(1).

R2
R1—X—5S li —R3 (1)
RI‘1

in which R! represents a glycidoxy group, R? and R3
represent respectively a lower alkoxy group, R* represents
a lower alkoxy or alkyl group, and X represents a lower
alkylene group.

An amount of the resin film adhered onto the surface-

treated metal sheet according to the present invention is

preferably 0.05 to 1 g/m® after drying.
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finished netal sheets. Preferred Enbodi nents of the

I nvention 10 The surface-treated netal sheet according
to the present invention is a surface-treated netal
sheet with a resin filmcoated thereon obtai ned from
an aqueous resin solution; the aqueous resin solution,
conprising: 15 an aqueous caﬁboxyl gr oup- cont ai ni ng

pol yuret hane resin solution and an aqueous

et hyl ene-unsaturated carboxylic acid copol yner

di spershenpkasantammuaht@bndpt8vidaspahks shy fARSS t3®ated
nonvol atile resin conponents, silica particles having

afle BYET 898ePaktibekeosi 28 Bbrfo590R0rBRY kR adBeaN FATRUNE
of 55 to 95 parts by mass, a total anount of f he resin

sk & PRsnasd tReasihiC roBéEEy?|e§b?S% SnlgngQEgéch

mass; and a silane coupling agénf n an anount

2§b£@Eé§lvPMyFH§ﬁd“hiﬁai§ﬁ€e EgEQ Ehggt kal saapuat

the resin 25 solutions and tﬁe SI |ca particles of 1&8

E@l@ﬂl?ﬁssthg phBEe£PMPAYAMLE nrﬁg'?aggrggﬁyuﬁgpéicable

nonvol at i resin conponent 1 n the aqueous ane

f@f&ﬁ&%éﬁ@n@gﬁl %&Qr!;@fompxgg@gskse 'gogf’g Ak e-

i n the "agqueous et - unsatura carb

conpl e Réﬁ»gfrghgg (EQ) being 5 9:1 to 2 L The

present 1 nvention MA be described in detail. (1)
Resi n conponents contained i n aqueous resin solution

Preferred Embodiments of the Invention

The surface-treated metal sheet according to the
present invention is a surface-treated metal sheet with a
resin film coated thereon obtained from an aqueous resin
solution;

the aqueous resin solution, comprising:

an agueous carboxyl group-containing polyurethane
resin solution and an aqueous ethylene-unsaturated
carboxylic acid copolymer dispersion in an amount of 5 to
45 parts by mass as nonvolatile resin components, silica
particles having an average particle size of 4 to 20 nm in
an amount of 55 to 95 parts by mass,

a total amount of the resin solutions and the silica
particles being 100 parts by mass; and

a silane coupling agent in an amount of 5 to 25 parts
by mass with respect to the total amount of the resin

solutions and the silica particles of 100 parts by mass;



(1-1) The aqueous carboxyl group-containing 10

pol yur et hane resin solution for use in the present

invention will be described. The aqueous carboxyl

group- containing pol yurethane resin solution for use

in the present invention nmay be an aqueous di spersion

of the carboxyl group-contafning polyurethane resin

di spersed in 15 an aqueous nedi um or an aqueous

solution of the carboxyl group-containing polyurethane
resi n tigsobvpdundiag agtiéoust bkdi nomvbidaaddiet resitko

wat er, other hydrophilic solvent such as al cohol,

Neomegdrydpy r iml tidenegquesuacpbbpereayahe reentaisvedtibna (PU)
trace amount in the aqueous nmedium 20 The car boxyl

droume aevel agi pel yesehhasepoeshe is tpeehguably¥ @8thylene-
resin prepared in the chain-extending reaction of an

urred Sranea s pok yexk y WM £ hadighabpo exerdas spard ibhRe (EC) being
ur et hane prepol yner can be prepared, for exanple, in

thel Hearil On Phe apPOE¥hEOCNABRE €oANY121PBEYBEscribed in
conponent 25 descri bed bel ow. At |east one

pdpd isiocyanate sel ected from 10 the group consisting
of tolylene diisocyanate (TDI), diphenyl nethane

diiSOCM@”Qié%i&m&%m§8ﬁegf§yE$Q9§fﬂé5EE$:$§BFous resin

di i socyanate (hydrogenated MDI) 1s pre y used as
tde 3l yi socyanat e conponent for the urethane
prepol yner, 5 because use of such a pol yi socyanate

Bnd oty 2 1Ty TR CRRC TR TTRgL  daetPGaohpRabFaLS! anee

and reltability I controlTi . . .

B SN P BRSSO DR 0 MAReRRE
(¥ﬁ¥éﬁ%fghrﬁ%&ftggqgegggiﬂg&!abfﬁétgqhgous carboxyl group-
containing polyurethane resin solution for use in the
present invention may be an aqueous dispersion of the
carboxyl group-containing polyurethane resin dispersed in
an agueous medium or an aqueous solution of the carboxyl
group-containing polyurethane resin dissolved in an aqueous
medium. In addition to water, other hydrophilic solvent
such as alcohol, N-methylpyrrolidone, or acetone may be
contained in a trace amount in the agueous medium.

The carboxyl group-containing polyurethane resin is
preferably a resin prepared in the chain-extending reaction
of an urethane prepolymer with a chain extender, and the
urethane prepolymer can be prepared, for example, in the

reaction of a polyisocyanate and a polyol component

described below. At least ons polyisocyanate selected from
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10 controlling reaction, but a content of the

pol yi socyanate conponent above is preferably 70 % by
mass or nore in all polyisocyanate conponents. The

pol yi socyanat e conponent content of |ess than 70 % by
mass may result in deterioration in corrosion
resistance and reliability il 15 controlling reaction.
Exanpl es of the polyi socyanates other than the

pol yi socyanat e conponents above include tetranethylene

dihes apanatendiexai®y hyk engl gdi ésecyanabeyanate (TDI),
dodecanet hyl ene dii socyanate, isophorone diisocyanate,

Xy1 ien EihStataren ad 81 s GOgaYA eae (@bt $0ENaNaL 8yc8PBfek PEnethane
i ke. 20 The polyi socyanates may be used alone or in

COTEE A3k 1O OF (h f 0 QEN APES - MA | %QrﬁﬁekéPQ§19ng?d as the

pol yol s, 1, 4-cycl ohexanedi net hanol, ~the pol yet

UPlsoditht Holoipbo SO BEOL N8 GALDAXHL oOLOUPyyELS

prefierabl’y used as the poly conmponent s

;thﬁeém Lp\sréanéy & ?rigoec fé@éﬁ%%g%?aé%%ﬁbg%%géﬁ?esin film

yols 11 are diols use

SQERANGN Sﬁ.rprn:g;vx]i%géi@n £§§i£‘t{é%é“o$ﬁ'8‘e£é£’£aﬂa£‘1§ [rogion

resi stance an rication.

- [ h I .
icooﬁ}ptcnyocﬂ]tqshegrat%eadéﬂ?g#an%tﬁg gé]%l {Seé?}?%ﬁ?%%%% Ia?yab% used in

onen ncreases the fFus .
LA, O RS E0L e TN, P01 YELDET L ROLKS! B cna
WSO QRS on LI 1Bl SO o e A0S, (DB, TRLD,
CHAILES sl nel v, polYosteL ' e gl ycel 10, (Y.,
component above is preferably 70 % by mass or more in all
polyisocyanate components. The polyisocyanate component
content of less than 70 % by mass may result in
deterioration in corrosion resistance and reliability in
controlling reaction. Examples of the polyisocyanates
other than the polyisocyanate components above include
tetramethylene diisocyanate, hexamethylene diisocyanate,
dodecamethylenas diiscocyanate, isophorone diisocyanate,
xylene diisocyanate, phenylene diisocyanate, and the like.
The polyisocyanates may be used alone or in combination of
two or more.

All three kinds of polyols, 1,4-cyclohexanedimethanol,
the polyether polyol, and a polyol containing a carboxyl

group, are preferably used as the polyol components for the

urethane prepolymer, and preferably, all the three polyols
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pol yoxypropyl ene glycol (my referred to sinply as

"pol ypropyl ene glycol "), polyoxytetranethyl ene glyco
(may be referred to sinply as "pol ytetranet hyl ene
glycol"™ or "polytetramethylene ether glycol"), and the
i ke; and any 15 one of commercially avail abl e products
may be used. Among the pol Jdther polyols above,

pol yoxypropyl ene gl ycol or polytetramnethyl ene ether
glycol is preferably used. The nunber of the -

faﬁétB@B&b,gb@éﬁﬁsbnu%@eo&P%ﬁ@%h?bl@%QYQod pondMMs provides a
particularly limted when it is nore, for exanple

29e§ithBQﬁ|§G§Erlb%tﬁ%f%%QEb%ﬁ%h'r%%l%'%ﬁﬁ% H$brication.
pol yet her polyols are prepared, for exanple, e

a@gétbenlr@aeyegehe&aﬁedah%xh%%%10é'd%n%uee 35, e}&ﬁ!.ﬁ;

oxi de or propylene oxid using a conpound con

a@omﬂ@ﬁéﬁ@shXHEggggegstﬂ% &ﬂ% ?58% e?%%%&%%% Cludg

compounds 25 contai ni ng an ac ive h e

?F?%ﬁ 184gh §§1$ngEth e%?lglycol and ethylene gl ycol ;

such rlnethylolpropane
e ﬁﬁangn%sgﬁt e
Phe PRtESeSr o 85 et Taar <50l SECHBR BOI yor Fotecilar
9%13%{1"3%?@‘“2%0@%3 BbeaPnddl. CPBFSKyFER Bifeety Py lene
B%%%ﬁ%f . Saffi SREBF st Phrgarer arahudtopTREopURFemIsRe oivcol

ed | refera ly a commercjally available

p 1 "
ﬁB c¥e AUTRY BR avBPAYedfol BRAVEFRYERTRt IivePL™) .
polyoxypropylene glycol (may referred to simply as

"polypropylene glycol"), polyoxytetramethylene glycol (may
be referred to simply as "polytetramethylene glycol"” or
"polytetramethylene ether glycol"), and the like; and any
one of commercially available products may be used. Anmong
the polyether polyols above, polyoxypropylene glycol or
polytetramethylene ether glycol is preferably used. The
number of the functional groups in the polyether polycl is
not particularly limited when it is 2 or more, for example,
trifunctional, tetrafunctional, or higher.

The polyether polyocls are prepared, for example, in
the addition reaction of an alkylene oxide such as ethylene
oXide or propylene oxide by using a compound containing an
active hydrogen as an initiator. Examples of the compounds

containing an active hydrogen include diols such as
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exanpl e, of about 400 to 4,000. The pol yether pol yol
havi ng an average nol ecul ar wei ght of |ess than about
400 may provide a hard resin film while that of nore
than 15 4,000 may provi de an excessively soft film The
average nol ecul ar wei ght cqg be determ ned by

réx

measuring an OH value (hyd yl value) of the resin.
In a preferabl e enbodi nent of the present invention, a
mass rati o of 1, 4-cycl ohexanedi net hanol to the

potyey bene @Dvpol yohd(édtAyigakohexanédi metibasokuch as
pol yether polyol) is 1:1 to 1:19, because use of

- Ig¥ycyedbDhexpnreitipl bapobpahea hpabhbewlian,rando al | ows

production of a pol yurethane resin film having

rsi O 0oho Bihi €& eneytFubt BesubAPROVad gl The rpal wel
containing a carboxyl group for use in the 25 present

| pePh & PPLh 81 001 ; PA6EHEULAT | ¥ubirBEESdpEEsHARE @S aklidl3 and
contai ns one or nore carboxyl groups and two or nore

hyldlk OXyke O OtPSn  2ndi 6XaRB! gSebihgsephel DBk WG tor, a
di net hyl ol propi oni ¢ aci d, dinethyl ol butanoic acid,

f&hgy@%@ﬁ%gpi O GepRLE, pehwgr Q)SCVSHEQEIHEQS.’agbﬁenaedltriol is

. I'n addition to"the three pol yo

COIPYNE ;?riﬁpﬁélﬁiox‘?élbﬁ%g??&%% gIB%HQE Héegbic@i*nﬁﬁ.

range t does not corro resi stance o

o, 20fyScgent ool LUty |pos o gepsabRalyotor gamone,
Y21 STRET) oo TGO el el e UG8l 0p,

to detfﬁé?ﬁ@%&@@hé? §8£§8iiSQe&eﬁksﬁﬁg%Sragﬁﬁ gokx%hercially
available product having an average molecular weight, for
example, of about 400 to 4,000. The polyether polyol
having an average molecular weight of less than about 400
may provide a hard resin film, while that of more than
4,000 may provide an excessively soft film. The average
molecular weight can be determined by measuring an OH value
{(hydroxyl wvalue) of the resin.

In a preferable embodiment of the present invention, a
mass ratio of 1,4-cyclohexanedimethancl to the polyether
polyol (1,4-cyclohexanedimethanol: polyether polyol) is 1:1
to 1:19, because use of 1,4-cyclohexanedimethanol at a
particular ratico allows production of a polyurethane resin
film having rustproof efficiency further improved.

The polycl containing a carboxyl group for use in the

present invention 1is not particularly limited so long as it
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ot her than the three kinds of polyol conponents

descri bed above is not particularly limted so | ong as
it contains 15 multiple hydroxy groups, and exanpl es

t hereof include | ow nolecular weight polyols,

hi gh- nol ecul ar wei ght polyolﬁ, and the like. The

| ow- nol ecul ar wei ght ponoI1 as an average nol ecul ar
wei ght of approximately 500 or less, and exanples

t hereof include diols such as ethylene glycol, 20
dcethyliese ogkyoal motrki etamyoend. ginse@ls ahdB-thi Fedids
1, 4- butanediol, neopentyl glycol, and 1, 6-hexanedi ol ;
angdrokiydl §raueh, aandl v&ei@lest i@ qlprepane, and
hexanetri ol . The hi gh-nol ecul ar wei ght pol yol has an
ayenaghy25 1pRbpevnat Welight daincdwe ARRIRRJITRE &lot H00,
and exanples 14 thereof include condensation polyester

pal MolsosYeRoas onkel wetby! ene adinalie (FEAL ac
polygutilgﬁeogdfgate (%BA), a%ﬁgbggﬁyhe;aﬁ%}ﬁv?g%eand the

agipate (PHWR); | actone-based pol yester polyols such
as pol y-E-caprol actone (PCL); polycarbonate 5 polyols

such a§np9HM@€56HFEByEﬁ@et%ﬁ%@?@ﬁ%%% %ggpggg%hhggqagnents

pol yol s, and the like. The chain exten

tgsogggiBtﬁggggg?ggésgggggkgnu%%dtq% %%%tQ%ggﬁythat does not

pr epol yner i's not “particula

iﬂﬁaﬁp'c8F90§§8Hp%8§iEE§gﬁ§fo%”%ﬁﬂ%ﬁ %gdp0|%%%§%%%iﬁg the

:QMFHD ecul ar weil ght po I's, ~al kan amnes,
|82 THELOUOLESYLRT MRLONL Rl X! LSTB 301, D95 by macs
W§£QHSrQOEX°£113891§é?”8E%%o%2nE%? p%h%agkg%%nkn%%u%%e three
kinds of polyol components of less than 70 % by mass may
lead to deter:zoration in corrosion resistance. The polyol
other than the three kinds of polyol components described
above 1s not particularly limited so long as it contains
multiple hydroxy groups, and examples thereof include low-
molecular weight polyols, high-molecular weight polyols,
and the like. The low-molecular weight polyol has an
average molecular weight of approximately 500 or less, and
examples thereof include diols such as ethylene glycol,
diethylene glycol, triethylene glycol, 1,3-butanediol, 1,4-
butanediol, neopentyl glycol, and 1, 6-hexanediol; and
triols such as glycerol, trimethylolpropane, and
hexanetriol.

