RESI N- COATED METAL SHEET AND MANUFACTURI NG METHOD THEREOF BACKGROUND OF
THE | NVENTI ON The present invention relates to a resin-coated netal

sheet excellent in corrosion resistance which is preferably enployable
for use in household electrics, construction materials, or the |ike, and
a manufacturing nmethod thereof. Conventionally, as the netal sheets

enpl oyabl e for use in household electronics and construction materials,
ot her than alum num sheets and stainless steel sheets, surface treated
steel sheets such as el ectrogal vani zed steel sheets and hot-dip

gal vani z ®REsheaordice ME Thay SHREINd N wrderrange1et MsesopOatirrebrt hese,

t he gal vani zed type surface-treated steel sheets have been
conventionally subjected to a chronate treatnment or a phosphate
treatment, and wi dely used for various structural conponents of acoustic
instrunments, conputer c&EHFEEVBD afd THEh@NVaNTooNpl at es of m crowave
ovens, including predom nantly household el ectronics. However, in recent
years, the |eVak presend db¥estinpetdslhbdest hese sasfaceohtedt mdtsteel
sheets has becone increasingly higher, leading up to a denmand for

var i ous ShEetme¥ecefdemindas CoFspséranpksisthpnet Weishr facprefeatkbiyst eel
sheets are_ used in _the bare form they are required to have the

corrosi GPLPYSbdranEer (W giBunePweehe bperalectirtiasant cohshgee piont
propert¥(1 uch that fin%erpnints are | ess conspi cuous even when attached
t her eonT&Y5E 1@1Smi O3 th&sitdtkgnc 8Nt RemeBREARTREEPENMeEBedst Aateof and t he
| i ke agai nst gn al k a.solvent, or the 1 like. \Wiereas, when the steel

i,
sheets are pr QQVFBEﬁéHab}Y'b?ﬁh?%%ﬂn§ siyes tse GUPLOY ad eh40E vhe

lUbrid‘ﬂhhé&ﬁ%ﬁéﬁ¥%lectronicsandconstructionnmterials,otherthan
aluminum sheets and stainless steel sheets, surfzce treated
steelsheetssuchaseﬂectrogalvanizedsteelsheetsandhot—dip
galvanized steel sheets have found a wide range of uses. Out
of these, the galvanized type surface-treated steel sheets have
been conventionally subjected to a chromate treatment or a
phosphate treatment, andé widely used for various struétural
components of acoustic instruments, computer components, and
the bottom plates of microwave ovens, including preccminantly
household electronics. However, in recent years, the level of
the users’ needs for these surface-treated steel sheets has
become increasingly higher, leading up to a demand for various
film performances.

For example, when the surface-treated steel sheets are
used in the bare form, they are required to have the corrosion
resistance, the grounding property, the anti-fingerprint
property such that fingerprints are less conspicuous even when
attached thereon, the chemical resistance, the contamination

resistance, and the like against an alkzli, a solvent, or the



resi stance, the drawability, the die abrasion resistance, the

punchabi lity, the bl ackening resistance of the formng sliding surface,
and the oil resistance against a press formng oil / a quick drying oil,
or the like. In order to satisfy such requirenents for characteristics,
for exanple, Japanese Lai d-QOpen Patent Publication No. 6-246229

di scl oses an organi c conposite-coated steel sheet including, on a
chromated |l ayer, a resin filmin which 60 to 80 % of the carboxyl groups
in an ethylenic ionomer have been neutralized wth sodiumions..

Wher eas ] idapanggfe Ratent o, 2K29620.1 dissiekeses /2 gﬁlségg Cf)@{‘rﬁtgd ng}al

sheet including a filmresulting. froma conpositi contalnihg a

pol yol eblangeol Wiy rf8d Nre QI & Ofp, 104 # MDhECUhBEL ¥3 g SOeLat gd, L hrough
ion clusters and an organi c conpound having an aziridinhyl group formnmed

on a nMetalsisiherle,SUhbageawdbel JopaneseqPat ahta Ny %’%%@%%n@%sc%ges to

the effect that the netal sheet has been preferably chronmated. wever,

in recepuny®abdlidye tBed YERIRLiOMAEHs CHE SREe ldtehe (FARIGHY OMBE SHY
products for the global environnental conservation, and t'he like, the

resin fisurgakayeahdcone ¢eyutdLttdneehayaiRcgherpeddd e deshst ance

t han ever before. As described above, the resin filns each to be stacked
on a cheomeHfkeeryeing cdligetoraltde hake.becone required to have the
corrosion resistance of the sanme level as with the resin filns each
coated on a chnonmisdtostadlisfiyesich tadet remeht s diorathemtsanoes stties ,pr esent
i nventors have consistently 2 conducted a continuous study even after the
appl i cafPgrexamp ey dapsacpatlaitd-perpis0e20 Pubiid cpgdon Nd | Areé¢§229bed in

Japanese Patent No. 2759620 shows a sonewhat excell ent
discloses an organic composite-coated steel sheet including,

on a chromated layer, a resin film in which 60 to 80 % of the
carboxyl groups in an ethylenic ionomer have been neutralized
with sodium 1lions. Whereas, Japanese Patent No. 2758620
discloses a resin-coated metal sheet including a film resulting
from a composition containing a polyolefin copolymer resin
emulsion intermolecularly-associated through ion clusters and
an organic compound having an aziridinyl group formed on a metal
sheet surface. The Japah-ese Patent No. 2759620 describes to
the effect that the metal sheet has been preferably chromated.

However, in recent years, due to a move toward chrome-free
(non-chromated) products for the global environmental
conservation, and the like, the resin films have become requiréd
to have higher corrosion resistance than ever before.

As described above, the resin films each to be stacked
on a chrome-free metal sheet also have become required to have
the corrosion resistance of the same level as with the resin
films each coated on a chroinated metal sheet. Under such

circumstances, the present inventors have consistently



corrosion resistance also for a chrone-free sheet. However, for exanple,
after renoving a lubricating oil applied during press formng in a
degreasing step, the resin filmis unfavorably degraded due to an al kal
treatment, resulting in a reduction of the corrosion resistance.
whereas, a resin film is coated on a chrone-free netal sheet, and then,
an adhesive tape is attached on the resin filmsurface, and allowed to
stand for a long time. Then, the adhesive tape is peeled of f therefrom
so that even the resin filmis also peeled off. Thus, there is such a

probl emafndahordécage obnt apgopeekiigyr eskat ameer tadhes ?g%l&clé%ti%eﬁft he
nmetal sheet and the resin film SUVMARY OF THE | NVENT Under such

Ci rcunstmeesesé t PetehbeNef orxy smvoahj ectheofred e piBsSeRbscRYBRHI QR tO
provide a resin-coated netal sheet having a resin filmexcellent in
vari ous Jarsreedeer iPattiens sNoh 2358620 alshomisy Af | somadhesi exclillehty on
the resin-coated netal sheet) , lubricity, formability, and groundi ng
proper t yeoas o wem rectiartacti@y isdtscc Spraadchushbefrexceté ent HpwekEQSi on
resistance after a degreasing step and tape peeling resistance. One
aspect dion ketgmmdsenta fiterentirovingsadbsbr hcat ingsd it caatladtdrelialingheet
which includes: a netal sheet; and a resin filmcoated on the surface of
t he nmet Arssifeeforriagr edhn a f idegripaishggobt émed theonresiemifisimonis
conposition, wherein the 3 enulsion conposition includes: an ethylene /
unsat ur APV Lok Peiar asledd dueper yare e 1&sla faeatwenporsul timakhne i n
an anount 1ﬂual to 0.2 to 0. 8 nol per nole of the carboxyl groups
cont ai né"drFﬁ Fﬁéoé‘t‘h’;/Ité‘ﬁec?r{l‘?l%%l‘?]hF&?éétéﬁﬁﬁoxy‘FlP%r%l%ﬁd xopol fEeR, the

am ne havi n oi | | n 0| nt of 100 or | ess;
1ls a%: CP ome free metal sheet, and then, an adheSJ_ve

tape is attached on the resin film surface, and allowed to stand
fora lqng time. Then, the adhesive tape is peeled off therefrom,
so that even the resin film is also peeled off. Thus, there
is such a problem of shortage of tape peeling resistance

{adhesion betweerﬁ the metal sheet and the resin film).