The high-molecular weight polyol has an average

molecular weight of over approximately 500, and examples
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al i phatic pol yam ne such as ethyl enedi am ne, 15

propyl enedi am ne, and hexanet hyl enedi am ne; aromatic

pol yam ne such as tol yl enedi am ne, xylyl enedi ani ne, and
di am nodi phenyl met hane; alicyclic pol yam nes such as

di am nocycl ohexyl nmet hane, pi,perazi ne, and

I sophor onedi am ne; hydraziné such as hydrazi ne,
succinic 20 di hydrazi de, adi pic di hydrazi de, and
phthalic di hydrazide; and the |ike. Anong them use of
ettt entdi ol nge andndenshydoazpoeyastthepehabnsextieRdeals
conponents is preferable. Exanples of the al kano

a0 Ingst b yicénuelea dips banobaR) nepcl ppue¢l BaROLaNhAEe 2PEA), and
the like. 25 An aqueous sol ution of the carboxyl

w@m@m@&my%é%dpgww ebhARe; r €8 AchOLLYSEY! Bol Hester
present invention can be prepared by a conventionha

B hast, s asneer 0f s ex@ ?rCQﬂroﬁﬁHkéhQYR?@L¥pegggggggﬁbnate

gr oup- cont ai ni ng uret hane " prepolyner 1 n an

'Bﬁﬂjﬁﬂiﬂ%ﬁ@%“£§1ﬁ@i@Qei@ﬁeéh?@%ggxgérgéﬁgeé;tggﬁegérylic
I e ne

Wth a base and then allow ng't prepol yner to reac

igb @y Shal nextendi pg.Leaction, by emulsifying the
car boxyl group-containi ng pol yurethane resin under

B ARG LS o 258008 Bty B LAt
e Rk e L L
S 04 ) B 55T DR L0500, L08R 100 Bl
3%@8%&%&%%%20<%§§3%HQ%&%%§%%%§%%€Iggh§gféfa£P€§Xél amines,
and the like. The low-molecular weight polyol same as
those described above may be used as the low-molecular
weight polyol, and examples of the polyamines include
aliphatic polyamine such as ethylenediamine,
propylenediamine, and hexamethylenediamine; aromatic
polyamine such as tolylenediamine, xylylenediamine, and
diaminodiphenylmethane; alicyclic polyamines such as
diaminocyclohexylmethane, piperazine, and
isophoronediamine; hydrazines such as hydrazine, succinic
dihydrazide, adipic dihydrazide, and phthalic dihydrazide;
and the like. Among them, use of ethylenediamine and/or
hydrazine as the chain extender components is preferable.
Examples of the alkanol amines include diethanolamine,

monoethanolamine, and the like.

An aqueous solution of the carboxyl group-containing
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15 the present invention is not limted to the nethod.

A relatively | ow nol ecul ar wei ght carboxyl group-
cont ai ni ng uret hane prepol yner contai ning i socyanate

groups at the termnal is first prepared by using the

pol yi socyanat e descri bed abqﬁe and the polyol described

20 above at a NCO CH rati o i'n excess of isocyanate

group. The tenperature of the reaction for preparing

the urethane prepolynmer is not particularly |imted,
malHoreiiaye 5oesbn PODCIsANYnohkeoprkrenh tavahysts can be
may be used for preparation of the urethane

(Fresrod yekrby Exaophesnof oh e B5thadal ystisfonckvdeple, by
nonoam nes such as triethylamne, and 16

Nerdvk IoB et fryd civicd obextyb @yl ngro et yant 8esisyYClir@shane
N, NN N, N - tetranethyl ethyl enedi am ne, and NN, N, N', N'-

rerdpoieinyt diet iy | enesshameeiueysli gedt 881 Desn§UEhe as
1, 8- diazabicyclo[5, 4, 0]-7-undecene (DBU), and 5

tdd dwy eneeld &3 Nhe tedE Gl eh VSt Sa S8CANAStHERUA VI bdilng the
di laurate and dibutyltin diacetate; and the |ike.

Erdiesl yinonecshoda et 19da 0Fh 21 DL 8RELYABRg MBLLOM; SRY 1?9
used in preparing the urethane prepol yner. The one-shot

reeddiogh 4151 iy Mt dogh i '
10 pol yo)ISlrg% t he sa%offﬁe(?t@m%?%@?%%i%?g%%%%ng?ﬁ%%

ire sfin NBidod m?w%;m@ POl yi spﬁy@n?te 5:.—@59?% QQH%

stepwise in multiple steps, for exanp

@ﬂﬂ%ﬁﬂﬂﬁbﬁ‘éﬂﬁvtﬂéhrE%ﬁéW&ﬂ?l@ﬁglﬁfeﬁfggﬁ%%idfépgggt in a

prepol yner and then elongating the i

RERRAY MWW end B d Neddie: PEESCNE LAVePLEon. £OL. BXBPPLE: the

t he ur et hane

method of producing an agueous polyurethane resin solution
will be described, taking the method of emulsifying the
carboxyl group-containing urethane prepolymer in water by
neutralizing the carboxyl groups thereof as an example, but
the present invention is not limited to the method.

A relatively low-molecular weight carboxyl group-
containing urethane prepolymer containing isocyanate groups
at the terminal is first prepared by using the
polyisocyanate described above and the polyol described
above at a NCO/OH ratio in excess of isocyanate group. The
temperature of the reaction for preparing the urethane
prepolymer is not particularly limited, but normally 50 to
200°C. Any onz of known catalysts may be used for
preparation of the urethane prepolymer. Examples of the

catalysts include monoamines such as triethylamine, and
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prepol yner may be prepared in suitable selected nethod
from the follow ng nethods: sinultaneous reaction of a
pol yi socyanate with the three kinds of polyols;

stepwi se reactions first between a pol yi socyanate and

a pol yether 20 polyol anong.the three kinds of polyol
conponents, followed by t hd% eaction with

1, 4- cycl ohexanedi net hanol, and then wth a polyol
cont ai ning a carboxyl group; stepwise reactions first
BétNwedimgoh yl specyaharglainihet hpo pghpénher supbl gel NaNgN, N' -
1, 4- cycl ohexanedi net hanol anong the essential 25 pol yol
dﬁﬂpﬁﬂﬁﬂt@yléthbaeddbgmihe,readtNoN,MﬂtN"aNpelon 17
contai ning a carboxyl group; and the like. In a

et teamadt ley babetdhpeahet Al snlvent cysligedibines such as 1,8-
preparation of the carboxyl group-containing isocyanate
ot iouet B yie hal S ud eb haneupaepehy "epBUS Or aadj ust ment  of

the 5 viscosity and inprovenent of the enulsification
efficcireftone@f athee prepel yaes1ydhe sakMent HSoutyltin
preferably inert to the isocyanate group and

rllahinved o dh@hdipubyde ophiil hebt ¥ e ANEnde¥aBP, 8Re .
t hereof include N nethylpyrrolidone, acetone, ethyl

acet atg; t et hy| ghbyLket opeshda N5 r diy @Egﬁbﬁ%gﬁ%gﬁhoéomay be

and the like. N-nethyl pyrrolidone is preferable

hacaisg, ﬁ%é@ébyﬁ@yfﬁgl ﬂlggeﬁaﬁéyﬁﬁéssiw@r' n @'hésghx' 8ot

t he polyol ‘containing a carbox group, making t

MeAGid PN § of m@{@&@rwgrégéti Cé{aﬁ%glgse Qnsegm?ﬁa' a

ur et hane prepol yner nore un| deg ee o0

g;gtermngaegr@fgglry@% i @rem{%ggtefégaﬁfégglﬁﬁﬂ@rbﬁethod is a
‘HEEHHH’&?'fgbé%lﬁé°§V3§?§P3&59£E§t§°§8&d5”Solyol stepwise
in multiple steps, for example, by first preparing a low-
to medium-molecular weight urethane prepolymer and then
elongating the intermediate prepolymer.

In the presént invention, for example, the urethane
prepolymer may be prepared in suitable selected method from
the following methods: simultanecus reaction of a
polyisocyanate with the three kinds of polyols; stepwise
reactions first between a polyisocyanate and a polyether
polyol among the three kinds of polyol components, followed
by the reaction with 1,4-cyclohexanedimethanol, and then
with a polyol containing a carboxyl group; stepwise
reactions first between polyisocyanate with the polyether

pelycl and 1, 4-cyclohexanedimethanol among the essential

polyol components, followed by the reaction with a polyol
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to di butylamne titration nethod. The carboxyl
group-contai ni ng i socyanate group- term nal urethane
prepol yner obtai ned after the urethane 20 prepol yner
reaction is enulsified in water by neutralization wth
a base. The neutralizer is not particularly limted,
and anmonia, a tertiary anmi i@ such as triethylam ne or
tri et hanol am ne, an al kali metal hydroxide such as
sodi um hydr oxi de or potassi um hydroxide, or the 25 |ike
neaynbeinsed. aTehebbylangneups phaf ehabllykdsed. 18

After enulsification, the carboxyl group-containing

i socyanat @ predprhBlEl BabodiRkbRANEaPEBROLYEER sMRYeBe in
subj ect to a chain-extending reaction in water by using

prépatatexhepdetnsuerBsxpel yaRlpecohh8ining isocyanate
chai n-extending 5 reaction may be carried out before,

dyrbng-e&rpi L8k u?@ﬁh§h§'ﬁ?Eb@Tym@?COEangdﬁQSEH@nt of the
reactivity of the chain extender used. An acid value

Oélég@sﬁﬁybgﬁMllﬂﬁQHQeﬁQHEab@'EHe @ﬁhigi?ﬁgﬁﬂgo%}%f@lc1ency

use in the present 1 nvention Is

r@feth rﬁé%é?bﬁ{e?o nehé%@vgh' ¢ss rg@grgﬁ'l?. Yg@;ﬁn% the

|l ess t OH' g may result in Heteriorati o

StablyLiyeof o EB& aQHSOPéa)Q%%’f%@Vig{’i‘ﬁayﬁrﬁskgpgkfsﬂ%&%?@y, and

vaI of over

?%‘%Eé%%%é%?g-?%éfZ%ﬁéfégﬁﬂgﬁ.ﬁékﬁ(%?@??mrﬁé'5.95625%'8?5%&
V@E%k}J%ééggggo'mé%ﬁ%iegﬂ$l%ggggg§ EEBY'S' FethS T%or%gglde,
carboxylic acrd

and the like. N-methylpyrrolidone is preferable, because
N-methylpyrrolidone is effective in dissolving the polyol
containing a carboxyl group, making the reaction for
preparing the isocyanate group-terminal urethane prepolymer
more uniform. The degree of the urethane prepolymer-
preparing reaction can be determined, for example, by
determining a concentration of isocyanate groups according
to dibutylamine titration method.

The carbeoxyl group-containing isocyanate group-
terminal urethane prepolymer obtained after the urethane
prepolymer reaction is emulsified in water by
neutralization with a base. The neutralizer is not
particularly limited, and ammonia, a tertiary amine such as
triethylamine or triethanolamine, an alkali metal hydroxide
such as sodium hydroxide or potassium hydroxide, or the

like may be used. Triethylamine is preferably used.
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copol ynmer dispersion for use in the present invention
wi Il be described bel ow. The aqueous

et hyl ene-unsaturated 20 carboxylic acid copol ymer

di spersion for use in the present invention is not
particularly limted so long_as it is a solution of an
et hyl ene- unsat ur at ed carboxaﬁic acid copol yner

di spersed in an aqueous medi um and t he et hyl ene-

unsat urated carboxylic acid copolynmer is a copol yner of

25 et hyfeee andlanfethylenjctipsabubaked Qﬂbbeﬁbh%alnlng
acid. 19 Exanples of the unsaturated carboxylic acids

|1gﬂ¢m@naﬁ@@@h@@pﬁyérﬁlagadur@tﬁbﬁalgraﬁb@ymb%OﬁégtBe'C
acid, maleic acid, fumaric acid, itaconic acid, and

t§ﬁbjé£@ t@ng &H@lnﬁgﬁ@éﬁﬂﬁﬁg'§e9&€@éﬁegnbwater by using a
copol yneri zing ethyl ene and one or 5 nore of them by

afha O e of o kBOWNs BEQ N5 Ee§g§§§ﬁ95@ hi ghz Ph§$RAYER tending
pol yneri zati on met hods ndom copol yners are

F¥éﬂé%f@ﬂ%maPU$eb&995188p?ﬁ¥”ﬁé§095 0889£M896§ gg@%&gg

with “unsaturated carboxylic acid porfrons’ my

8805 Theca UISAL UAALEEALAL D §y%¢geggagta§lng;8g29hz chain

(neth)acr I c aci ylI éne
r éﬁ&%&“ﬁé@d?n ol efin nmonomer such as propyl ene or
1- butene, and ot her known vinyI nononer s

Copol yeerTsoh Tt Y St 0%0 2 ofSinecopPatenfs ”

copolynerlzed SO ong as

gQMSHIfﬁnghgcpgé%%gg yne S?sln Eﬁ?:@g %%Q gg%%% agﬁegs 10
I OGS e O SE TN
Q%ﬂﬂ&?%}?flégg tﬁﬁﬁjlggﬂgqﬁéH?g may ré%ult in deterioration
in stability of the agueous polyurethane resin dispersion.
The acid value of over 60 mg-KOH/g may result in
deterioration of corrosion resistance of the resin film
obtained. The acid value is determined in accordance with
JIS KO0070.