SUMMARY OF THE INVENTICON

Under such circumstances, it is therefore an object of
the present invention to provide a resin-coated metal sheet
having a resin film excellent in various characteristics such
as coatability (film adhesion ability on the resin-coated metal
sheet), lubricity, formability, and grounding property as given
characteristics, and further excellent in corrosicn resistance
after a degreasing step and tape peeling resistance.

One aspect of the present invention resides in a
resin-coated metal sheet which includes: a metal sheet; :and a
resin film coated on the surface of the metal sheet, the resin

film being obtained from an emulsion composition, wherein the



a nonoval ent netal conmpound in an anount equal to 0.02 to 0.4 nol per
nol e of the carboxyl groups contained in the ethylene / unsaturated
carboxylic acid copolynmer; and a crosslinking agent in an anmobunt of 1 to
20 mass% per 100 mass% of the solid content of the enul sion conposition,
t he crosslinking agent having two or nore functional groups capabl e of
reacting with the carboxylic groups contained in the ethylene /
unsaturated carboxylic acid copolymner, and wherein the emul sion
conposition does not substantially contain an am ne having a boiling

poi nt  afmuis ort havmpel i€icandi toasddot subsdayiald v/ Ccam i a.
According to the aspect, in the ethylene / unsaturated carboxylic acid

copol ynmerarhidx ki praafief aldpe et 26 4 azdth Re$Yneoft ;t ha Msas Wated
carboxylic acid has been copolynerized, and it is nost preferable that
15 to 25mmysesfualhéoulisat to dt.edmot asdoxdlie cactHe hesrbeem groups
copolynerized. It is also a preferred enbodi nent of the present

i nvent i orentesingde 1ani biee hatng eae bodi ineg tuiaite of cAfBcydicl esdd s
triethylam ne. According to the aspect, it is preferable that silica
particl exopelimean aler agénpahtvihe abamdtiery pbihttef 200 PO @F & es&ONt ai ned
in an amobunt of 5 to 40 mass%in. every 100 massy of the solid content
of the eénfdiVirleapasiteilogonppund b s gooatndr aliue 1t hat 0 202 ptrerdi. dal

pol yet hyl ene wax iis contained in 4 an amount of 0.5 to 20 mass% This
resul t s % @eTedPd ef PEnt IR € WAPEPPacPBtisinndr Hetidrd stthes epech as

coatabiljty, lubricity, formmbility, and grounding property, and
further ) W‘i%ataef‘ioca%tk%‘éﬂ:‘éhtaqw CORISFET it 631G tParfee® safltiovk ing

ooy caoi, S 5 akiBF BFY KIghostANSS, chtemlal bt LN
COrrosi Qyntent of the emulsion composition, the crosslinking agent
having two or more functional groups capable of reacting with
the carboxylic groups contained in the ethylene / unsaturated
carboxylic acid copolymer, andwherein the emulsion compesition
does not substantially contain an amine having a boiling point
of more than 100 °C, and does not substantially contain ammenia.
According to the aspect, in the ethylene / unsaturated
carboxylic acid copolymer, it is preferable that 10 to 40 mass$
of the unsaturated carboxylic acid has been copolymerized, and
it is most preferable that 15 to 25 mass% of the unsaturated
carboxylic acid has been copolymerized. It is also apreferred
embodiment of the present invention that the amine having a
boiling point of 100 °C or less is triethylamine.
According to the aspect, it is preferable that silica
particles with an average particle diameter of 1 to 200 nm are
contained in an amount of 5 to 40 mass$% in every 100 mass% of

the solid content of the emulsion composition. It is also

preferable that a spherical polyethylene wax is contained in



resi stance even when a chromate filmis not formed. According to the
aspect of the present invention, in the resin-coated netal sheet: by
using a specific anobunt of an amne wth a boiling point of 100 'C or
less and a netal conpound in conbination, the ethylene / unsaturated
carboxylic acid copolyner is neutralized, resulting in an enulsion.
Accordingly, it is possible to obtain an emulsion conposition having a
very snall particle dianmeter- Therefore, it is possible to obtain a
resin- coated netal sheet coated with a film excellent in various

char act ean siriots tSUE I @5t 6t AREERT Y, ThidRekal t ¥, f 9rEdiid ¥t Yy A0E N
groundi ng property, and further, excellent in corrosion resistance after

a degr easAmpaseemaishs thpeapeet i §Y1ESSuThE o RO NEF y A3RBEY af i he
present invention resides in a nethod for manufacturing the resin-coated

met al shietmaiii Thty) rReiduigiesutding beppeety, praPanE 88et &AM $5 so
conposition; coating the enul sion conposition on the netal sheet; and

heat i ng exrel byt niqn tdee rioetialn sheestenat edf it b §bgreavlalost &OMPRRSI ti on.
DESCRI PTI ON OF PREFERRED EMBODI MENTS A resin-coated netal sheet of the
present anepeeding yewl stesca. r dsicd dentcml figr, ek Feotmacspeeifetamul si on
conposition on at |least one side of a netal sheet. The netal sheet has
no parti<hRel Festhre cereseniroinesninpire, shemt izon exxel lee tmader afs i@nzi nc or
zinc systemplated steel sheet, an alum num sheet, an al um num system
al | oy sH&ESH: STANGE t $Tohi WheRs ecthrommtre Herlm jits inotalfsomaccept abl. e t hat
the metal shegt is subjected to a known rust-proofing surface treatment
such as a phog’b:}%:tré:fln& to the aspect of the prgsent invention, in the
resin-coated metal sheet, by using a specific amount of an amine
with a boiling point of 100 °C or less and 2 metal compound in
combination, the ethylerie / unsaturated carboxylic acid
copolymer is neutralized, resulting in an emulsion.
Accordingly, it is possible to cbtain an emulsion composition
having a very small particle diameter. Therefore, it is
possible to obtain a resin-coated metzl sheet coated with a Film
excellent in various characteristics such as coatability,
lubricity, formability, and grounding property, and further,
excellent in corrosion resistance after a degreasing step and
tape peeling resistance.
Another aspect of the present invention resides in =z
method for manufacturing the resin-coated metal sheet which
includes the steps of: preparing the emulsion composition;

coating the emulsion composition on themetal sheet; and heating

and drying the metal sheet coated with the emulsion compositicn.