{1-2} The aqueous ethylene-unsaturated carboxylic acid
copolymer dispersion for use in the present invention will
be described below. The aqueous ethylene-unsaturated
carboxylic acid copolymer dispersion for use in the present
invention is not particularly limited so long as it is a
solution of an ethylene-unsaturated carboxylic acid
copolymer disparsed in an aqueous medium and the ethylene-
unsaturated carboxylic acid copolymer is a copolymer of

ethylene and an ethylenic unsaturated carboxylic acid.
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unsat urated carboxylic acid copolynerization ratio of

|l ess 20 than 10 % by nmass, i.e., a smaller nunber of
car boxyl groups which play a role as the base points
for internolecular association by ion clustering or
the crosslinking points with a crosslinking agent, is
undesirabl e, because it maylPesult in decrease in
coating 25 strengthening effect, corrosion resistance
of the resulting 20 filmafter the degreasing step and
eixdmsp bas st Abthet ynehtutheedquaousxdl speasias. ibreaede
preferably, the lower limt of unsaturated carboxylic
athelticpat eyl it Sadbd % byotessc ABidyUNsgburdt8dic acid, maleic
carboxylic acid content of 40 % by mass is also 5

Uelpg) I plhgri begaugds thecorsyl bkng, resinthe! M ks, and the
i nferior in corrosi on and wat er reS|stance

Tpedt | ¥s | ©ahAged Opy debBH L PRt L OnkNeERYILREOANd one or
resi stance after the al kaline degreasing step. Mre

RESE LT @Bl Yheh NSy UBRETohL M E kSodr Mg Qytgﬁééragg ghﬁlgh—

et hyl ene-unsat urated carboxylic acid copo

'ﬁké§§uﬁﬁﬁé@ﬂ§né9¥§gﬁi89 £OPL L QS CQgQ&5M'Cg§§ggﬁeren9re

thus, it i's pcssible to prepare an aqueous rsion

tﬁ%ﬁfﬁ%aﬁWé qg&faﬁl5éﬁg?5$on§ﬁ%g9#%£ @5% thgd with

organi c base or a neta e or

&h§§§é§gé$éycgpb§£%f§ch@&%&?Pértpgﬁé?ﬁgypgig gﬁér&g &

Ani nes Ing a |ng p0|n
lﬁp §£Hr ifct§§15e§§n %oggbfn 1;hgtﬁrgacryllc: acid.
eet after t teous Tesin so I ONn

'i“ﬂé?E; f%géﬁyf$§gr£§90geoéeéfgcégsﬁfth éﬂqgfefln monomer
such as propylene or l-butene, and other known vinyl
monomers (approximately 10 % by mass or less) may be
partially copclymerized so long as the object of the
present invention is not impaired.

The ethylene-unsaturated carboxylic acid copolymer is
preferably a copolymer containing unsaturated carboxylic
acid components in an amount of 10 to 40 % by mass with
respect to 100 % by mass of the total moncomer amount. A
unsaturated carboxylic acid copolymerization ratio of less
than 10 % by mass, 1.e., a smaller number of carboxyl
groups which play a role as the base points for
intermolecular association by ion clustering or the
crosslinking points with a crosslinking agent, is
undesirable, bescause it may result in decrease in coating-

strengthening =2ffect, corrosion resistance of the resulting
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20 cause deterioration in corrosion resistance. For

that reason, the ethyl ene-unsaturated carboxylic acid
copol ymer dispersion for use in the present invention
aqueous preferably contains no am nes having a boiling
poi nt of higher than 100C. _Ammoni a, which was found to

be | ess 25 effective when a&&ed is also preferably not
contai ned 21 therein. The b0|I|ng poi nt above is that
determ ned under atnospheric pressure. The aqueous

ef him emBtemsthardeedegaibgxytep anddemodpobyinetability of
di spersion preferably contains an amne having a 5

bohé | agupoi st doEpd HOCONL | Moee bhedbrabDynt tRgUL¥REENLimit
to 0.2 to 0.8 nole (20 to 80 nole %9 with respect to 1

nof eurvda tihet ear baxybx gL bupatNdt Benekhy! eseiBngsabyrakgd. An
carboxylic acid copolyner and a nonoval ent net al

QOMPONEL £ 3 ada BOYPL i c egyi Mak8Ateh O QfOZOt@ By4mBBkeis also
(2 to 40 nole %9 with 10 respect to 1 nole of ¥

aaf DOVt a9 OHPo b Hati biE %QY£§§§1tHH§aE@E§Beglﬁﬁr bexyhvfgrlor
aci d copol ymer. Typical exanples of the am nes having a

bioh | d e PO P 204 499&&0£e£9§@£nb80|Hgﬁséﬁﬁéhéiy @558§ﬁg to

such as triethylam ne, N, N-dinethyl butylam ne,
chi e Py 184 ] v ﬂ@,c&ﬁsgbaﬁpyégQEtgheﬁnyter the alkaline

tetranethyldlan1nonethane and trinet am ne,

¥n ass %M&Pegﬁ Sﬁ@f&ﬂiketEME?EEQSr limit is 25 %

dllsopropy anlne and y am nes
§§§propylan1ne t- butylan1ne sec- butyl am ne,
|sob tylamne, 1,2 20 di butyl propyl am ne, and

3- pent@ﬂéﬂgfﬁyléﬁ@Lﬁﬁﬁééﬁggtegngarboxylic acid copolymer for

use in the present invention contains carboxyl groups, and
thus, it is pcssible to prepare an aqueous dispersion
thereof by neutralizing the carboxyl groups with an organic
base or a metal ion.

The organic base used is preferably an amine having a
boiling point of 100°C or lower. Amines having a boiling
point of higher than 100°C, which remains in the resin film
on the metal sheet after the aquecus resin solution is
dried, increase water absorbency of the resin film and
cause deterioration in corrosion resistance. For that
reason, the ethylene-unsaturated carboxylic acid copolymer
dispersion for use in the present invention agqueous
preferably contains no amines having a boiling point of
higher than 100°C. Ammonia, which was found to be less

effective when added, is also preferably not contained
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these am nes may be used al one or in conbination of two
or nore. Anong them tertiary amnes are preferable;
and nost preferable is triethylamne. An anount of the
am ne having a boiling point of 100C 25 or lower is
preferably in the range of 0.2 to 0.8 mole (20 22 to
80 nole % with respect to 2lnole of the carboxyl group
in the ethyl ene-unsaturated carboxylic acid copol ymner,
because corrosion resistance is kept favorable in the

rahgeeinA conkenbiofingnpaninhe abaviend sa thait! iged R&ieClunder
100C or 5 lower at less than 0.2 nole seens to increase

t hemgspHBERE pokskagskn particles in the aqueous
di spersion, prohibiting the advantageous effects

descri pgd §§9¥§usU§€h9ﬁeﬁ@ ﬁHEQ%urQ%%Pn%aﬁb%%#hl%ggcéd

poi nt of 100C or |owelr in an anount nor e

n@bﬁol?m@f581H$g§§h5§bh§ef@§ bt rgéﬂkgin%naﬁoagﬁﬁ%e%%%ing a

In viscosity o he agueous ersion and

asbat i Qf %Qﬁﬁﬁogf becpggfﬁgﬁpkylntgg g%ggngthév%Eent to

am ne content is 0.6 nole, StI nor e

et R

pre?é?%%?&gg §£?%§ hduf sgr?g ¥?8ﬁ22$ﬁgaE&E&FFEoﬁa5POXYllc

R Rk i il e et
TS ALYy oputgl B2 Bty ImLe el el scted 20 Lo
drog&@et Cfrm Pgtef0£hQX|debg; hese netal s, Anmbng _

t %ﬁﬁ o car yl group in the eth¥yliene

unsaturated carboxylic acid copolymer.

Typical examples of the amines having a boiling point
of 100°C or lower include tertiary amines such as
triethylamine, N,N-dimethylbutylamine, N,N-
dimethylarylamine, N-methylpyrrolidine,
tetramethyldiaminomethane, and trimethylamine; secondary
amines such as N-methylethylamine, diisopropylamine, and
diethylamine; primary amines such as propylamine, t-
butylamine, sec-butylamine, isobutylamine, 1,2-
dibutylpropylamine, and 3-pentylamine; and the like, and
these amines may be used alone or in combination of two or
more. Among them, tertiary amines are preferable; and most
preferable is triethylamine.

An amount of the amine having a boiling point of 100°C

or lower is praferably in the range of 0.2 to 0.8 mole (20
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NaOH, KOH, and LiOH are preferable, and NaOH i s nost
effective and preferable. An anount of the nonoval ent
net al conmpound added is 25 preferably in the range of
0.02 to 0.4 nole (2 to 40 23 nole %9 with respect to 1
nol e of the carboxylic groug?in t he

et hyl ene-unsat urated carboxytic acid copol yner. The

nmet al compound content of less than 0.02 nole leads to
insufficient enulsion stability, while the content of
nbeeB8 mhas 8)4withe respacar abl ¥ heads oifo theCkea$R ¥yl group
the hygroscopic property of the resin film obtaine

(in tpartthylane-taskhheraltkal tardoxghut arldaRdpolymer,
deterioration of corrosion resistance after the

dbgteasengosteslohbkés1@&@5@@3QEYkeerf%@W%%bhbmﬂh @he range.
nmetal conpound content is 10 0.03 nole, still nore

pretenebhy 8flaAOhRinandathe Er%BQQQHbepBQB%r E'qbb tsor
0.5 nole, nore preferably O. 3 nol e. The am ne hav

boéddké Ada PO B s0ELAROE . Qrme@E%eéﬁ Bh§n€9@9¥% eRk dlameter
pr et er abl 5 rangés

nmet al conpound, of which the e use

ab e f@§9§cﬁé¥§h¥lg§595'9ﬁg §H9¥8u535§ﬁg§§?ﬁﬁﬁg prohibiting

neutralizing the carboxyl groups in’f

UBﬁ@t&&@5§Qa§§599x¥k5mﬁég'gﬁ§899b¥ﬁegb89g nabthof an amine

agueous Therefore totall amount o

CRIPOYRAS 1,4 Deus a#b%ﬁ%'gﬁ ?Bgyet$r'ioeégssg;gshgﬁoun%yof

result”™in 20 dra cincrease in Vviscos

S AP han, L0oess oML SBng0s pppuies in
%@&%%ég%fqﬁoéfé&ggifg 89rEﬁglgaueous dispersion and leads
to gelation thereof. More preferably, the upper limit of
amine content is 0.6 mole, still more preferably 0.5 mole,
and the lower limit is 0.3 mole.

In the present invention, in addition to an amine
having a boiling point of 100°C or lower, a monovalent
metal ion 1s preferably used for neutralization. The
addition of metal ion is effective in improving solwvent
resistance and hardness of film. The monovalent metal
compound preferably contains one or more metals selected
from sodium, potassium, and lithium, and is preferably a
hydroxide, carbonate or oxide of these metals. Among them,
NaOH, KOH, and LiOH are preferable, and NaOH is most
effective and preferable.

An amount of the monovalent metal compound added is

preferably in the range of 0.02 to 0.4 mole (2 to 40
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resi stance, demand a great anount of energy for
evaporation or renoval. However, an excessively

smal l er neutralization 25 degree is al so undesirable,

as it may cause deterioration 24 in enulsion

stability. Thus, a total amuynt of the amne having a

boi ling point of 100C or |ower and the nonoval ent

netal conmpound is preferably in the range of 0.3 to 1.0
nole with respect to 1 nole of the carboxyl group in

thel & %t hyl Enerespatur bt el natbox§l fheacadberpbliymgroup in
It is possible to obtain an aqueous di spersion of

et enBlyldnarecpaatucd esd (oatbokppiet syidavopglgner. The
average particle size of 5 to 50 nmas the aqueous

etdtyd lenenpmsed ur@d eshcas Dokybs ctiagh docopohyher leads to

di spersion for use in 10 the present invention, by
eimihsf f yd gh t hemeDPDby netawi t hey ) hehank nehba¥bAgedt of more
boi ling point of 100.C or |ower and the nonoval ent

ezl 0 ON ridll € ONDE Ned # DLy Thes @k of 6, ihérbksseeshi gpked

that inprovenent in coating property, adhesiveness to

Bito shgelc $hedsd i ¢ ad £ Ofhe afe YVEh | f§§m1§b€9£ﬁé’§l @in
resi stance of the resin fil mnmay be obtained. The

gracus; i uns aboy e ey CORE akd @ DyA! ophy! agtémaﬁghon of
such as al cohol, ether, or the like in addition t

‘Q@rerr051o-|fheréjéf§@§r%e oéff@lSI eh@ac&éggé%m& %Jasp aqugeyé

di spersion is determ ned, for exanple, aser

gj:feff@:%tmqn bk, 4151 gk 2 Eﬂnii%f éﬁf@@éie&n@g %@t egﬁg%\t is

manuf actured by Ot su ['ectron

gl e on, ety of Bep) Bla e
preferable upper limit is 0.5 mole, more preferably 0.2
mole.

The amine having a boiling point of 100°C or lower and
the monovalent metal compound, of which the preferable use
ranges are respectively described above, are used for
neutralizing the carboxyl groups in the ethylene-
unsaturated carboxylic acid copolymer and make it aqueous.
Therefore, when the total amount of these compounds
(neutralization amount) is excessive, it may result in
drastic increase in viscosity of the aqueous dispersion,
occasionally leading to sclidification. Excessive alkaline
compounds, which cause deterioration in corrosion
resistance, demand a great amount of energy for evaporation

or removal. However, an excessively smaller neutralization

degree 1s also undesirable, as it may cause deterioration



copolymer with the amne having a boiling point of 100C
or 25 lower and the nonovalent netal ion, it is .
preferably to add 25 the am ne having a boiling point
of 100C or | ower and the nonoval ent netal conpound
al nost sinultaneously to th?4 copol yner or to add the
am ne having a boiling poin 100C or lower first.
Later addition of the am ne having a 5 boiling point of
100C or _lower results in insufficient increase in
chb refitbhieespsabhéélval t Bbugh Bh&otedsemoist a6t the amine
clearly understood. The ethylene unsat urated carboxylic
a1l e@pel yakt indi ppénsi of 16P " Useri howhe pndsehé monovalent
i nvention aqueous is 10 prepared by addi ng an
eyt bnecwpsandr asedreéebakyli tnathd ranpel yoeo.andoan. o
aqueous medium for exanple, in a honpgenizer, heating
trivel evi wi tih eréspZ6tt 00250@0bs oeedrd, caaddkpy ghoapi D8 the
havi ng a boiling point of 100C or |lower and a

5 nettoy b eat unes ahrsdspouadbsKiyl abl ¥cifiorogyagnrbe, as 15
an aqueous solution (firstly the am ne having a boiling

poi nt Df 190besibDueto Obtal sk §gayb&§n59§§éysiaﬁ of
am ne having a boiling point of 100C or |ower and the

reEtONEth €Y fﬂﬁéa@a@@ﬂ@D@leol@n@r§§léfépgh59§n51éﬁué€erage
under hi gh shearing force Conpoundi ng anounts

Padiesd Ne COMPONGAtS tdhep agHeyStKESLHLSOL Lt eE’Hyiﬁﬁe use
in the present invention contains a mxture of

AGLROUST £0d D OXY T &k PUP E@D&a&@b@ﬂyﬂ@fy&{gﬁgﬁgfoﬁeféP use in
sol ution and the aqueous ethyl'ene-unsat urat

10 Qﬂﬂ@@%%éé&n@ci§v§&@P$MPEEydéﬁ@féff?fng the copolymer with
the amine having a boiling point of 100°C or lower and the
monovalent metal ion in combination. Therefore, it is
estimated that improvement in coating property,
adhesiveness to metal sheet, densification, as well as

15 corrosion resistance of the resin film may be obtained.
The adqueous medium above may contain a hydrophilic solvent
such as alcohol, ether, or the like in addition to water.
The diameter of resin particles in the agueous dispersion
is determined, for example, by laser diffraction by using a

20 light scattering photometer (e.g., manufactured by Otsuka
Electronics Co., Ltd.).

In the neutralization step (hydration step) of

neutralizing the ethylene-unsaturated carboxylic acid
copolymer with the amine having a beoiling point of 100°C or

lower and the monovalent metal ion, it is preferably to add




10

15

20

25

25 descri bed above in an amount of 5 to 45 parts by
mass as 26 nonvolatile resin conponents, and silica
particles in an anount of 55 to 95 parts by mass in
the total anount of 100 parts by mass, and further
contains the silane-coupling% agent in an anmount of 5

to 25 parts by mass with re¥gect to 5 the above total

anmount of 100 parts by mass. In the present invention,

t he combi ned use of the carboxyl group- containing
pbhyuamihankavesignaabhd itthagepbyhenefunsat’qr ared ower and the
carboxylic acid copolyner allows production of the

smofiacaleht eatedlnebabosheet 1noper sQhulR ahicbMsly to the
adhesi veness, 10 corrosi on resi stance, abrasion

respslamee, oandoabledl ithe aflegeeaskibg 8Sbstianee pAint of
excessively smaller anmount of the nonvolatile resin

cooponest s1ewyr| eagstQ deheeirobabi®Aonl BCRRLOSHGRe having a
resi stance, al kaline degreasing resistance, and film

ABHESL V! §ntA@fe§©@9§i&%'Xoh@&g§ésﬂﬁ?§ngn°&n%ﬁ%fléient
nonvol atile resin conponents may | ead to deterioration

| the 24 38| o &@?Eé%ﬂﬁﬁer@@gsEQHgH9tEikhﬁu Rl @Ml Rason is
vi ewpoi nts above, the aqueous resin so ut'ion

Pef esably) gontabpscbBy, aqueous carboxyl
gr oup- cont ai ni ng pol yurethane resin solution and the

aqueOUﬁh@tQﬂﬁﬁﬂ@ﬁaﬂaﬂéHEQESQeEaE?9§¥L¥81c29 ?&igoHS}gmer

copol ynmer dispersion In an anoun parts o

g¥iﬂﬁ§§si€€rfoprﬁggr§gl¥hg5%?§%%§tggnggﬁﬁgogpgﬂégg %;E%

| ess mass, nore pref par .

e TR bl fa EEh L FAPRANE L balad SRPHRrEh rSact
(50 A £AT BN VA, 9L QB GOHBLELRAY POLYULELRRRS fgsin
homogenizer, heating the mixture to 70 to 250°C as needed,
adding an amine having a boiling point of 100°C or lower
and a monovalent metal compound suitably, for example, as
an aqueous solution (firstly the amine having a boiling
point of 100°C or lower, or almost simultaneously the amine
having a beiling point of 100°C or lower and the monovalent
metal compound), and stirring the mixture under high-
shearing force.

{1-3) Compounding amounts of resin components

The aqueous resin solution for use in the present
invention contains a mixture of the aqueous carboxyl group-
containing polyurethane resin solution and the agueous

ethylene-unsaturated carboxylic acid copolymer dispersion

described abovs in an amount of 5 to 45 parts by mass as
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27 above, and the nonvolatile resin conponent in the
aqueous et hyl ene-unsaturated carboxylic acid copol yner
di spersion is the ethyl ene-unsaturated carboxylic acid
copol ymer descri bed above. The ampbunt of the

nonvol atile resin 5 conponents can be determ ned by any
one of the methods known i R6the technical field of
aqueous solution or dispersion, for exanple, by
heati ng and drying the aqueous solution or dispersion

ahoh001601130€=k0n Eohdodeh@yl, s sand siNBagupbRgithes in an
anount of the evaporation residue. 10 A conpoundi ng

r abanef oFhes5capborybagtauByCaRkai AhNgnePeb¥unethdngt of 100
resin (PU) to the ethylene-unsaturated carboxylic acid

CQQ@E¥”BFyﬁE§%; Eﬁétfh§th89 Egn%%lgslthg sgl%ne Cfugllng

pref erab 6. 5: .3:1, and nore preferably

NB§snt The EY gﬁaaﬁeto@ gh% tztﬂ)aga%té 8% aﬁ)ggm%ﬂd'r@ggect to

15 ratio of the nonvolatile conponents

p@haugsébéne ? QméQ HEH@N16Q ﬁg%tBOBﬁohggkte In the

conponent s e aqueous et'h e-unsat ur at

gsfggéxklgneghdloﬁopehgnsgmﬂaﬁeﬁfaance angg'ﬁgapexyl group-

eteritoration In corrosion resist

(R R T S R TERS
SEPLA LBt Rl Ty A el BoHER e grace-
(L0 Bacqusg DeoLesLinLRLmdoge chol, shpudssiiable 20
qgogrosion resistance, abrasion resistance, and alkaline
degreasing resistance. An excessively smaller amount of
the nonvolatile resin components may lead to deterioration
in corrosion resistance, alkaline degreasing resistance,
and film adhesiveness. An excessively larger amount of the
nonvolatile resin components may lead to deterioration in
abrasion resistance and conductivity. From the viewpoints
above, the aqueous resin solution preferably contains the
aqueous carboxyl group-containing polyurethane resin
solution and the aqueous ethylene-unsaturated carboxylic
acid copolymer dispersion in an amount of 20 parts or more
by mass, more preferably 25 parts or more, and 40 parts or
less by mass, more preferably 35 parts or less by mass, as
nonvolatile resin components. The nonvolatile resin

component in the polyurethane aqueous solution is the

carboxyl group-containing polyurethane resin described
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one of the resins used. However, the resin film
prepared in conbination of two kinds of resins
according to the present invention shows well -bal anced
properties of both resins. In addition, the conbined
use of the two kinds of 5 e Zlns together with the

silica particles and the sil coupl i ng agent

provi des the surface-treated netal sheet superior in

fil madhesi veness, corrosion resistance, abrasion
rdP e antad By %@REP?ﬁEléégF§§§Pn50P3§P§PSnéé bje aqueous
synergistic interaction of these materials. 10 (2)
SithebepareneresTyven Faspesylic 818 490pAVTRSrhfiAmeEsion
of the nonvolatile resin conponents in the aqueous

cla? bl | eghvlpreconsatwragegoryuberihihe 36Ldt FORCANTEY

t he aqueous et hyl ene- unsaturated carboxylic acid
cdbpotyheed dispes si ofiheesnpitbedoisthbonenvehatadaeoasin
resin solution for use in the present invention
cormpdmsnt hecan| peadpbetinthed bp anvaopenbfothB5mephpts

or nore, preferably 60 parts or nore, and 95 parts or
llesswn pief enabtgclBfipalt $ieldl eSsaqueoespsefietabhyo?b

parts or less by mass (the total nonvolatile resin
chigpoeeni sn) sfc20ed@fppar t bybiieati$ngi antiotlak)ingThee aqueous
silica particles provide the resultant resin film wth
contueti dbi by, dCopepsion aesisvancei3zahd Foknmi to 3 hours and
adhesi veness, and rai se hardness to inprove abrasion

nesd stance ohetfrofiht £ ThReskkrhparpaibhckesgcdakent of
25 less than 55 parts by nass may |l ead to deterioration

in 29 pcopdpsthaihy andiabpaskps resbskancgrolibecshkhtaing
cont ent
polyurethane resin (PU) to the ethylene-unsaturated
carboxylic acid copolymer (EC}, that is, PU:EC is 9:1 to
2:1, preferably 6.5:1 to 3.3:1, and more preferably 5:1 by
mass. The PU content higher than 9:1 as a compounding
ratio of the nonvolatile components (PU) in aqueocus
polyurethane resin solution to the nonvolatile components
(EC) in the aqueous ethylene-unsaturated carboxylic acid
copolymer dispersion, results in deterioration in corrosion
resistance and alkali resistance. The PU content lower
than a ratio of 2:1 leads to deterioration in abrasion
resistance.

It is generally regarded that it is difficult to use
different resins in combination for a metal sheet resin

film, because the resin film does not show desirable

properties due to predominant influence in properties by
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of nore than 95 parts by nmass may | ead to deterioration

in coating property and corrosion resistance of the

resin film The silica particles preferably have an
average particle 5 size in the range of 4 to 20 run so
that the silica particles can exert the maxi num

advant ageous effect. As th@saverage particle size of

the silica particles decreases, corrosion resistance

of the resulting resin filmincreases, but the

i ope ovEnthe rastosrosedn rHsiwstvancetbeenmssin BeldOprepared
saturated at an average particle size of approximtely

| Bssconhanadiom ondwbheiatiabblfi kgsohst hecagueays rbegsha
solution decreases, resulting in tendency of gelation.
Theeséht chnvpatioel esohavivaglapadyatageppapbiel @ssbzeboth
of larger than 20 nmnay lead to deterioration in
frégrhorm ng paapeidy, othdScbhpidkapassi 68 8RE ko kinds of
corrosion resistance, film adhesiveness, and al kaline

degs eas| PYgE LR BT ANER @ﬁetB@ll&ssyhktmglé§Shﬁdfth€1syiﬁne
of the Sears nethod (4 to 6 nm or the BET nethod (4

1€1201 iy h§elF e}_ﬁ%@i’&@sfEﬁed§h§E%QaE£QQtQE fneﬁal sheet
average 20 particle size of the silica particles. A

AyiReEt Co k1 gRt £ SCAt L gks 89y ORERQM bér?B@ESﬁapé¥%H§EHcg9r

determ nation of the average particle size o ain

Séﬁf&@lOé“E@S?étéF@e,p?%r'ghﬁﬁlﬁﬁg 5§§¥@§§?ﬁgakgﬁlggﬁgce by

colloidal silica, and exanpl e

@yﬁ@réfmexlﬁ %f&ét?&‘?dé}%f_?g@? agfag]g?ggwed by

Ni ssan™ Chem cal ndustri es | i ke are

favorapiy gffﬂ%ég%%%?lgiggent i nvention. (3)

Si | ane-coupli
With respect to 5 to 45 parts by mass of the

nonvolatile resin components in the agqueous carboxyl group-
containing polyurethane solution and the aqueous ethylene-
unsaturated carboxylic acid copolymer dispersion described
above, the aqueous resin solution for use in the present
invention contains the silica particles in an amount of 55
parts or more, preferably 60 parts or more, and 95 parts or
less, preferably B0 parts or less, more preferably 75 parts
or less by mass {(the total nonvolatile resin components is
100 parfts by mass in total).

The silica particles provide the resultant resin film
with conductivity, corrosion resistance, and film
adhesiveness, and raise hardness to improve abrasion
resistance of the film. The silica particle content of

less than 55 parts by mass may lead to deterioration in



10

20

25

The aqueous resin solution for use in the present

i nvention contains a silane-coupling agent. The sil ane-

5 coupling agent is used for inprovenment in abrasion

resi stance, film adhesiveness, corrosion resistance,

and the like as well as in_the adhesi veness between a
metal sheet and a resin fil%thformed thereon. A content

of the silane-coupling agent in the aqueous 10 resin
solution is preferably 5 parts or nore, preferably 7
peerduotivbiy bpdnabsaandn2Bepastance. | e piéfienabbptent
15 parts or less, by mass with respect to 100 parts by

naf smofe thentaﬁapaanauhy nhssheagoiealdatbl detesibration in
conponents and the silica particles in the m xture of

tdea aipeopsoparbegxyhd 1SogroupoaontaiBictagcpobyuraehaagein fiim.
sol ution and the aqueous ethyl ene-unsaturated
CE®Ooxylicaaphdtcopebypeerdrapershane dasarvebageapayeicle
When the content of the silane-coupling agent is too
sabdd , ih heheeaghyyi bFes bet weeAnt B8 shhanenecoupki-AY

agent and the carboxyl group-containing 20 pol yurethane

Fpﬁﬁfﬂ@@@stB@neéﬁ¥£§n§hénﬁékﬂﬁ@hengéﬁbgéﬁbhg e@¢bd: . as
copol yner descri bed above and between thé sil ane-

Cenkp| A Per 2genpappdcibes et abrshget ssukbacga0e¢reasedecreases,
resulting 1n deterioration in abrasion resistance,

CothOGi ol PRSI EYanEQr PSERB E@§h§%§ﬂ&eregﬂg Ehfmlkggreases,
When the 25 content of the silane-coupling agent is

|Bﬂ&ﬁ%héh§m§§ov§ﬁ§@tliﬁYCQErBE§oﬂq9@QF§téﬁéénségﬁgt£8nbe

deteriorates, wh may result 1 n gelation

U aoligthe sl évérageugiégegc@gegazg%f' 2¥BLY¥Ed P 1y 1ess

the reaction above I ncrea
than 4 nm, and the stability of the aqueous resin solution

decreases, resulting in tendency of gelation. The silica
particles having an average particle size of larger than 20
nm may lead to deterioration in film-forming property of
the dispersion and in corrosion resistance, film
adhesiveness, and alkaline degreasing resistance of the
resulting resin film.