DESCRIPTION OF PREFERRED EMBODIMENTS

A resin-coated metal sheet of the present invention



treatnment, or other surface treatnents, and that a resin film is forned
thereon. Fromthe viewoint of the environmental problem it is
preferable that the sheet is not subjected to a chromate treatnent. The
enul sion conposition for use in the present invention for the formation
of the resin filmcontains an ethylene / 'unsaturated carboxylic acid
copolynmer (including the neutralized state) as a nmain conponent, an
amine with a boiling point of 100 'C or less in an anmount equal to 0.2
to 0.8 nol (20 to 80 nol % per nole of the carboxyl groups contained in
the ethylientudesinsat ureatied calhoxybimedciftheopal yopéciand amimnQual ent
metal compound in an anount equal to 0. 02 to 0. 4 nol (2 to 40 nol %
per nol ecofipthet tanbaxydt dreasts onens Adaedf i nidtel ehbykenerye yfisatiur at ed
carboxylic acid copolynmer, and in addition, a crosslinking agent having
two or neheet dract horpdrt hrolps reapatice ioh .r eBot igxgmnilieh genboxy sy gr oups

in an anount of 0.5 to 20 nmass% per 100 mass% of the solid content of
the emipsimatecofipogincony zdnd dpesematl asusshael ahey t¢osh ai Mud@human ne
with a boiling point of nore than 100 ' C and ammoni a. The et hyl ene /
unsat ur a¥®ele tar doxyl imiren ds opoh yakekoy sslfedthe mopoltyintam iafm efHuydtene and
an ethylenic unsaturated carboxylic. acid. As the unsaturated carboxylic
aci d, meht¥ BRer ndy be edegeaoten el 4bayl tle aetd] Lresttons cuigietted
isocrotonic _acid, nmaleic acid, fumaric acid, itaconic acid, or the like.
By pol ynk? i%KREVBnEuSF - REPel bid thed@cengreabyreheusy aska@hbosHiiagle-
tenperatyrqagﬁgg-press% e pol rization method or the like, it is
possi bl €19 Fn $h& E’ﬁﬁgﬁ} AeeThee 2Pt Yie2nd §hakpatrerisi dddm y a
random CJPQ%%’I@E@& {_gz\e’\ﬂ?e\:/grr:.’ IFtrc:rxrnm/thael Svoiewpoint of the environmental

problem, it is preferable that the sheet is not subjected to

a chromate treatment.

The emulsion composition for use in the present invention

for the formation of the resin film contains an ethylene /

unsaturated carboxylic acid copolymer {including the

neutralized state) as a main component, an amine with a boiling

point cf 100 °C or less in an amount equal to 0.2 to 0.8 mol

(20 to 80 mol%) per mole of the carboxyl groups contained in

the ethylene / unsaturated carboxylic acid copolymer, and a

menovalent metal compound in an amount egual to 0.02 to 0.4 mol

{2 to 40 molt) per mole cf the carboxyl groups contained in the

ethylene / unsaturated carboxylic acid copolymer, and in

addition, a crosslinking agent having two or more functional

groups capable of reacting with carboxylic groups in an amount

of 0.5 to 20 mass% per 100 mass% of the solid content of the

emulsion composition, and does not substantially contain an

amine with a beiling point of more than 100 °C and ammonia.

The ethylene / unsaturated carboxylic acid copolymer is



be a bl ock copol yner or such a copolyner as that grafted at the
unsaturated carboxylic acid noiety. Incidentally, the unsaturated
carboxylic acid is preferab-ly (neth) acrylic: acid. Further, an

ol efinic mononer such as propyl ene or 1-butene nay also be used in place
of a part of the ethylene. Still further, other known vinyl type
nmononers nmay al so be copolynerized partially (in an anobunt of about 10
mass% or | ess) so long as the object of the present invention is not
inpaired. As for the copolynerization ratio of the unsaturated

car boxyltihe acicgatlymetrhy bénegthhbenasatndg atad etkipoxyl ¢ Cc aGiadurated
preferably in an anount of 10 to 40 mass% when the total anmount of
nmonomer Aok a-itD0 Aastie Wmat et cahroanberfyl i beac s ateurtatosd
carboxylic acid is less than 10 nass% the anmount of the carboxyl groups
servi ng ey tigemgalecoPoime thorct ki c iantiel,noketohar asisbciiatticon tidwieugh i on
clusters, or a crosslinking point wwth a crosslinking agent is small
Accor di mfihd, ®HElRictr asiyd, thmafiilomestidengt hcehf eceésidr eomdthe dxidet.ed, so
that the tape peeling resistance and the corrosion resistance after the
degr easify Pstlepnamiz B ionsufo doast ofl fhesadeidi ofhyldre dpulasikhiowat i on
stability of the enulsion  conpositionis inferior, The nore pre f erred
| ower | SR OFeNRRF 2 Biotint 1 i RIRS S Ramey igatiery et hadi @ri $hes
mass% qn,the . other hand,. when the ampunt of the unsaturated carboxylic

acid exceds 4o TafEH HHE Eor POSAIR FBE| SPRALENRRd (e Raper ymer
corrost O PRSI ERUEIANL 1 FEPGeH CREPTARSFop PSRl TDkew e The
nmore pr %feey}ggoc':’jgpcecgpéiﬂér i0§' géchrgasc%%)olymer as that grafted at the
unsaturated carboxylic acid moiety. Incidentally, the
unsaturated carboxylic acid is preferably (meth)acrylic acid.
Further, an olefinic monomer such as propylene or 1-butene may
also be used in place of a part cf the ethylene. Still further,
other known vinyl type monomers may also be copolymerized
partially (in an amount of about 10 mass% or less) so long as
the object of the present invention is not impaired.

As for the copolymerization ratio of the unsaturated
carboxylic acid to ethylene, the unsaturated carboxylic acid
is preferably in an amount of 10 to 40 mass% whén the total amount
of monomers is taken &s 100 mass$%. When the amount of the
unsaturated carboxylic acid is less than 10 mass%, the amount
of the carboxyl groups serving as the base point for the
intermolecular association through ion clusters, or a
crosslinking peint with a crosslinking agent 4is small.
Accordingly, unfavorably, the film strength effects are not
exerted, so that the tape peeling resistance and the corrosion

resistance after the degreasing step may be insufficient. 1In



The ethyl ene / unsaturated carboxylic acid copolynmer has carboxyl

groups, Therefore, it can be neutralized with an organic base or netal
ions, thereby to be nade into an emul sion (nade into a water dispersion)
In the present invention, an amne with a boiling point of 100C or |ess
is -used as the organic base. The amnes with a boiling point of nore
than 100 "Ctend to remain on the steel sheet when the resin-coated film
is dried, resulting in an increase in water absorption property of the
resin-coated film This causes a reduction of the corrosion resistance.
For thi s2@@atdan, t hehanigmsl sui fivat dvoi | istglbpaiiny of moke tdamsip, "C are
not included in the enul sion conpositions to be used for the film

f or mat i OFPTRCEhEL phasehnignvent i dihe mbuetiwsfearabbaet 9 iH0tt aFS%e

i ncl uded because the addition effect of anmmonia has not been observed.
As the bIMPERE Poithe unsabubat i mpyointl imded dais dtmmapker i copragsure i s
adopt ed. Specific_exanples of the amnes with a boiling point of 100 'C
or | ess MEYCT AanfHe whear Ehaapoaritnes the hnss turedekdytanboeylic acid

N, N- di met hyl butyl am ne, N, N-di methyl allyl am ne, N B nethyl pyrrolidine,
tetranetfYT TS ASndtanite, BhE corrrsihyl amsistagesomntad ythai nestesuch as
N- et hyl et hyl am ne, _diisopropyl am ne, and diethylam ne; and primary

ani nes” SUTH 3570 FF oY dther SEiButiilaniavee dBECBLOY} ar Mawerdingly,

i sobut yl am 1, . 2-di butyl propyl am ne, and 3-pentyl am ne. These may be
used 2l varay PSR 8 Fe REE &SNS UBPat R L ephe
tertiary; am e f ed,.and_triethyLamne is nost preferred. The
anount olfég%l@g‘%lc%% \%\AP{(ﬁwgg%bi | TG BBf%tp5¥fiﬁﬁe BPpeFeiém% 46t 200 fall
within g,fange of 0.2 to 0.6 nol (20 to 80

The ethylene / unsaturated carboxylic acid copolymer has
carboxyl groups. Therefore, it can be neutralized with an
organic base or metal ions, thereby to be made into an emulsion
(made into a water dispersion). 1In the present invention, an
amine with aboiling point of 100 °C or less is used as the organic
base. The amines with a boiling point of more than 100 °C tend
to remain on the steel sheet when the resin-ccated filmis dried,
resulting in an increase in water absorption property of the
resin-coated film. This causes a reduction of the corrosion
resistance. For this reason, the amines with a boiling point
ofmorethanlDO°Carenotincludmiintheemulsioncompositions
to be used for the film formation in the present invention.
Further, ammonia is net also included because the addition
effect of ammonia has not been observed. 2As the boiling point,
the boiling point under an atmospheric pressure is adopted.

Specific examples of the amines with =z beiling point of
100°Cor less may include: tertiaryamines such as triethylamine,

N, N-dimethylbutylamine, N,N-dimethylallylamine, N~



nol %9 per nole of the carboxylic groups in the ethylene / unsaturated
carboxylic acid copolyner. This is because the anount within this range
results in good corrosion resistance and tape peeling resistance. \Wen
the amount of the amine with a boiling point of 100 C or less is snaller
than 0.2 nol, the particle dianeter of the resin particles in the
emulsion is large. For this reason, conceivably, the foregoing effects
are not exerted. Wereas, when the amine with a boiling point of 100 C
or less i5 used in an anmount of nore than 0.8 not, the enulsion

conposi tiedrh yiayyurd bikhied) y be lmm&&daylmwn&mébhan@”d gel .;pfhe nore

preferred upper limt of the amount of the amne is O. 6 nol | 5 nor e
pr ef er aliiryinCe thyioiminkhe seyanddiekanned bQwerad IN‘urﬁetQFyltebc%yQ%@)te of the
amne is 0.3 nol. In the present invention, nonoval ent netal i1ons are

al so usbdﬁwmmdiamlmz,abm@ndla'ﬂ:mﬁlmlﬁfg@alyﬁlrﬁ@fy b8 nelsNPrOyeRENt S Of
t he sol vent resistance and the filmhardness. Therefore, a nonoval ent

metal  cEmEEUdHas besnbaddddntiaet hesOc-aput $i o KONP AT akh e,
nonoval ent netal conmpound preferably contains one or two or nore netals

sel ect ed (frehbuodinmmpyeteisss usndabebént il amindhe Thyedroxhgdess ke
carboxi des, or the oxides of these netals are preferred. Qut of these,
NaOH, KEHONS.0Ar HadiHallg lod Biwe qx mbeerteremfl. NOOH of sthmsd, phef erred
because it has the best performances. Further, for the di- or

ror e- valt&ft iieal FRERPOURES  PHRLRFFedt sapfodudedthylyntine adsi tiosh

t her eof ar% not bserved. Therefore, the enulsion conposition to be used
for theX tion in the present invention does not contain a di-

or nore- vaIenH met al nPound for acting as a reaction partner of the
et hyl ene he amount an amine with a beiling point of 100 °C or

less is set to fall within a range of 0.2 to 0.8 mol {20 to 80
mol%) per mole of the carboxylic groups in the ethylene /
unsaturated carboxylic acid copolymer. This is because the
amount within this range res_ults in good corrosion rresistance
and tape peeling resistance. When the amount of the amine with
@ boiling point of 100 °C or less is smaller than 0.2 mol, the
particle diameter of the resin particles in the emulsion is
large. For this reason, conceivably, the foregoing effects are
not exerted. Whereas, when the amine with a boiling point of
100 °C or less is used in an amount of more than 0.8 mol, the
emulsion compositionmay unfavorablybe increased in viscosity,
and gel. The more preferred upper limit of the amount of the
amine is 0.6 mol, and more preferably 0.5 mol. The more
preferred lower limit of the amount of the amine is 0.3 mol.

In the present invention, monovalent metal ions are also
used for neutralization. This is effective for the
improvements of the solvent resistance and the film hardness.

Therefore, a monovalent metal compound has been added to the



-unsat urated carboxylic acid copolyner. The anount of the nobnoval ent

metal conmpound is set tof all wthin a range of 0.02 to 0.4 nol (2 to
40 mol %9 per nmole of the carboxyl groups in the ethylene / unsaturated
carboxylic acid copolyner. Wien the anount of the metal conpound is |ess
than 0.02 nol, the enmulsification stability becomes insufficient.
However, when the anpbunt exceeds 0.4 nol, the hygroscopic property of
the resulting resin film(particularly, to an alkali solution) is

i ncreased, unfavorably resulting in deterioration of the corrosion

resistanemubdten themgegieashng sStrep. HBeowBIEnpr eheriad |c%‘9ﬁfou|nidmt of
the nmetal conpound anmount is 0.03 nol. The further preferred lower |imt

is 0.1 pmwdfeidel yrocenpaiierded dppsio |dimidof rdie etsal] Legoynd,, amunt
is 0. 5 nmol, and the further preferred upper limt is 0.2 nol. The am ne

with a boidivg popatass idf0 'Gidr 1essiand thaehtd myweieRs, etak
conpound are used in respective anounts preferably within the foregoing
ranges. ®xbpxidehesy dhe osedesfof tista alitzilBgatbepcatrdoxed. goadps in
the ethylene / unsaturated carboxylic acid copol yner, and emul sifying
the copdl Fhese  TRePBf dgrdl, WAOH, tdred ttdieal 1 hemrd praéuttabj zatd maoHanount )
thereof is too large, unfavorably, the viscosity of the emulsion

conposi tiORCFRPedFirdiof baeress e tded sht beist\pedimtniamceaddi Fuother,
excessi ve al kalj, conponent causes the deterioration of the corrosion
resi st an¥. CREQ Pt MResVgd eakdre2 ¥ 6pmPobNds| Itiha affedes pxodssede

al kal i %fnqggent i,S tequ%E%d. However, when the neutralization anmount is
too smallY “Rnf896rERPY, thre sofuIans iRt | PPSeTEed) soTharaderabl yhe

i nferior . s
emulsion composition to be used for the film formation in the

present invention does not contain a di- or more-valent metal
compound for acting as a reaction partner of the ethylene /
unsaturated carboxylic acid copolymer.

The amount of the monovalent metal compound is set to fall
within a range of 0.02 to 0.4 mol (2 to 40 mol%) per mole of
the carboxyl groups in the ethylene / unsaturated carkoxylic
acid copolymer. When the amount of the metal compound is less
than 0.02 mol, the emulsification stability becones
insufficient. However, when the amount exceeds 0.4 mol, the
hygroscopic property of the resulting resin film (particularly,
to an alkali solution) is increased, unfavorably resulting in
deterjoration of the corrosion resistance after the degreasing
step. The more preferred lower limit of the metal compound
amount is 0.03 mol. The further preferred lower limit is 0.1
mol. The more preferred upper limit of the metal compound
amount is 0.5 mol, and the further preferred upper limit is 0.2

mol.