Use of the Sears method (4 to 6 nm) or the BET method
(4 to 20 nm) is preferable for determination of the average
particle size of the silica particles. A dynamic light
scattering method is preferably used for determination of
the average particle size of chain silica. Such silica
particies are known normally as colloidal silica, and for
example, XS, SS, 40, N, and UP in Snowtex series products

(manufactured by Nissan Chemical Industries Ltd.) and the
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resulting in lowering of the adhesiveness between the
metal 5 sheet and the resin filmforned thereon. In a
pref erabl e enbodi nent, the silane-coupling agent is
the silane-coupling agent represented by the follow ng
Chemcal Formula (1). Rz R-X-Si-R2 (1) 10 R4 in
which Rl represents a egci&Qxy group, R2 and R3
represent respectively a | ower al koxy group, R4
represents a |lower al koxy group or a |ower alKkyl

gridip, ammdfavoraplesesrd Bn| oherpatayhenéngenbponis
Presence of the silane-coupling agent increases

coat i g3 propeang-ofup hen@gieens resin sol ution and
corrosion resistance of the resin filmfornmed. Exanples
of tHihsid@nescoupdsiny agbnt sorcofivai nsagia ghycpdexynt
group at the termnal represented by the chem ca
fiormanEidrl)c@0taires udlesilane~coupling agent. The silane-
y-gl yci doxypropyl tri met hoxyl si |l ane, y-

alouy dioxy preayt nes hys €l ef Soxymb t enement Nyht &b84 6 8on
nmet hoxyet hoxy) sil ane, and the |ike. The sil ane-coupling

aganits ot @ Nf N tHeh 4 YesHlOXY, JEOLPos SotlSEEsi HELAYSE and
it is 32 highly crosslinkable with the carboxyl

greup-icentad Nkl P91 yureidanen £5¢EnaHd HELween a metal
et hyl ene-unsat urated carboxylic acid copol yner and

igHaasand hardness anth | #brh&d tih&fedhe resin film
obtained. 5 (4) OQther additives

A content of the silane-coupling agent in the aqueous
resin solution is preferably 5 parts or more, preferably 7
parts or more by mass and 25 parts or less, preferably 15
parts or less, by mass with respect to 100 parts by mass of
the total amount of the nonvolatile resin components and
the silica particles in the mixture of the aqueous carboxyl
group-containing polyurethane scolution and the aqueous
ethylene-unsaturated carboxylic acid copolymer dispersion
described above. When the content of the silane-coupling
agent is too small, the reactivities between the silane-
coupling agent and the carboxyl group-containing
poclyurethane resin and the ethylene-unsaturated carboxylic
acid copolymer described above and between the silane-
coupling agent and the metal sheet surface decrease,
resulting in deterioration in abrasion resistance, coating
property, corrosion resistance, and the like. When the

content of the silane-coupling agent is too large, the
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The car boxyl group-containing ethyl ene-unsaturated
carboxylic acid copolyner neutralized with the am ne

having a boiling point of 100C or | ower and the

nonoval ent netal ion described above associates with

each ot her 10 internDIecuIa%Iy (i ononmerization) by ion
clustering, giving a resin #iln1superior in corrosion

resi stance. However, it 1is nore preferable to

crosslink the polyner chains via chem cal bonds by

ustalygi t hevreficthenageeweenrésnnt sohakiogr deperidbaktssa which
pref erabl e enbodi nent, the aqueous ethyl ene-

unspt e bd carbekytionacaddconel ymeundi sperskopifiohe-

use in the present invention contains a crosslinking

agan 1 hayi agent Weo Br 1ADE evédnehi oRal rgaedPsnr 8864kVencreases,
Wi th a carboxyl group, and a content of the

crexssl ¢ kg NOn ageRéri 8g20f PEREesaRbY i ¥oRAEL BELWRER, the metal
nore preferably 5 parts or nore by mass and 20 parts

Ofhd €S SandDf €= PF&E € abl Ym 180 PRELS+AE rebgSS Dy mass with
respect to 100 parts by nass of the nonvolatile resin

conponedts (563 répab e AYEQUR-£ENYLRRCS i YOsaL
carboxyli% %%%d c%polyner dis%ersion. 3% %ﬁg ggg%gg?go?gent

|@§Stﬂ@a§iﬂaﬂ@Iéo@ﬁl?ﬁisaE@Mtrfﬁﬁkéséﬁtéé bgnEHé kgifg&ing

ef fect of the crossl i ng by chem cal bond and

il f4L] erd -hIPL OyereNt in corrosion resistance.
Addition in an anmount of nore than 20 parts by mass is

al so unfavorable, because it may |lead to increase in
hardness of 5 the resin filmdue to excessive increase
in crosslinking density, consequently to generation of
cracks ﬁﬁ the resin

RI—X—5 i —R3 (1)

R
in which R! represents a glycidoxy group, R? and R®
represent respectively a lower alkoxy group, R* represents
a lower alkoxy group or a lower alkyl group, and X
represents a lower alkylene group.

Presence of the silane-coupling agent increases
coating property of the aquecus resin solution and
corrosion resistance of the resin film formed. Examples of
the silane-coupling agents containing a glycidoxy group at
the terminal represented by the chemical formula (1}
include vy-glycidoxypropyltrimethoxylsilane, y-
glycidoxypropylmethyldiethoxysilane, vinyltris (B-
methoxyethoxy)silane, and the like. The silane-coupling

agent containing the glycidoxy group is used, because it is
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filmbecause of inability to foll ow deformati on during
pressing and thus deterioration in corrosion resistance

and film adhesiveness. 10 The crosslinking agent

having two or nore functional groups reactive with a
carboxyl group in the nolecuyle is not particularly
limted, and favorable exanépes t hereof include

gl yci dyl group-containing crosslinking agent such as

pol ygl yci dyl ethers [e.g., sorbitol polyglycidylether,
15i¢pby yygdbysbiokabpbeyylyhi dikethebpxpengaenypt-ibntalining
pol ygl yci dyl et her, trinethyl ol propane

pod yghyetdyhet hesin amapehtykghytehedugkyeudukenhesrabdylic
(pol y) et hyl ene glycol diglycidylether], and

Pt Y| yebalyyast nead egtrbdsayY| hgrQHRssCAAHANObRYcity of the
crosslinking agents such as bifunctional 20 aziridine
CONPOUNEIS] h eoBtaided. - _

bi s(et hyl enei mi necar bonyam no) di phenyl net hane, N, N -

hexanmet hy| @pget . 8481 6ifd=azilidi necarboxyam de), N/ N -

di phenyl net hane-4. 4' - bi s(I| -azi |l i di necarboxyam de),

tol uenene bisaziki di gesasboxyent delg LEALYDALLORAL A ated

hi gher 25 aziridine conpounds [e.Qg:,

tdd ozl 14 dhaydp ' ' Y i i '
T et T A T es  pRoSah feoyi 8, the amine having

Kiest U ceai e :
L i s g 14042322 401t 08 B Bl kS

] oL ety S 4asEl LS UL GpAnaL gl o e
CHRSIILAG, QORI (RibE: b3el ALE0SL8E Liborering, giving
Y P GONEA R DG L83 I KLY, B98O S, & €t ance.  However, it
is more preferable to crosslink the polymer chains via
chemical bonds by using the reaction between functional
groups.

In a preferable embodiment, the agueous ethylene-
unsaturated carboxylic acid copolymer dispersion for use in
the present invention contains a crosslinking agent having
two or more functional groups reactive with a carboxyl
group, and a content cof the crosslinking agent is
preferably 1 part or more, more preferably 5 parts or more
by mass and 20 parts or less, more preferably 10 parts or
less by mass-with respect to 100 parts by mass of the
nonvolatile resin component (EC) in the aqueocus ethylene-

unsaturated carboxylic acid copolymer dispersion.

The content of less than 1 part by mass may result in
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preferable. A nultifunctional aziridine and a

nmonof uncti onal aziridine (ethyleneimne, etc.) may be
used 10 in conbination. (5) Methods for preparing an
aqueous resin solution and formng a resin film The
aqueous resin solution for §e in the present

i nvention may contain vario addi tives such as dil uent
15 sol vent, skinning inhibitor, |eveling agent,
antiform agent, penetrant, enmulsifier, filmng aid,

cohgnfﬂgcpegﬂeetfecthb@k@n@rcraaglhﬁh&haaﬁy CRefi®al bonds
range that does not inpair the advantageous effects of

t@@dpiﬁgﬁﬁfltﬂ@ﬁetkﬁﬁroEEﬁenHEEHOQOEQBS@Bﬁpéébagtkhé
aqueous resin solution is not 20 particularly Iimt eg

afld { FEoRAUEONS EﬁéhﬂtsekuthQ PRYnbSo p5§E§f89 R¥ss is also

m xi ng the aqueous carboxyl group-contafnin

POh YAHSEDBNE, seéeesue Ehﬁggqysgas £ 8t 'ﬂ%ﬁh‘;@ﬁsg.ﬂﬁﬁt Hi8h&dss of

car boxylic acid copo yner sper si on,

p@ﬁé'f &8 £ibg 3? ES QQHQEEFQeaQSQ%EaQnd&eSc@gggfgn%ing

e 25 cross

sf'gbﬁe e amunte, o8 oThersLaco EHELER DB casin

oupli agen Cr 0SS
;?g For TQ@%%t gggggf% anyﬁea?Pé?veg 588???68n GRCERg
t th l I , t, 5 f
FERETEA 0006kl anercountLng, agent, 5.001,
gﬁ é&ﬁéln ormng a resin filmon a nmetal sheet,

VTSP R sol ution may be coated and dried

under eat _on side or both faces of the netal
sheet f%&%ﬁsgynbgy%gagent having two or more functional

groups reactive with a carboxyl group in the molecule is
not particularly limited, and favorable examples thereof
include glycidyl group-containing crosslinking agent such
as polyglycidylethers [e.g., sorbitol polyglycidylether,
(poly)glycerol polyglycidylether, pentaerythritol
polyglycidylether, trimethylolpropane polyglycidylether,
naopentylglycol diglycidylether and (poly)ethylene glycol
diglycidylether], and polyglycidylamines; aziridinyl group-
containing crosslinking agents such as bifunctional
aziridine compounds [e.g., 4,4'-

bis (ethyleneiminecarbonyamino)diphenylmethane, N,N'-~
hexamethylene~1, 6-bis (l-azilidinecarboxyamide), N,N'-
diphenylmethane-4.4'-bis(l~azilidinecarboxyamide), toluene-
bisazilidinecarboxyamide], trifunctional or higher

aziridine compounds [e.g., tri-l-aziridinylphosphine oxide,
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‘vapori zat1 on of water

known application nethod such as a roll coater nethod,
a 10 spraying nethod, or a curtain-flow coater nethod.
The heat drying is preferably perfornmed at a
tenperature allowing the cross-Iinking reaction

bet ween the crosslinking agent used and car boxyl
groups to progress. Wien a s¥herical polyet hyl ene wax
is used as a lubricant, it is preferable 15 to dry the
filmat a tenperature in the range of 70 to 130C

beciadise- (hananexy 1 Paﬁpﬁﬁcﬂiﬁf\il SHePsn1ise agyantageous in

the processability in the Tater steps. The two ki nds of

resi st Pl U hahd her pe @@eﬁiri@yﬁ%m‘pg&g?ﬁgy! SEPB,

particles, which nelt and fuse to eac

ff¥4?dmkfﬁgﬂﬂfﬂégﬂifﬂ-12§15l§f1££%$§np§ﬁ§tHégraﬁééﬁé%propane

ica particles arée diSpers

L B AE R0 B W e
0 01 G4, LU PR AL v
AEie B5 S et AT S B 57 198 = bRl S 2 ea
ARIETR AT S o Gt SUel SR B TS o1
WA AR L S i (1 9
AL S (R oS P e

Before formng a resin film the netal sheet surface

ey PGS E with Co or Ni, or treated with an

(5} Methods for preparing an aqueous resin solution
and forming a resin film

The aqueous resin solution for use in the present
invention may contain various additives such as diluent
solvent, skinning inhibitor, leveling agent, antiform agent,
penetrant, emulsifier, filming aid, coloring pigment,
thickener, and lubricant in the range that does not impair
the advantageous effects of the present invention. The
method for preparing the aqueous resin solution is not
particularly limited, and the aqueous resin solution may be
prepared by mixing the aqueous carboxyl group-containing
polyurethane solution, the aqueous ethylene-unsaturated
carboxylic acid copolymer dispersion, the silica particles,
the silane-coupling agent, and as needed a wax, the

crosslinking agent, and the like in predetermined amounts.
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10 inhibitor, or alternatively, subjected to various

non- chromate surface treatnents. An anount of the

resin filmadhered onto the netal sheet (thickness)

after drying is 0.05 g/n2 or nore, preferably 0.2 g/nR

or nore and 1 g/m2 or |ess,,.nore 15 preferably 0.5 g/ m

2 or less. An excessively sﬁg adhesi on anount may
result in deterioration in abrasion resi st ance,

corrosi on resi stance, and al kal i ne degreasi ng

r B¢ s% hhkel P&mteabe58|v5by5héage adbpding ageuni way,

|l ead to tendency of deterioration in conductivity and
weras ahiefinei apeyt, 28ndhehsulfaeentyenteddaetiai nshagt step,
may be used as it is after a suitable processing step,
doutait bis yseelf @f alel e addit tonabpl ¢l e8¢y r BdePOsFtbONaddition
coati ng, powder coating, or silk-screen printing

(ﬁﬁﬂﬂhﬂﬂ¢Eﬁ§%b&ﬁ&lﬂ@0a§QnﬁGQﬁafQhe2911Qn§0coﬁbmﬂhgsigent,
under the conventional conditions, according to

appt i sedvansioB ot (ExanpteyrkEvabeat-98sMBHROAS] afd) gelation.
Corrosion resistance 5 The surface-treated netal sheeéts

obt ai ned f45asiny £0ateodnSteeh Shegti-VeIessubtectgd Egueous
Salt Spray Test of edge-sealed plate accordlng to

2237 {n 281t e RRA ¥ Ok @Bétéd"‘ﬁh&edfi‘écﬁ ARBERAT e b P éﬂ one

anount of 1% was determ ned. (Evaluation criteria)

QGidhide gt appeared ahlen249 bours Qurggﬁg,obyvﬁgiﬁg a
rust appeared in the period of 120 to | ess than

krown application method such as a roll coater method, a
spraying method, or a curtain-flow coater method. The heat
drying is preferably performed at a temperature allowing
the cross-linking reaction between the crosslinking agent
used and carboxyl groups to progress. When a spherical
polyethylene wax is used as a lubricant, it is preferable
Lo dry the film at a temperature in the range of 70 to
130°C, because the wax in spherical shape is advantageous
in the processability in the later steps.