The amine with a boiling point of 100 °C or less and the

10



Therefore, the total anmount of the amine with a boiling point of 100 C
or less and the nonoval ent netal conpound is preferably set to fal
within a range of 0.3 to 1.0 nol per cool of the carboxyl groups in the
et hyl ene / unsaturated carboxylic acid copolynmer. The enul sion
conposition for use in the present invention is fornmed by using an am ne
with a boiling point of 100 C or less and the nonoval ent netal conpound
in conbination for enmulsification. As a result, the resin particles in
the conposition are present in an aqueous nediumin very small fine

particl esof®vkldiophets) Wdmbsusdzeref dP 5P '}]{’é'syﬁtcl%i%teab-r&éﬁryts Thi s
e

presumably inplenents the filmformng property o resulting resin

film theredbeshon wiaHihet et r shieeig raﬂgeghe_gm{wé%fﬂw@géageqjdsétcﬂg { ape

film resulting in inprovenents of the cOrrosion resistance an

peel i ng fesi steartaal iiegl1ltaguesasheeg um sCOond aithe OERBLI1LRAN mater,
a hydrophilic solvent such as al cohol or ether. Incidentally, the

parti cl eansi tupd eed ofathexyesinapatt icelpes yive rt, heremirri o tampeyeasur ed
by, for exanple, a laser diffraction nethod using a light scattering
phot onet erpd hwmef actTrestk foyr Q0T SUIKA ELECTROML CEn@nt (ddwkralizduidhe

neutralization step of the ethylene / unsaturated carboxylic acid
copol ymednginh) dhepeiofeipitide dzboel iunfguindblyof th80riGarsitessfand a
nonoval ent netal compound (emulsification step) , desirably, the am ne
with a DERE}REERSIOMP ST tion Tagrrapidky andreheenomdsallénti fiyet ahd donpound
are addqg 0 the copol yner rOU?th at the sane time, or the amne with a
boi | i ng hOBt SHHESSi0te Pé¥a i sComrrrET cstsePhtBe ide traciausd: itdre

of the corrosion resistance. Further, a large energy for

volatilizing the excessive alkali component is required.

However, when the neutralization amount is too small,

unfavorably, the emulsifiability is also unfavorably inferior.

Therefore, the total amount of the amine with a boiling peint

of 100 °Cor less and the monovalent metal compound is preferably

set to fall within a range of 0.3 to 1.0 mol per mol.of the

carboxyl groups in the ethylene / unsaturated carboxylic acid

copolymer.

The emulsion composition for use in the present invention

is formed by using an amine with a boiling point of 100 °C or

less and the monovalent metal compound in combination for

emulsificaﬁion. As a result, the resin particles in the

composition are present in an agqueocus medium in very small fine

particles (oil droplets) withasizeof 5to 50 nmwith stability.

This presumably implements the film forming property of the

resulting resin film, the adhesion to the metal sheet, and the

densification of the film, resulting in improvements of the

corrosion resistance and the tape peeling resistance. The

11



post-addition of the amne with a boiling point of 100 C or |ess may
results in insufficient inprovenent effects of the corrosion resistance
/| tape peeling resistance, although the reason for-this is uncertain.
The ethyl ene / unsaturated carboxylic acid copolynmer having the

car boxyl groups neutralized with the amne with a boiling point of 100 C
or less and the nonoval ent netal conpound forns the internolecul ar

associ ation through ion clusters (transformation into an iononer) , to
forma resin filmexcellent 1in corrosion resistance / tape peeling

resi st anggueblOWeNMeRiumi Ma§r 86ht5onf oM@, stponger L)1 m %ﬁgJéb#?%ﬁcfable
ugh a ¢

that polymer chains are crosslinked to each other thro em ca

bond utsbieeng dihen ranehiconchebwesmd UNCineRdln@5euRs - + HRGE Sugh
circunstances, the emul sion conposition of the presenf “invention

cont ai nsd bamwe 088 |d Mkhedr @geMto2RaVidl@ st W0 te BRHEEsidANNGY] 883 e LHOURS
capabl e of reacting with a carboxyl group as an essential conponent. The

anount tier e6bri exseplte) he later 20fprRssP46F AOOnPFBSEUiAL the sspld d
content in the enul sion conposition. When the anbunt is |éess than 1

nmass% theaetéeing phoft died ear @sshi fkd bgr &y byhersihenieat Thordchecone
insufficient. Accordingly, the effects of inproving the corrosion
resistankeled.).tape peeling resistance are less likely to be exerted. on
the other hand, when the crosslinking agent is mxed in an anmount of nore
than 20 mass%int R&ecnessrahkeatidersiap cbfthhethgdiene fidmapmessidvel y
increases, resulting in an increase in hardness. Accordingly, the resin
film becoMERC¥Yithpadfid Fordlmeivigh ke getoenmdt tone dpohl PIres® ifrdr mi ng,
whi ch causes the formation of cracks. As a result, the corrosion
resi st arR:falQIQdDC or less and 2a monovalent metal compound (emulsification
step), desirably, the amine with a boiling point of 100 °C or
less and the monovalent metal compound are added to the
copolymer roughly at the same time, or the amine with a boiling
point of 100 °C or less is added first. This is because the
post-addition of the amine with a boiling point of 100 °C or
less may results in insufficient improvement effects of the
corrosion resistance / tape peeling resistance, although the
reason for .this is uncertain.

The ethylene / unsaturated carboxylic acid copolymer
having the carboxyl groups neutralized with the amine with =
boiling point 0f 100 °C ¢x less and the moncvalent metal compound
forms the intermolecular association through ien clusters
(transformation into an ionomer), to forma resin film excellent
in corrosion resistance / tape peeling resistance. However,
in order to form a stronger film, it is desirable that polymer
chains are crosslinked to each other through a chemical bond

utilizing the reaction ketween functional groups. Under such

circumstances, the emulsion composition of the present



the coatability are unfavorably reduced. The nore preferred crosslinking
agent anmount is 5 to 10 mass% of 100 nmassy of the solid content of the
enul sion conposition. Incidentally, for the ratio of the crosslinking
agent amount to the ethylene / unsaturated carboxylic acid copolyner
anount, the anmount of crosslinking agent is desirably changed
appropriately according to the anount of the carboxyl groups in the
copolymer. In general, the anount of the crosslinking agent is
preferably 0.5 to 50 parts by nass (nore preferably 5 to 20 parts by

mass) pénvef0ipar tenly imess erdsfﬁi&gﬁeigyf’&‘dentm@a\ﬁr@Séé@kéﬂgmé‘lggm
having two or nore functional groups capable of reacting with a carboxyl
group pefunofécnké ghaspmeapatiliculared ©@Sing GhitdNa dAMRMES 1 JREgEeL L ed
exanpl es thereof may include: glycidyl group-containing crosslinking
agent s i | e At pol yodymingyit et ITies asisahtashepedi tod sdrohypgbyci dyd

et her, (goly)gl cerol polyglycidyl ether, pentaerythritol polyglycidyl
ether, t¢?PnBeRFRoPAr dPAn&asSA yfl Whedydo letcherontraapent Vih&! ¥68] sion

di gl ycidyl ether, and (poly)ethylene glycol diglycidyl ether, and

pol ygl ycteRPO S aki fls; "B?Efruﬁéﬁi Ipaln tisr Les secleonmpowds: Sueb a@sfdotd -

bi s(et hyl eni.m ne carbonyl am no) di phenyl net hane, N, N -- hexanet hyl ene-1,
6-bi s (1Q§Z§1}€? d}rﬁéséé-%p)gahmjgy? pem cal bond become insufficient.

di phenyl pret hane- 4, 4' - hi s(1-aziridine carboxyam de), and toluene

bi sazi r i T SEPBb%y eI TaRES 4 AMgrAyLngricoronsabni ngs ortoasdd nki ng

agent s ipcg dé tfi- or nore- functiaonal aziridine conpounds such as
tri-l-az “a\&b S‘t?ee Jrfb%plfﬁsrfe%ﬁrlﬁf are less likely to be exerted. On

ol (OB A OnReBIL 000K 18 o LY B O e
of more than 20 mass%, the crosslinkiﬁg density of the resin
film excessively increases, resulting in an increase in
hardness. Accordingly, the resin film becomes incapable of
following the deformation upon press forming, which causes the
formation of cracks. As a result, the corrosion resistance and
the coatability are unfavorably reduced. The more Preferred
crosslinking agent amount is 5 to 1C mass% of 100 mass% of the
solid content of the emulsion composition. Incidentally, for
the ratio of the crosslinking agent amount to the ethylene /
unsaturated carboxylic acid copolymer amount, the amount of
crosslinking agent is desirably changed appropriately
according to the amount of the Carboxyl groups in the copolymer.
In general, the amount of the ¢rosslinking agent is preferably
0.5 to 50 parts by mass (more pPreferably 5 to 20 parts by mass)
per 100 parts by mass of the copolymer.

The crosslinking agent having two or more functiomnal

groups capable of reacting with a carboxyl group per molecule

has no particular restriction. However, preferred examples

(9]
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2, 4, 6- (l-aziridinyl) -1, 3, 5--triazine, and tetranethyl propane
tet.raaziridi nyl propi onate, or derivatives thereof. These may be used
al one, or in conbination of two or nore thereof. out of these, the
aziridinyl group-containing crosslinking agent are preferred.
Incidentally, a nultifunctional aziridine and nonofunctional aziridine
(such as ethylenimne) may be used in conbination. The emnul sion
conposition for use in the present invention may contain silica
particles in an anount of 5 to 40 mass% on a solid content basis. This

is effectheeeddrmnihei hoproyve  ft i O £85I 1:he
o P L PSRN AL SR

coatability, the flaw resistance, or the like, Ion

ef fecti vaegdiors 14i hdbud g OVIESBYY By@fdyhe £ofdasi o, &iesi gt argcoerbgf%oqr
degreasing and the tape peeling resistance. Wen the amount Is 1ess than

5 mass%pdheskeyefdert seaher| esgpbilkehy yberbe eﬁgﬂg%qycﬁgqueQﬂjmﬁQen t he
anount exceeds 40 nmass% - the proportion of the silica particles

excessi \mdiyta ey dasksol r epulyiglgdidyihe eedugf i onoifme g JidrHdeem ng
property. Accordingly, cracks may occur in the resin filmduring a
dryi ng i@y gliydedor abtlyer esnkbpagtvh glheoleduglivendoll ehaegor mesi on
resi stance. Further, the silica particles- serve as a polishing agent,
~ which i ngteaslestineenabgilaicog ofighecidyin etéeul,tiagdi pdiieivedusti on of
the coefficient of friction. This causes the abrasion of a die during
form ng, 2Rt shorfaes ianal | peisfidine diempFhedsorsacipr efser ned’ower
limt of the amount, of the silica particles is 20 mass% and the -upper
limit t e G S ko 157 e ami neba irhes nime thehest s oN, e silica
particlg§ as qF%prib%qu ove, the average particle dianmeter of the
silica examethylene-1, 6-bis (l-aziridine carboxyamide), N, N’ -
diphenylmethane-4,4’-bis(l~aziridine carboxyamide), and
toluene bisaziridine carboxyamide; and aziridinyl group-
containing crossiinking agents including tri- or more-
functional aziridine compounds such as tri-l-aziridinyl -
phosphineoxide,tris[1—(2—methyl)aziridinyljphosphineoxide,
trimethylolpropane tris(B-aziridinyl propicnate), tris-
2,4,6-({l-aziridinyl)-1,3,5-triazine, and tetramethylpropane
tetraaziridinyl propionate, or derivatives thereof. These may
be used alone, or in combination of two cr more thereof. Out
of these, the aziridinyl group-containing crosslinking agent
are preferred. Incidentally, a multifuncticnal aziridine and
monofunctional aziridine (such as ethylenimine) may be used in
combination.
The emulsion composition for use in the present invention
nmay contain silica particles in an amount of 5 to 40 mass$ on
a solid content basis. This is effective for the improvement

of the corrosion resistance, the coatability, the flaw

resistance, or the like, and in addition, also effective for



particles preferably falls within a range of | to 200 nm The corrosion
resistance of the filmis inproved with a decrease in particle dianeter
of the silica particles. This is conceivably due to the follow ng fact.
The resin filmis densified, and the adhesion is inproved, which further
enhances the corrosion resistance. From such a viewpoint, the silica
particles desirably have a snmaller particle dianeter. However, when they
are extrenmely mnute particles, the foregoing effects are saturated. For
this reason, the lower limt of the particle dianmeter is preferably 1

nm on thaeoniﬂprohaméntwrtef\ tkecoPabbh 6her & ArBlfde %fftfeﬁedégklegé‘i
particles exceeds 200 nm the S surface of the resin fil rougﬂ%ned.

Accor di nghy, the tspaetecliogstbsestanter Mmimdense sashftfid MesRUELher,
silica particles also serve as a polishing agent, unfavorably [ eading

to a det érmasatj dhesfe thitetbsnadd lieky. 11 Ke PAtbisdlleder talien gbfPeEtance is
attached to the corrosion resistance after ~ degreasi ng, the average
particl ewberetbé dnerst leixcaepar 80 cless$,i sherptepabt Vosadr kdfatlimithin a
range of 4 to 20 nm Such silica particles are generally known as

col | oi dabarsiiciles. exreshivalesenteasesnt femltiolg emami)é eledik®ich ¢ 5S",
1140"r "N', "UP", and the |ike of "Snow Tex series" (colloidal silica
nanufactGhédfb}mh¢§§ﬁhn€h@h¢mgxtyruhknﬂqnﬂ;pgﬂwd rramksbaaypoeterabh y
used. In the emul si on conposition of the present invention, a wax may be
cont ai ne§h FnrﬁﬁlﬁdBUH?Cﬁﬁ”ﬂﬁbaréﬁgén@fstﬁpiiunfaM©rm@§§%reenlalsgl1m

cont ent effects of inproving the lubricity and the

flaw res?gFaﬁﬁC@“%quHSf FPFﬁ@S%%’élrr‘stHsltrﬁanurtﬁ’érthfir: itheps el beabl v

used for coving _the drawabi
pagpg Ye99 56056 as a ciYshlng agent, which increases the

lubricity of the film, resulting in the reduction of the
coefficient of friction. This causes the abrasion of a die
during forming, which shortens the life of the die. The more
preferred lower limit of the amount of the silica particles is
20 mass%, and the upper limit thereof is 30 mass%.

In order to maximize the effects of the silica particles
as described above, the average particle diameter of the silica
particles preferably falls within a range of 1 to 200 nm. The
corresion resistance of the film is improved with a decrease
in particle diameter of the silica particles. This is
concelvably due to the following fact. The resin film is
densified, and the adhesion is improved, which further enhances
the corrosion resistance. From such a viewpoint, the silica
particlesdesirablyhave asmaller particle diameter. However,
when they are extremely minute particles, the foregeoing effects
are saturated. For this reason, the lower limit of the particle
diameter is preferably 1 nm. On the other hand, when the

particle diameter of the silica particles exceeds 200 nm, the



and the punchability required for press form ng and bl anki ng,

abrasi on resistance, and the bl ackening resistance of the sliding
surface in formng, and providing excellent formability. Wen the anount
of the wax is less than 0.5 mass% on a solid content basis, the

| ubricity of the resulting resin film becones insufficient.

it is not possible to inprove the flaw resistance and obtain
satisfactory fornmability. On the other hand, when the anpbunt exceeds 20

the die

Accordi ngly,

mass% the resulting resin filmhas a sufficient lubricity, but it is 16
i nferior s fhidem adhesireR ibcpat Alisl oy vhes . i tahas sybjected to
post - coati ng by electrodepositionf pom%er coati ng, %ﬁﬁa%ﬁ’kypﬁfiﬁggng.
Furt her, pbRei®Akr S Ofio FRSESi@RERe afdsm fgimgasgggi t t .peel i ng
resistance are also deteriorated. This is conce?va ?%pbugﬁ?oggzégg

fol | owi ngatadtlesTabsvaserve $ef & ad shiliAHgEhed P a Rl ting

in the

post-coating step or changes with tinme, to be concgnggégggaa

t

the intetbaae deetesdenr dtion e nid |fvrantithe postnceated hiLm ‘Qfleﬁlt t he

interface between the netal sheet and the resin film According

2

t he

adhesi onimpbhthheepass - evatetietii I8 othé heoradhasion s i Ihe nekal . sheet
is deteriorated. The nore preferred upper Iimt value is 10 nass, and
the stil Hegberesipgef theedveppee dantitclwakteei 6F5%H: BAISK fhEt MEXebHas no
particular restriction, and the usable -waxes are natural waxes and
synt het i ¢Swaxeserahd ynmisetutes fatlhewethinandrahgel bked Exapplgs. of the
usabl e natural waxes _may include carnauba wax, rice wax, candelilla wax,

and nont an

silica. Inthe;uesentinvention,forexample,"XS",“SS”,"40",
"N", "UP", and the like of "Snow Tex series" (colloidal silica
manufactured by Nissan Chemical Industries, Ltd.) may be
preferably used.