The two kinds of resins for use in the present
invention are emulsion particles, which melt and fuse to
each other, forming a film during the rise in temperature
after vaporization of water. Silica particles are
dispersed inside the film. The silane-coupling agent,
which improves adhesiveness between the metal sheet surface
(in particular, plated surface) and the resin film, secems

to be present in the region close to the interface.
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240 hours A: White rust appeared in the period of 72 to

| ess than 120 hours 15 X: Wite rust appeared within

| ess than 72 hours (2) Abrasion resistance The
surface-treated nmetal sheets obtained (resin- coated

steel sheet) were subjected_to the vibration test
accordi ng to Packaged- Goods “Vi bration -Test (JIS

Z0232), 20 and the appearance of the sanples after a
particular time was evaluated according to the

follomﬁhg Belaér fheeThéorvidseatinonheeptr cappdr divendsed is
is that manufactured by IDEX CO., LTD. (trade nane:
"Eﬁt5g@tti¢uléE&almamﬁbadcrbuerbahalﬂﬁn&keNOSd@ﬁﬂgeh@@t is
film38 0: Sone damage on film but none on gal vani zed
spréferable. Vi Banbkybbbsexwablle sdakageo@n igaliviae zed dip
surface X Significant damage on gal vani zed surface
(B)r&oathogopadpar syedlAshekanm(ge) al kydhpai ati o Ai-lFaC alloy-
#1000, manufactured by Kansai Paint Co., Ltd.) was

spoayeapptéet enteott hensurhaeedipr eated ﬁﬁt&hl% ebated
obt ai ned (resin-coated steel sheet) to give a film

thteknesseof aboy} ﬁ@renhahbeélebteeplaﬁadb@%%@1 %heet (EG) ,
130C for 20 m nutes. Thus, the post-coating was 10

C@ﬁ*ﬂﬁdeD@éti@pgaﬂ§dasfébﬁ1sEE@E; bhEnSAMRl €HWRS, Ti sheet,
imrersed in boiling water for 1 hour, taken out and

&4 f10¢ 1ipour B@Eof@oﬁbkﬁﬂﬁﬁrﬁtHégina@glﬁheﬁhgnﬁéﬂqusheet
wth a cutter knif

surface may be treated with Co or Ni, or treated with an
inhibitor, or alternatively, subjected to various non-
chromate surface treatments.

An amount of the resin film adhered onto the metal
sheet (thickness) after drying is 0.05 g/m? or more,
preferably 0.2 g/m® or more and 1 g/m® or less, more
preferably 0.5 g/m® or less. An excessively small adhesion
amount may result in deterioration in abrasion resistance,
corrosion resistance, and alkaline degreasing resistance.
An excessively large adhesion amount may lead to tendency
of deterioration in conductivity and welding efficiency.
The surface-treated metal sheet may be used as it is after
a suitable processing step, or may be used after additional
electrodeposition coating, powder coating, or silk-screen
printing (approximately at 130 to 160°C for 20 to 30
minutes) under the conventional conditions, according to

applications.
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to form 100, 1-nmm squares on the surface. After the
sanple was subjected to a tape-peeling test, the
nunber of the 15 filmsquares remai ni ng unpeel ed was
counted, and the coated film adhesiveness was

eval uated as the follow ng fgur ranks. (Evaluation
criteria) OO Residual ratid’ 100% 0: Residual ratio:
90% or nore and | ess than 100% 20 L: Residual ratio:
80% or nore and | ess than 90% X Residual ratio: 70%
or nore and | ess than 80% (4) Conductivity The surface
resi stance was neasured at ten points on the
surfacEEtamaled netal sheet obtained (resin-coated 25
steel sheet) by using a surface resistance neter

[ Lor estEw3BuatERndmptiobést ype, manufactured by D a

I nstrunent, Co., Ltd.). (Evaluation criteria) O 1 nU

or | esgl) ansirovetdpadeistarbben sites 5 0: 1 nU or
| ess, and overload 1 tine/ten sites O0: 1 nlJ or |ess,

and oveiéd oagr 2= ¢éESEA€EAShEES] Xhedt §QBEaDREE, (3BHin-
overload 5 tines/ten sites (5) Alkaline degreasing

r@sd 54 ANCLe £ SINPEE) WASrb MIBRE§EEL LA 85 SOL LI Q?rﬁ @Bst of
al kaline 10 degreasing agent (CL-N364S, manufaciured

by -hatla 1 Rarkes42i 86-EPdinkt fo) 786 £988ENt LAL] eﬁeg%%%%d

g/l previously adjusted to |liquid tenperature of

fiit 21 Al es; s hgosagphei wagnt BeBub kP o4t wa%e§hed rmined.
wth water,
(Evaluation criteria)
©®: White rust appeared after 240 hours or more
O: White rust appeared in the period of 120 to less than
240 hours
At White rust appeared in the period of 72 to less than
120 hours
X: White rust appeared within less than 72 hours

(2} Abrasion resistance

The surface-treated metal sheets obtained (resin-
coated steel sheet) were subjected to the wvibration test
according to Packaged-Goods Vibration -Test (JIS 20232},
and the appearance of the samples after a particular time
was evaluated according to the following criteria. The
vibration test apparatus used is that manufactured by IDEX
CO., LTD. (trads name: "BF-5000UC").

{(Evaluation criteria)

©: No damage on film
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dried and subjected to Salt WAter-Spraying test
according 15 to JI'S Z2371; and a period until white
rust appears in the anount of 1% was determ ned to be
ranked as follows. (Evaluation criteria) O 168 hours
or nore 0: 96 hours or nore %nd | ess then 168 hours 20

A 48 hours or nore and | esSSthan 96 hours x: Less
than 48 hours [Preparation of the aqueous carboxyl
group-contai ning pol yurethane resin solution) 25 In a
r @actScore \dEss®ie havihigla wapacdhy of @aBvindbed egui paed
wWth a stirrer, a thernoneter, and a tenperature

cont naldwer], 1 pl sisesh s Be G@aﬂa?é B8l ¥hevaRIMBENYSRPRace
et her glycol (average nol ecular weight: 1,000)

mEnufsaeriireict e ddedagayen Geld £ &R . sutfske as a

pol yol conponent, 14 g of 5 1, 4-cycl ohexanedi net hanol ,
and 20(g) otodtnBfhygtepepEgpi onic acid, and
additionally 30.0 g of N-nethylpyrrolidone as a

reacti RnmsobMent. aTRyi! gRendi i(aQeyarake o0her fhRdfheiured by
referred to sinply as "TDI") (104g) as an isocyanate

CRAPONENPa YRS addedrthey el b xtur s hea .
Jomeng (bathg edopLraPt Chls 3BEaLNEELILY Ba¥ED RENG race

[each t O Iﬁé’taPVQFxSSEj-oﬂ_{?giﬁéﬁpqlrﬁg‘?ﬁﬁ—eggﬂeﬁeg%ggq ARy to

content of 8.9% Then, after neutralization

aﬁKUéi@animléthﬁﬁeséfégtQ%Eﬂg‘g§ gﬂda?ggktgggegf %ng baked

m xed aqueous solution o thyl'énedramné an

et S L B T S
carried our to give a film. Then, the sample was immersed
in boiling water for 1 hour, taken out and left for 1 hour
at room temperature, and then engraved with a cutter knife
to form 100, I-mm squares on the surface. After the sample
was subjected to a tape-peeling test, the number of the
film-squares remaining unpeeled was counted, and the coated
film adhesiverness was evaluated as the following four ranks.
(Evaluation criteria)
©@: Residual ratio: 100%
O: Residual ratio: 90% or more and less than 100%
A: Residual ratio: 80% or more and less than 90%
X: Residual ratio: 70% or more and less than 80%

(4) Conductivity

The surface resistance was measured at ten points on

the surface-tresated metal sheet obtained (resin-coated

steel sheet) by using a surface resistance meter {Loresta
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reaction to proceed, to give an aqueous pol yuret hane
resin dispersion (nonvolatile resin conponent: 29.1%
and acid value: 41.4). 20 [Preparation of the aqueous
et hyl ene-unsaturated carboxylic acid copol yner

di spersion] In an enuIS|fy| 9 aut ocl ave equi pped with a

stirrer, a thernoneter, a tenperature controller
having a capacity of 0.8 L, pl aced were 626 parts by
mass of water, 160 parts 25 by mass of ethylene-acrylic
dth . d fopodlyeet vpacryhnefactdrdd b20Dif% bystrasentel Co.,
index (M): 300); then, triethylamne and sodi um

Hyttt oxi de were added respectively in amounts of 40
nole % and 15 nole % respectively with respect to 1
mBwalwdtide earboxyi) group in the ethylene-acrylic
acid 5 copolyner; and the m xture was stirred at high

speed b aF 1R, QRRERK A 06 andhoRaand Hdhen

cooled to 40C, to gi ve an aqueous et hyl ene-acrylic

aoi; d1capobymal. (i, SBeks Io%rlomeri tihd /MR AGURRUS
di spersi on added was

bis (gt by %&ellr@fgocaarn%owl g phem gRLheng o

(Chenmitite(r) 10 'DZ- 22E, manufacture ppon
Shokybah G mdldd. hn@So@erﬁr%ﬁﬁkith@%/%%%n%d&%
parts by

anbunt of 5 parts by nmass Wit respect to

mass 0(5”}%19?“%% a&é&fegg%nerggggeggré of the

et hyl ene-acrylic acid copo r eparation of

SucoNE {EBLTy A4 20 S 2CE L ERLCHe B e
Qﬂ&&ﬁgé§gﬁéﬂ§%éﬁkLWé%Iﬁg@ﬂéﬁsﬁgnufactured by Nihon
Parkerizing Cc., Ltd.) at concentration of 20 g/l
previously adjusted to liquid temperature of 60°C for 2
minutes; the sample was then taken out, washed with water,
dried and subjected to Salt Water-Spraying test according
to JIS Z2371; and a period until white rust appears in the
amount of 1% was determined to be ranked as follows.
(Evaluation criteria)

©: 168 hours or more

O: 96 hours or more and less then 168 hours

A 48 hours or more and less than 96 hours

X: Less than 48 hours

[Preparation of the aqueous carboxyl group-containing

polyurethane rasin solution]

In a reaction vessel having a capacity of 0.8 L
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sol ution and the aqueous ethyl ene-acrylic acid

copol yner 20 di spersion obtained above, and the silica
particles (Snowtex XS, manufactured by N ssan Chem ca
Industries Ltd., average particle size: 4 to 6 nm

wer e conpounded at the conpqQunding ratio shown in

Table 1 in a total amount oft9 100 parts by nmass as
nonvol ati |l e conponents, and y 25

gl yci doxypropyl tri met hoxyl si |l ane (KBMA03, manufact ured
BAurpShi wiEhsa €héntenl Cothekmdmptess added asmperature
sil ane- coupling agent in an anmount of 15 parts by mass
vignt ro bskpect pt acetewentéab0off 4B0ppaytetbymensglehe ether
give an aqueous resin solution. 5 The aqueous resin

splyto bn(aasrappl netleont ort heigsut f ac600f RapuFgecziped by
el ectropl ated steel sheet with a squeezing roll and
dHodslyaya aChbeetal eoper atude @6 90601481 BbMBoAent, 14 g of
surface-treated netal sheet (resin-coated stee
sheptdycWbhdxane@shathahdl f osABd2bngapradhgst RP18MOPRbpionic
of 10 0.4 g/ nR2. Corrosion resistance, conductivity,

alyiag] odndrestist anegl1 ¢l k@l ong degnenstNYg:1£e5L8t 8368e as a
coating property (film adhesiveness), and Others of

the desbm-s6 0ok RE . St el ghegt &@[§o@¥§h§@&e@he§ggn59§er,
results are summarized 1n Table 1. 15 The pure zinc

eleed F ok at §ds sheel sheefppepd YB84R as an iSOC{%%ate

non-chromate-treated el ectropl ated”steel sheet

gt ARYNaaE PhdFerdNTahd! EHBORTcOrE MDY né3ted to
80 to 85°C and left for 5 hours to allow the reaction to
proceed. The prepolymer obtained had a NCO content of 8.9%.
Then, after neutralization by addition of 15 g of
triethylamine and addition of a mixed aqueous solution of
16 g of ethylenediamine and 480 g of water, the mixture was
enulsified at 50°C for 4 hours to allow a chain-extending
reaction to proceed, to give an aqueous polyurethane resin
dispersion (ncnvolatile resin component: 29.1%, and acid

value: 41.4).

[Preparation of the aqueous ethylene-unsaturated
carboxylic acid copolymer dispersion]

In an emulsifying autoclave equipped with a stirrer, a
thermometer, and a temperature controller having a capacity
of 0.8 L, placed were 626 parts by mass of water, 160 parts

by mass of ethylene-acrylic acid ccpolymer (acrylic acid
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20: % by mass, melt index (MI): 300); then, triethylamine
and sodium hydroxide were added respectively in amounts of
40 mole % and 15 mole % respectively with respect to 1 mole
of the carboxyl group in the ethylene-acrylic acid
copolymer; and the mixture was stirred at high speed in an
environment at 150°C and 5Pa and then cooled to 40°C, to
give an aqueous ethylene-acrylic acid copolymer dispersion.
Then, to the agqueous dispersion added was 4,4'-

bis (ethyleneiminocarbonyamino)diphenylmethane (Chemitite®
DZ-22E, manufactured by Nippon Shokubai Co., Ltd.) as a
crosslinking agent in an amount of 5 parts by mass with
respect to 100 parts by mass of the nonvolatile resin

component of the ethylene-acrylic acid copolymer.

[Preparation of agqueous resin solution and surface-
treated metal sheet]

(Example 1)

The aquecus carboxyl group-containing urethane resin
solution and the aqueous ethylene-acrylic acid copolymer
dispersion obtained above, and the silica particles
(Snowtex XS, rmanufactured by Nissan Chemical Industries
Ltd., average particle size: 4 to 6 nm) were compounded at
the compounding ratio shown in Table 1 in a total amount of
100 parts by mass as nonvolatile components, and y-

glycidoxypropyltrimethoxylsilane (XBM403, manufactured by
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Shin-Etsu Chemical Co., Ltd.} was added as a silane-
coupling agent in an amount of 15 parts by mass with
respect to the total of 100 parts by mass, to give an
agueous resin sclution.

The aqueous resin solution was applied onto the
surface of a pure zinc electroplated steel sheet with a
squeezing roll and dried at a sheet temperature of 90°C, to
give a surface-treated metal sheet (resin-coated steel
sheet)} with a resin film formed in an adhesion amount of
0.4 g/m®. Corrosion resistance, conductivity, abrasion
resistance, alkaline degreasing resistance, coating
property (film adhesiveness), and others of the resin-
coated steel sheet were evaluated, and the results are
summarized in Table 1.