In the emulsion composition of the present invention, a
wax may be contained in an amount in the range of 0.5 to 20 mass%
on a solid coptent basis. The wax has effects of improving the
lubricity and the flaw resistance of the resulting resin film.
Further, it is preferably used for improving the drawability
and the punchability required for press forming and blanking,
the die zbrasion resistance, and the blackening resistance of
the sliding surface in forming, and providing excellent
formability.

When the amount of the wax is less than 0.5 mass$% on a
sclid content basis, the lubricity of the resulting resin film
becomes insufficient. Accordingly, it is not possible to
improvetheflawresistanceandobtainsatisfactoryformability.
On the other hand, when the amount exceeds 20 mass%, the

resulting resin film has a sufficient lubricity, but it is

i6
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m crocrystalline wax, paraffin wax, and the like, and in addition,
derivatives obtained by addi ng carboxyl groups thereto. As the synthetic
waxes, mention nay be nade of pol yethyl ene, polyethyl ene oxide,

pol ypropyl ene, ethylene / propyl ene copol yner type wax, and oxidi zed
waxes of copolynmer wax of ethylene and other nonomers. As this system a
wide variety of types also including a terpolynmer type can be used
according to the change in copolynerization partners. Further, 17 mention
may be made of a maleic acid adduct wax, a fatty acid ester type, and
the |ikelnFartber,imakeimobdhkesavinne dogtabirlesiy)s Wwieh 8% has been

pol yt etrafl uoroet hyl ene, polyvinyl fluoride, polyvinylidene fluoride,
and t et r abbjectetityd poet area i so byl tro A d die: A% eSowd &ie c@@‘t&nﬁi th a
softening point of 60 to 140 'C are preferably selected out of the ones
exenpl i f pedsaBéverinliay .t hd'usdafteeni niegpaionrdsi dressed e B ' £téhe wax
particles are softened / liquefied with an increase in die tenperature
upon preSsgferaAing orndl atkieng.tafecomtiaiging ategiressldedi ngre susfasce
between the resin-coated steel sheet and the die, the liquid depletion
phenonengfteriprated; quBtied snagneetupbly desulda ithg folhoweducfaon. of the
formability. This unfavorably_  causes scratches and the seizure with a

di e. Fur fRBrva% b sddenesudst ageelnag, ber Riemtest bonhenbisgdingtiporti on
to consi der abl deterjorate the product appearance. ., Further, also

from t hePOUFehbBintY BFCR ¥ CORAPESIEONL FRst Stande &Pt epnacabpreedialy step

PR RSk e e R R I AL
or at the interface between the metal sheet and the resin film.
Accordingly, the adhesion with the.post—coated film or the
adhesion with the metal sheet is deteriorated. The more
preferred upper limit value is 10 mass%, and the still more
preferred upper limit value is 5.0 mass$.

The wax has no particular restriction, and the usable
waxes are natural waxes and synthetic waxes, and mixtures
thereof, and the like. Examples of the usable natural waxes
may include carnauba wax, rice wax, candelilla wax, and montan
type wax, and derivatives thereof, mineral oil type wax,
microcrystalline wax, paraffin wax, and the like, and in
addition, derivatives cbtained by adding carboxyl groups
thereto.

As the synthetic waxes, mention may be made of
polyethylene, polyethylene oxide, poclypropylene, ethylene /
propylene copolymer type wax, and oxidized waxes of copolymer
wax of ethylene and other monomers. As this system, a wide
variety of types also including a terpolymer type can be used

according to the change in copolymerization partners. Further,

17



hand, when the softening point exceeds 140 'C, the lubricity by the wax
becones insufficient. Accordingly, the punchability, the die abrasion
resi stance, the drawability, or the |Iike shows no inprovenent. The
corrosion resistance after degreasing also shows a tendency of being
slightly reduced. The wax is nost preferably a spherical polyethyl ene
wax. In that case, in order to maxim ze the effects of the spherica

pol yet hyl ene wax, the particle dianeter of the wax particles 18 is
preferably 0.1 to 3 pm Wen the particle diameter of the wax particles

is |ess hdra dh ndiMbd halde dief E'ﬁé’iél&%Elmréﬁ%@tywakméofgt{ a[cr%d

| ubricity, the purichability, the die abrasion reS|sténce

drawabi ld$er Caybae Qﬁbeﬁ:h@aﬂq’ke‘me@‘u?Q‘Eerpaﬁ%&%ﬁor 24 )a/ﬂg% sper . 3{}% wax

particles exceeds 3 pin, it is difficult fo uni e wax

particl esedimd hencreras @Py@@@%’ﬁlﬁéf’é‘ewyiél?ef YPdn ylneﬁ]%xf]'a%' es.

This may reduce the adhesion of the resih fil'mto net a eet’. The
nore prefeEryeich parddd erdiareter aind h@eﬁ?@ﬂu&%eﬂ%]ﬁeﬂ@ﬂ?@e 2 MBX s

0.3 to 1.0 m As the foregoing spherical polyethyl ene waxes, there nmay

be used,ufaislexanpl e, comercially available products such as

"DAlI JETE- 17" (manufactured by GOO Chem cal Co., Ltd.), "KUE-1", "KUE-5",
and " KUE- 8" ( memnufhec taaxeds  byrhSaoyesChemhcal sbntdesingeSoint dd B9 to
"W 100", "W200", "W300", "W400", WH500.,, "W64011, "W700", and the

| i ke of 14@°C emempetetdbbesiésctramiftast whedondy eMehpui rChgmeales) . and
"El epon E-20" (manufactured by NICCA Chemcal Co., Ltd.). The enulsion
conposi tWren ¢he fefpeadont rohubnts dress than 80 °C, the wax particles

are softened / liquefied with an increase in die temperature
upon press forming or blanking. Accordingly, at the sliding
;urface between the resin-coated steel sheet and the die, the
liquid depletion phenomenon of the liquefied wax occurs,
resulting in a reduction of the formability. This unfavorably
causes scratches and the seizure withadie. Further, ablacked
substance may be attached on the siding portion to considerably
‘deteriorate the product appearance. .Further, also from the
viewpoints of the corrosion resistance after a degreasing step
and the tape peeling resistance, it has been shown that an
excessively low softening point is not preferred. On the other
hand, when the scftening point exceeds 140 °C, the lubricity
by the wax becomes insufficient. Accordingly, the
punchability, the die abrasion resistance, the drawability, or
the like shows no improvement. The corrosion resistance after
degreasing also shows a tendency of being slightly reduced.