The pure zinc electroplated steel sheet used was a
non-chromate-treated electroplated steel sheet (2Zn adhesion

amount: 20 g/m?, and thickness: 0.8 mm).
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resi stance, al kaline degreasing resistance and film

adhesi veness. Steel sheets Nos. 17 and 18, which contain
the nonvol atile resin conponents in an anmount of nore

than 25 45 parts by nmass, showed deterioration in
conductivity and 45 abrasign resistance. Steel sheets
Nos. 19 and 20, which contail an excessive ratio of the
car boxyl group-containing polyurethane resin to the

et hyl ene-unsaturated carboxylic acid copolyners in the
nonvol 3t¢ek sestns clioponeht §¢ $homed S5udébeeitratited metal
corrosion resistance, abrasion resistance, alkaline
deprebsiviptn esi s¢eahcefiandpfeparadhestiearsaquedtigelresin
sheet No. 21, which has an excessively lowratio of the
csw boxiydn gricup - sgméai i pgspal yal et hanecorshinkothBeaqueous
et hyl ene-unsat urated carboxylic acid copolyners in the

16k reswapl adtdigpf €Shba COMPGNENL surshewed ak§9n solution and
deterioration in corrosion resistance, abrasion

rgsd Sdneess abkiay 1 &ge-deghcashngdr esksbantec apdqf thpblymer
adhesi veness. (Exanple 2) 15 The aqueous car boxyl

H D3 EOMH 1 1 NG PRhYUREL HANS thesbNpspt Ut honmand the
aqueous et hyl ene-acrylic acid copolyner dispersion

airaidied Bhove, s aNd-dREoREhESa aRATEL€Les WBEGicle in an

conpounded respectively in anobunts of 30 parts by nass

A1Vl At d e § egé %gggyogg%gs@ndiﬁotﬁér ESt29 Q»ﬁoﬁg%sof
as silica particles in a total anount of 100 parts y

'ﬁﬁﬁ%pé?ﬁ%tg§5éﬁé§Peéﬁgug#§??gﬁgggﬁéxa%% silan —coﬁpééng

gl yci'doxypr opyl tri nmet hoxy manur act

g%’jgdelr%”ir}i %é%m Caf &0pq, bEDL) p@S,AA480: with respect to

tionally 1n an
the total amount of 100 parts by mass; and the compounding

ratios of the nonvolatile resin component in the aqueous
polyurethane resin solution (PU) to the nonvolatile resin
component in the aqueous ethylene-unsaturated carboxylic
acid copolymer dispersion (EC) (PU:EC) were 9:1 to 2:1 by
mass. All of these steel sheets are superior in corrosion
resistance, conductivity, abrasion resistance, alkaline
degreasing resistance, and coating property (film
adhesiveness). Steel sheets Nos. 15 and 16, which contain
the nonvolatile resin components in an amount of less than
5 parts by mass, showed deterioration in corrosion
resistance, alkaline degreasing resistance and film
adhesiveness. Steel sheets Nos.l1l7 and 18, which contain
the nonvolatile resin components in an amount of more than

45 parts by mass, showed deterioration in conductivity and
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amount of O to 30 parts by nass with respect to the
total 25 100 parts by mass, to give an agueous resin
solution. The 46 silica particles used were Snow ex XS
manuf actured by N ssan Chem cal Industries Ltd.
(average particle size: 4 tQ 6 nn), and the
conpoundi ng rati o of the carboxyl group- containing

pol yuret hane resin (PC) to the ethylene S unsaturated
carboxylic acid copolynmer (EC) in nonvolatile resin

capmeseat {3 EQnyes SsteeThehagueonssl esi Angokuti @Rich
was applied onto the surface of a pure zinc

ebactd opl Bt etk sd el vehpstisuskagge MhtHoR §qg§§ébngontaining
roll and dried at a sheet tenperature of

BYBErStidacerd s gated aﬁéaétﬁp@@aeLﬁﬁ%eusg%edca%s&yllc

sheet) with a resin filmfornmed in an adhesi on anount

ofc 4 A Y dBymdhe c@r@ﬁélﬁw@o@stws isgm Eblngbnents, showed

corrosion Tesistance, conductivit rasi o

& St ANCS A kal | éﬁﬁrgggéxﬁa?%gﬂig&ﬁ&ét aggﬁa?g.éhg}:ggllstancef

adhesi veness, and others o resf n-coa

shegt, o ?ékﬁxdelﬁ\%{r?g ef’@%_ﬁ@&&&cgndaﬁgef ﬁsg!ﬂlé ?(ergness.

sunmarl ze ure zinc e ctro

2% %rdﬁf§%63§gg%2533 ?o??% E%%%%n gnggn owygatio of
gél{reﬁ carr})oxyl']i Ccir(rnc?usps con?aMng pof';uré\ltr-l;axl}le ge’s\lln to the
ethylene-unsaturated carboxylic acid copolymers in the
nonvolatile resin components, showed also deterioration in

corrosion resistance, abrasion resistance, alkaline

degreasing resistance, and film adhesiveness.

{(Example 2)

The aqueous carboxyl group-containing polyurethane
resin solutionr and the aqueous ethylene-acrylic acid
copolymer dispersion obtained above, and the silica
particles were compounded respectively in amounts of 30
parts by mass as nonvolatile resin components and 70 parts
by mass as silica particles in a total amount of 100 parts
by mass, and the silane-coupling agent vy-
glycidoxypropyltrimethoxylsilane (KBM403, manufactured by
Shin-Etsu Chemical Co., Ltd.) was added additionally in an
amount of 0 to 30 parts by mass with respect to the total

100 parts by mass, to give an aqueous resin solution. The
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silica particles used were Snowtex XS manufactured by
Nissan Chemiczl Industries Ltd. (average particle size: 4
to 6 nm), and the compcounding ratio of the carboxyl group-
containing polyurethane resin (PC) to the ethylene-
unsaturated carboxylic acid copolymer (EC) in nonvolatile
resin componert (PC:EC) was 5:1.

The agquecus resin solution was applied ontec the
surface of a pure zinc electroplated steel sheest surface
with a squeezing roll and dried at a sheet temperature of
90°C, to give a surface-treated metal sheet (resin-coated
steel sheet) with a resin film formed in an adhesion amount
of 0.4 g/m*. The composition of the resin film, corrosion
resistance, conductivity, abrasion resistance, alkaline
degreasing resistance, film adhesiveness, and others of the

resin-coated steel sheet obtained were evaluated and the

- results are summarized in Table 2.

The pure zinc electroplated steel sheet used was a
non-chromate-treated electroplated steel sheet (Zn adhesion

amount: 20 g/m?, and thickness: 0.8 mm).
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tdmG C) G NtUNN Fcoy 15inu) in4v) O0in 48
As clearly shown in Table 2, it was possible to produce
a surface-treated netal sheet superior in corrosion
resi stance, conductivity, abrasion resistance, alkaline
degreasi ng resistance, and fil m adhesi veness, by
preparing 5 an aqueous resi ol ution for use in the
present invention by adding the aqueous carboxyl
group-cont ai ni ng pol yurethane resin solution and the

aqueouﬁse&bahgm9-sﬁa§ﬁtyﬁa@sglea@bO&x'uésagbgsigee'¥BEf
to 45 parts

di spersion in a total amount of 5 Yy NMass

%%6§W¥Q|§FEﬁ§f5@§L9ré9t§Sg@8F§Ttgge%g?FéBErngiEg corrosion

particles in an anmount 0 y nass,
t t b nd. Ltiona ,
CheoLs PARCEL oo alge BALED PhoBRSSng, fPY3PPantg Sekh1ine

. ITAS i pe to.the_total amunt of 100 .
e gy R Ee LR o o e Be e BHReF B nFPBAring

d_by. m Xi the _-polyurethape resin agueous .

B A YR LB R RS MREThe, bRpcSBE PRl BBVEnc on
%%Pq;%ngé dgsgersion obt ai ned ?bove, 20 the silica
BAY t2THI haUT ngTARC WY eT aGROPYT t PEPEPSFOREBIRRIt 0 100
nn1(Snom@§x series nagufactured pg Ni ssan Cheni ca
RIS T SO RE o §5 17 e3pERE T ORI §PFintRet BHAPORORRARY 4180
parts py mass as_nonvol atile resin conponents and in an
unsaturated carboxylic acid copolymer dispersion in a total
amount of 5 tc 45 parts by mass as nonvolatile resin
components, and the silica particles in an amount of 55 to
95 parts by mass, in a total amount of 100 parts by mass,
and additionally the silane-coupling agent in an amount of

5 to 25 parts by mass with respect to the total amount of

100 parts by rass.

(Example 3)

An aqueous resin solution was prepared by mixing the
polyurethane resin aqueous solution and the aqueous
ethylene-acrylic acid copolymer dispersion obtained above,
the silica particles having an average particle size of 4
to 100 nm (Snowtex series, manufactured by Nissan Chemical
Industries Ltd.), respectively in a total amount of 30
parts by mass as nonvolatile resin components and in an
amount of 70 parts by mass as silica particles, in a total

amount of 10C parts by mass, and additionally the silane-
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anmount of 70 parts by nmass as silica particles, in a
total 25 anmount of 100 parts by nass, and additionally
the silane 49 coupling agent

y-gl yci doxypropyl tri met hoxyl silane (rmanufactured by
Shi n-Etsu Chem cal Co., Ltd. KBMA03) in an anount of
15 parts by nmass with respeé? to the total 100 parts
by mass. The ratio of the carboxyl group-containing 5
pol yuret hane resin (PC) to the ethyl ene-unsaturated
aaroiig cagend gopbyyidsx (EC)piyDtnon¥ehakiyleilegen
conponent (PC EC) was 5:1 by mass. The aqueous resin
s@latiu fic yese Py | 88 L Ost hehefUEhaCec0f BtAUr eKBMAO03) in
electroplated steel sheet surface 10 with a squeezing

rai laredth€rd £d1 atparehesy hespenattr 29he88C ot PnEI ¥8+81 100
surface-treated netal sheet (resin-coated steel sheet)

'\%éﬂtéiﬂﬁﬁﬂﬁbé||nTﬁ@rFEQLéno?ntﬁgh§§kBBx?ﬂD§P5upQEoHtﬁlnlng

The conposition of the resin film  corrosion

fﬁﬂﬁmn&w@%ﬁ' Yoy, té‘bﬁﬁé' QEhg@éhétéﬂggtu%'ﬁ@h' ne

egreasl ng resi st ance, I veness, and others

t.qb
evaﬁ‘ Ry LS ARl %Ft% 2“?{2%%%?#2@3&?%%?&&
éhglpﬁ:eégpt&gglgtfdb%} sheet used was a

non chromate-freated eleciro 28 steel sheet (Zn

ggheig e‘%ggggg#ns%eet %éggabgﬁgg%?' Eéfab?rgggggg%é
RSB 14, 002! 00, M KO IR, CORL LIS, BEIB o M e
%ﬂhﬁ?%ygﬂ§hggzing roll and dried at a sheet temperature of
90°C, to give a surface-treated metal sheet (resin-coated
steel sheet) with a resin film formed in an adhesion amount
of 0.4 g/m®. The composition of the resin film, corrosion
resistance, ccnductivity, abrasion reéistance, alkaline
degreasing resistance, film adhesiveness, and others of the
resin-coated steel sheet obtained were evaluated and the
results are summarized in Table 3.

The pure zinc electroplated steel sheet used was a
non-chromate-treated electroplated steel sheet (Zn adhesion

amount: 20 g/r?, and thickness: 0.8 mm).
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particles (nm resistance steel sheet 30 4-6 Q@ (c) Q
Q@ O steel sheet 31 10-20 OO OO0 0 O steel sheet 32
40-60 0 x x x x steel sheet 33 70-100 A x X X X As
clearly shown by the results in Table 3, it was
possi bl e to produce a surfagﬁ-treat ed netal sheet

S

superior 5 in corrosion re tance, conductivity,

abrasi on resi stance, al kali ne degreasi ng resistance,
and fil m adhesi veness, by wusing the silica particle
tﬂabk@ an aver age particle size of 4 to 20 run. 10

A
Xafp e AR GHEeoYS r-estn-soelution was—prepar ed \

el wgett he AVB’GFWF’QP h&REosiops Fendeptidty | doeibrut | Akpligend [t Grating property
dfueous gtfrgpeie acr ydsisenacj d copol ymsistackies pey@asing | (film adhesiveness)
bt ai ned dlrewides (nand [t he siljca parti|cl es (npRidtaes Ur ed

hyeeNhss 60 {Chenical 1% | ngustyi ef@Ltd. Sn@yvt ek X

ImourtTrcTo UI

teashesh?d d andtA. paifts By npss as silica partixles in

4 e Fal @

LV er grti € STz 410 M —Tespectivery—+t
X?,QL?E&E:‘P 30 q?rof s—by r@gg aS onval atPle resih ©
X
x

ateticheaxt 3lMOUNIC~000 100 pasts by mass, |andx additional|y

the silane-coupling agent shown in Tabl'e 4 in 20 an
anmount of 13 parts by nmass with respect to the total

100 rts by mass. The ratio of the carboxyl
group%ﬁ)rﬁla?%lfﬂﬁ %kiowﬁ‘)otPX/u?lé? ha®el + 88 A ( l?o3t hkt was

t hyl ene- unsaturat ed carboxylic acid copol (EQ) in
RERAIEAS [ rRsrane T ohpOHe Ce P e e dae ba ralyeﬁﬁsssuperlor

in corrosion resistance, conductivity, abrasion resistance,
alkaline degreasing resistance, and film adhesiveness, by
using the silica particle having an average particle size

of 4 to 20 nm.

(Example 4)

An aqueous resin solution was prepared by mixing the
polyurethane resin aqueous solution and the agueous
ethylene-acrylic acid copolymer dispersion obtained above,
and the silica part;cles (manufactured by Nissan Chemical
Industries Ltd. Snowtex X5, average particle size 4 to 6
mm) respectively in amounts of 30 parts by mass as
nonvelatile resin components and 70 parts by mass as silica
particles in a total amount of 100 parts by mass, and
additionally the silane-coupling agent shown in Table 4 in
an amount of 15 parts by mass with respect to the total 100

parts by mass. The ratio of the carboxyl group-containing
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The aqueous resin solution was applied onto the 5
surface of the pure zinc electroplated steel sheet
surface wth a squeezing roll and dried at a sheet
tenperature of 90C, to give a surface-treated netal
sheet (resin-coated steel 5I{eet) with aresin film
formed i n an adhesi on anount’® of 0.4 g/m 2. The

conmposi tion of the resin film corrosion 10 resistance,
conductivity, abrasion resistance, al kaline degreasing

reslghoeckeanti Fesadhescyenessheandhotbees udfsattheated
resi n-coated steel sheet obtai ned were eval uated and

téerbsegll ¢ Saare supoRiheaed (E0) Tahlﬁoﬁvoiaela%r%eéuﬁc
el ectropl ated steel sheet used was the

nesmsdr ot ept F eaf edasl sctrppl aked st eel Sheet (Zn
adhesi on amount: 20 g/n2, and thickness: 0.8 mm). 52

21- “ g@he Oatgué‘éug @s@n' sblugloﬂ {aB %Ell%dogn‘fo EnY

surface of the pure zinc electroplated steel sheet surface
with a squeezing roll and dried at a sheet temperature of
90°C, to give a surface-treated metal sheet {resin-coated
steel sheet) with a resin film formed in an adhesion amount
of 0.4 g/m®. The composition of the resin film, corrosion
resistance, conductivity, abrasion resistance, alkaline
degreasing resistance, film adhesiveness, and others of the
resin-coated steel sheet obtained were evaluated and the
results are summarized in Table 4.

The pure zinc electroplated steel sheet used was the
non-chromate-treated electroplated steel sheet (Zn adhesion

amount: 20 g/m®, and thickness: 0.8 mm).
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vg OCC mmm(4inCN xmCT ONO ONxCT
mcyaOoNTLC TCLxxmE OCEOLOC CO
Q3 ammT> onOEox OTTO 0. CLmx Xino
MmMCL 0 mOCdO UCCENa=>0QEEoOVLt() mr
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As clearly shown by the results in Table 4, it was
possible to prepare an aqueous resin solution for forming a
film superior in stability and thus to prepare a surface-
treated metal sheet superior in corrosion resistance,
abrasion resistance, and film adhesiveness by using the
silane-coupling agent having a glycidyl group at the

terminal.

{(Example 5)

An aqueous resin solution was prepared by mixing the
polyurethane resin aqueous solution and the aqueous
ethylene-acrylic acid copolymer dispersion obtained above
and the silica particles (Snowtex XS, manufactured by
Nissan Chemical Industries Ltd.) respectively in amounts of
30 parts by mass as nonvolatile resin component and 790
patts by mass as silica particles in a total amount of 100
parts by mass and additionally the silane-coupling agent y-
glycidoxypropyltrimethoxylsilane (KBM403, manufactured by
Shin-Etsu Chemical Co., Ltd.) in an amount of 15 parts by
mass with respect to the total 100 parts by mass. The
ratio of the carboxyl group-containing polyurethane resin
(PC) to the ethylene-unsaturated carboxylic acid copolymer
(EC) in nonvolatile resin component (PC:EC) was 5:1 by mass.

The agqueous resin solution was applied onto the

surface of the pure zinc electroplated steel sheet surface
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clearly shown by the results in Table 4, it was

possi bl e to prepare an aqueous resin solution for

formng a filmsuperior in stability and thus to

prepare a surface- treated tal sheet superior in
corrosion resistance, S abrasion resistance, and film

adhesi veness by using the silane-coupling agent having
awgtycadghugeatipgatothe unternvaali outEXMRIES 19k #%e@%ure and
aqueous resin solution was prepared by m xi ng 't he

p@tyuﬁehhaﬂeshééEntéﬁééQﬁ%u%@|BEi@@°@Udtbh%i%%u%o%§rface“
e

.ethyl ene-acrylic acid copol yner di spersion obtain

abpyetedndethe §héé€a(Bé%&hch%ﬁfééngw%%§_éﬁeetg))with a

manuf actured by N ssan Chemi cal Industries Lt

respest eyehy rhPnafAoyRt %nOfad%%sggnp%Ho%nQy ob@%ﬁ & to 2.0 g/m?.
nonvol atil e resin conponent and 70 parts by mass as

. . C . . O L . ) o . r S b
Sthé Cao tielss bFI fnk E@;Ilfl“?!ﬂ% %P%%gélg)gie%tesﬁétance,

mass and additionally the silane-cou

LA ONYRLOPY SOLIEI DAXKLSS L RARCE O 37 BRHEA LSS,

Shin-Ets e i n~an-anoun

PS4 B Bin 0, TPOEn MhARaLERREEL S OablCatRER, 2A0:RATERIN-

nass. e rat e carboxyl “grou ini
p@éyfjéc‘ftg@gglrgﬁégt obtained were evaluated and the results

are summarized in Table 5.
The pure zinc electroplated steel sheet used was the
non-chromate-treated electroplated steel sheet (Zn adhesion

amount: 20 g/mz, and thickness: 0.8 mm).

Table 5

Steel sheet No. | Adhesion | Corrosion | Conductivity | Abrasion Alkaline Coating property
amount | resistance resistance | degreasing | (film adhesiveness)
(g/m?) resistance

steel sheet 40 0.05 O © O O O

steel sheet 41 0.1 O © O O &)

steel sheet 42 0.3 © © © © ©

steel sheet 43 0.5 © @ © © ©

steel sheet 44 0.8 © O © © ©

steel sheet 45 0.01 X © X X X

steel sheet 46 1.5 © X O © X

steef sheet 47 2.0 © X A © X

As clearly shown in Table 5, it was possible to
prepare a surface-treated metal sheet superior in corrosion

resistance, conductivity, abrasion resistance, and film



(PC) to the ethyl ene-unsaturated carboxylic acid

copolynmer (EC) in nonvolatile resin conmponent (PC. EC

was 5:1 by mass. The aqueous resin solution was applied

onto the 25 surface of the pure zinc electroplated

steel sheet surface 54 mﬁtg a squeezing roll under

vari ous squeezi ng pressure Ad dried at a sheet

tenperature of 90C, to give a surface- treated netal

sheet (resin-coated steel sheets) with a resin film
fadivedivenessaghesbnbramuny ah QdPRstion? aRc¥W o tIRe resin
conposition of the resin film corrosion resistance,
CONCHR VAt detADr 35000 KESkERARGRgabkali BG %%grleg%hﬂg
resi stance, film adhesiveness, ang ot hers of thé résin-
coated steel sheet obtained were evaluated and the
results are summarized in Table 5. 10 The pure zinc

el ectropl ated steel sheet used was the
non-chromate-treated el ectropl ated steel sheet (Zn
adhesion anount: 20 g/ n2, and thickness: 0.8 nm.
Table 5 Steel sheet No. Adhesion Corrosion Conductivity
Abr asi on Al kal i ne Coating property anount resistance
resi stance degreasing (film adhesiveness) (g/nR)

resi stance steel sheet 40 0.05 0 (c¢c) 0 O O steel sheet
41 0.1 0 (c) O O po steel sheet 42 0.3 (c) (c) (c) (c)
O(c) steel sheet 43 0.5 (c) (c) (c) po steel sheet 44
0.8 OO0 OO OO po steel sheet 45 0.01 x (c) X X X



steel sheet 46 1.5 OO x 0 (c) x steel sheet 47 2.0 (c)
X A(c) x 15 As clearly shown in Table S, it was
possible to prepare a surface-treated netal sheet
superior in corrosion resistance, conductivity,
abrasion resistance, and filgn 55 adhesiveness by
controlling an adhesi on anounit of the resin filmon a
netal sheet in the range of 0.05 to 1 g/n2. 56 CLAIM
1. A surface-treated netal sheet with a resin film 5
coated thereon. obtained froman aqueous resin

sol ution; the aqueous resin solution, conprising: an
aqueous carboxyl group-containing pol yurethane resin
sol uti on and an aqueous et hyl ene-unsat urat ed

car boxailamMsci d copol yner dispersion in an anmount of 5
to 10 45 parts by mass as nonvol atile resin conponents,

silica. patigtLscdhayi iy & myesRgehPart vetr i Z8s0h 4ilm
to 20 run in an anmount of 55 to 95 parts by nmss, a

codtlecariib e dd¥Eairesd NESEh W OAGueddst hesshl s6aution;
particles being 100 parts by mass; and 15 a sil ane

coupl itk agaiolnd A4k asdtutofon, t@orkSrPathg§: by mass
with respect to the total ampount of the resin

sol ut izgns @b e St d:6R RAFd S €Sn 041 ARy P61 $ub¥thane
mass; the conpounding ratio of the nonvolatile resin
%%%)ngamﬂwrh%@L@p%&g&dyr@@wﬂ@né%wawwéé&n
carboxylic acid copeolymer dispersion in an amount of 5 to
45 parts by mass as nonvolatile resin components, silica
particles having an average partiéle size of 4 to 20 nm in
an amount of &5 to 95 parts by mass,

a total amount of the resin solutions and the silica
particles being 100 parts by mass; and

a silane coupling agent in an amount of 5 to 25 parts
by mass with respect to the total amount of the resin
solutions and the silica particles'of 100 parts by mass;

the compounding ratio of the nonvolatile resin
component in the aqueous polyurethane resin sclution (PU)
to the nonvelatile resin component in the aqueous ethylene-
unsaturated carboxylic acid copolymer dispersion (EC) being
9:1 to 2:1.

2. The surface-treated metal sheet according to claim
1, wherein the carboxyl group-containing polyurethane resin

is a resin prepared in the chain-extending reaction of a
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20 to the nonvolatile resin conponent in the aqueous
et hyl ene unsaturated carboxylic acid copol yner

di spersion (EC) being 9:1to 2:1. 2. The
surface-treated netal sheet according to claim 1,
wherei n the carboxyl group- gntaining pol yur et hane
resin 25 is a resin prepar i n the chain-extending
reaction of a 57 wurethane prepolynmer with a chain

ext ender, a pol yi socyanate conponent constituting the
Ut aaree prepolymer Wstht al ehstinoreteodeayund sel ect ed
fromthe group consisting of tolylene diisocyanate,

di phery|pel hasec§adatsocyapahentandngitdyaltohexyheetbantane
di i socyanate, and polyol conponents constituting the

wstgahener epsl ytrel eabcbhdecahpbeasdt selected from the group
1, 4-cycl ohexanedi met hanol , a pol yether polyol, and a

podrysad s teomd ab i DYL /LEAE baxyhogygﬂates dIbﬁenylmethane
surface-treated nmetal sheet according to claim 10 2,

whiel dy det €habhndeyi epdeshiRy hbByhenedhankBeyQhate, and
hydrazi ne. 4 The surface-treated netal sheet according

to cl ébcm wlﬁﬁ@h@n@s%ﬁsﬁﬁﬁh@ 8k th th L
1,4-cyclo exane met hanol to the lpg ye?hgfepofne prepolymer

Tk il 9. 1d5s 5. lW%?é‘Ic‘S@é}@aﬁé&%SthﬁEi" §h§ ether

according to claim 2, wherein the polyether

wwlypré}ml§n§og#(¥90&on9élﬁ%k%e ' £3FBh ¥he§§ & her

gl ycol . The 'surtace-treate cording to

Slghgt%én{gﬁﬁ{%%Pf %ﬁ}@%ﬂgﬁgg%ggﬁegerQ%éx%dlag to claim
- @Hﬂﬁbln the chain extender is ethylenediamine or
hydrazine.

4. The surface-treated metal sheet according to claim
1, wherein a mass ratio of 1,4-cyclohexanedimethanol to the
polyether polyol is 1:1 to 1:19.

5. The surface-treated metal sheet according to claim
2, wherein the polyether polyol is polyoxypropylene glycol
or polytetramethylene ether glycol.

6. The surface-treated metal sheet according to claim
1, wherein an acid value of the carboxyl group-containing
polyurethane resin is 10 to 60 mg-KOH/g.

7. The surface-treated metal sheet according to claim
1, wherein the aqueous ethylene-unsaturated carboxylic acid
copolymer dispersion contains, in addition to the ethylene-

unsaturated carboxylic acid copolymer, an amine having a

boiling point of 100°C or lower in an amount equivalent to
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7. The surface-treated netal sheet according to claim
1, wherein the aqueous ethyl ene-unsaturated carboxylic
acid copolyner dispersion contains, in addition to the
et hyl ene- unsaturated carboxylic acid copol ynmer, an

am ne having a 25 boiling pg%nt of 100C or lower in an
anount equivalent to 58 0.2%to 0.8 nole with respect
to 1 nole of the carboxyl group in the

et hyl ene-unsat urated carboxylic acid copolyner, and a
dbﬁ%ﬁaréht8n®®é¢ ¢bhpouadpent ahoabouniceqdi takentrboxyl
0.02 to 0.4 nole with respect to 1 nole of the carboxyl
Srgruppin nthéee ehhyéraeunssatnsatddcaabbayyliiccaacidcopolymer,
copolynmer. 8. The surface-treated netal sheet

suebraimgndea bémt ne a1 whempbiné henebhyhapantnsahuvat et to
carboxylic acid copolyner is a copolyner containing an

U< urcat®dd maldonyth crasheceomponens1noantAE0HAFLOky ]
10 to 40 % by 10 mass. 9. The surface-treated netal

shregip agcarkk ngthpl Sh@t MhsLtu kL8l Bakh8x M B RaMI BGpo1 ymer .
the boiling point of 100C or |lower is triethylamne.

10. The surHacutfeadedraRiad nbeel 8860tdLRYLLAIndSto claim
claim1, wherein the aqueous ethylene-unsaturateé

aar hevard i agid Sopel ynery, i spersion é&EE?SgﬁS”@E}iﬁes

a crosslinking agent having two or nore ctiona

King ag: . f
D et & o it TP a0 ) BBl Rty ©

RSBy tihe af@i&‘oéﬁ’n%ﬁéﬁ@ {854 %ggﬁﬁ?@egkslé% Apyé he,

aqueous et hyl ene- unsaturated carboxylirc acid copol yner
dizsRer si on.

9. The surface-treated metal sheet according to claim
7, wherein the amine havihg the boiling point of 100°C or
lower is triethylamine.

10. The surface-treated metal sheet according to
claim 1, wherein the aqueous ethylene-unsaturated
carboxylic acid copolymer dispersion further comprises a
crosslinking agent having two or more functional groups
reactive with a carboxyl group in an amount of 1 to 20
parts by mass with respect to 100 parts by mass of the
nonvolatile resin components (EC) in the aqueous ethylene-
unsaturated carboxylic acid copolymer dispersion.

11. The surface-treated metal sheet according to
claim 1, wherein the aqueous ethylene-unsaturated
carboxylic acid copolymer dispersion does not substantially

contain an amine having a boiling point of over 100°C or
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11. The surface-treated nmetal sheet according to claim
1, wherein the aqueous ethyl ene-unsaturated carboxylic
aci d copol yner dispersion does not substantially 25
contain an am ne having a boiling point of over 100C or
59 anmmonia. 12. The surfacgbtreated met al sheet
according to claim1l1, wheren the silane-coupling
agent is a silane- coupling agent represented by the
following chemcal 5 fornmula (1): R2 RI-X-Si -Ra (
AMUOIRA i n which R represents a gl ycidoxy group, R2
and R3 represent respectively a | ower al koxy group, R4
represieht s TH® sutbaee-brkergdomebkyEhgeaupccandiXg to
represents a | ower al kylene group. 13. The

surdiac et vead ecli methé sheeheacsaptling kgenel asmalsilane-
wherein an anmount of the resin filmadhered is 0.05 to
leqgipi?inaf tegemly yr@gresented by the following chemical

formula (1):

R2

I
R1—X—S i —Ra £1)

|

R4

in which R' represents a glycidoxy group, R? and R’
represent respectively a lower alkoxy group, R’ represents
2 lower alkoxy or alkyl group, and X represents a lower
alkylene group.

13. The surface-treated metal sheet according to
claim 1, wherein an amount of the resin film adhered is

0.05 to 1 g/m® after drying.