The wax is most preferably a spherical polyethylene wax.
In that case, in order to maximize the effects of the spherical

polyethylene wax, the particle diameter of the wax particles

1



preferably contains an ethylene / unsaturated carboxylic acid copol yner
as an essential conponent, an amne with a boiling point of 100 'C or

| ess, a nonoval ent nmetal conpound, a crosslinking agent such as an
aziridine conpound, and further silica particles to be used, if

required, a wax, and the like. The ethylene / unsaturated carboxylic
acid copolyner is desirably contained in such an anount as to adjust the
anount of the aziridine conpound, the silica particles, the wax, and 19
the like so that the content of these resin conponents is 50 nmass% or

more of $8e,s0tdhicoptEnt +of 3the emps %egrggmﬁk&i Pai?ﬁwfﬁg%;{% Qn

conposition is prepared in the follow ng nner. FIrs hyE%ne /

unsal ur aied seanhoindd o5 aeid caopdl MR A% LbeessentlatosapaneRl Js

charged together with an aqueous nediumin or exanple

devi ce armpiheve |l tke, lubrriedtis, eccheunsiefcigatl Ney at 0 He 2%y Lsi0He
amine wth a boiling point of 100 'C or |ess, and the nonoval ent net al

conpound &g s tgppr@pramt ¢hy dddedbibithe o M cdReR0NERES Wi Whieon or
the like (the amne with a boiling point of 100 '"C or less is first

added, qathic bari dicané t dr o DOthé NgaROpAE L OF 1 e 20Bx -Ee8k be?ﬁ,ari@ tihe
nmonoval ent netal conpound are added roughly at the sane tine) , with
stirringdaff itk sheaninidorovlae. disher sd | toa paxt ipdesiclde wax thiehe
crosslinking agent, and the 1ike nay be added at any stage. However,
af ter t HEVELRS QG srempsts ithenc iasthe nfdrmy cfgénne destiabky, Huats maynot
applied so, as to prevent proceeding of the crosslinking reaction and
gel ati orf.StF e FE SeRPESdAN OIS FPEAR BibMItR ithe Betetmheatn. The
anti-skinnin% a%ent, a Ievelligg a%ent, a def oam ng agent, a

more prelerred particle dlameter of the spherical polyethylene

wax is 0.3 to 1.0 um.

As the foregoing spherical polyethylene waxes, there may
be used, for example, commercially available products such as
"DAIJET E-17" (manufacturedby GOC Chemical Co., Ltd. ), "KUE-1",
"KUE-5", and "KUE-8" (manufacturedby Sanyo Chemical Industries,
Ltd.), "w-100", "W-200","W-300", "W-400", W-500", "W-640",
"W-700", and the like of the "Chemipearl" series {manufactured
by Mitsui Chemicals), and "Elepon E-20" (manufactured by NICChA
Chemical Co., Ltd.).

The emulsion composition of the present invention
preferably contains an ethylene / unsaturated carboxylic acid
copolymer as an essential component, anh amine with a boiling
point of 100 °C or less, a monovalent metal compound, a
crosslinking agent such as an aziridine compound, and further
silica particles to be used, if required, a wax, and the like.
The ethylene / unsaturated carboxylic acid copolymer is

desirably contained in such an amount as to adjust the amocunt

of the aziridine compound, the silica particles, the wax, and
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penetrating agent, an enmulsifier, a filmformng aid, a coloring

pi gnent, a thickener, a silane coupling agent, and other resins and the
| i ke may be appropriately added so long as the object of the present
invention is not inpaired. Aresin. filmmy be forned on a netal sheet
in the followng manner. The enul sion conposition is coated on one side
.surface or the opposite side surfaces of the netal sheet by a known 20
coating nethod, nanely, a roll coater nethod, a spray nethod, a curtain
fl ow coater nethod, or the |ike, and heated and dried. The heating and

drying ate priedersablyatathicedoftbnat of thesPerad iy esmdhddiad itsheo
crosslinking reaction between the crosslinking agent used and the

car boxylmagrsaups e eddshe slritchesontvhen Btsphemi Tl o doppidivleng . wax is
used as a lubricant, keeping of the spherical shape results in nore
excel l ent for e leimy siiont kempozseduanti sf preicagest ep. thac gNdionghy,
drying is desirably carried out at a tenperature in the range of 70 to
130 C. TreramwuntFixtli,ckiiessgtiofl¢me reshnafukatedatedbosylpeeheddbly 0.2
to 2.5 g/n2 after drying. Wien the resin film is too thin, uniform
coat i ng cowed Yies mst Bhe sheetntt s didohircwlent ianchdhgedbjepitihee wakanced
filmcharacteristics such as formability, corrosion resistance, and
coat abi [3 §IHEEUSIREEL N3Nt & oFheRATP 1 tloeRemoorhér errhdetbat iaty thrount
exceeds 2.5 g/nR2, the grounding property when the resin-coated netal
sheet i g ik$ad ifn rgqudmeds ernfegshagtongtaie 710 Ke, 25AnECy, tThe amine
conductivity is unfavorably reduced. Further, the amount of the resin
filmtoYBepadtetl Hig Peg nsress ¥oidiotgleper @édskbsheswonatmterdepesiti on of

h I fil n h i e rs. . Thi
the peea%%pouﬂg(%éé)gpé%é£§3é¥él§szdgéésin the form of an aqueous

solution or the like (the amine with 2 beiling point of 100 °C
oxr less is first added, or the émine with a boiling point of
100 °C or less and the monovalehf metal compcocund are added
roughly at the same time}, with stirring at high shearing force.
The silica particles, the wax, the crosslinking agent, and the
like may be added at any stage. However, after the addition
cf the crosslinking agent, desirably, heat is not applied so
as to prevent proceeding of the cresslinking reaction and
gelation.

To the emulsion composition, a dilution solvent, an
anti-skinning agent, a levelling agent, a defoaming agent, a
penetrating agent, an emulsifier, a film forming aid, a
coloring pigment, a thickener, a silane coupling agent, and
other resins and the like may be appropriately added so long
as the object of the present invention is not impaired.

Aresinfilmmay be_formed onametal sheet in the following
manner. The emulsion composition is coated on one side surface

or the opposite side surfaces of the metal sheet by a known
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inhibits the press formng, and is useless in terns of the nmanufacturing
cost. The nore preferred lower [imt of the anpunt of the resin filmto
be deposited is 0.5 g/n2 , and the ~upper |imt is 2.0 g/n2. By formng a
resin film it is possible to obtain the resin-coated netal sheet of the
present invention. The 21 resin-coated netal sheet nmay be subjected to a
formng steps, and used as it is according to the intended purpose.
Alternatively, it may al so be subjected to an el ectrodeposition [/ powder
coating / silk printing under conventional conditions (at 130 to 160 C

for aboutodoine ROuBaLAMe 1) Boryetoa AR SCLOU LDGIEREN o

invention wll be described by way of exanples I n nor

the fol | oW aaxarpbRosthoukdtRBY, ke EH@%er@daﬁatkLéaméd 094tdi8 Seope of

the present invention, and it is understood tha present i'nvention

can be Pheachieced ny télnapp:rlqplrﬂcat 8r BDHFd Gatdran, Wek b Ded %Q&peaef the
present invention, all of which is included in"the present nventlon

[ Test i ngt emmbéoatjufdestest thgt M octBo $SBLh )k Thd heeédﬂld}w&g;#‘é@ﬁmrf‘es are
as follows. (1) Corrosion resistance after degreasing step In 20 g/ 1 of

an al kaléraegr masimg agent msad4WﬂﬂEﬁhenaaubagymrg&o@ﬁsMﬁyabé@mkerlZIng
Co. , Ltd.) adjusted to 60 C, a resin--coated netal sheet was di pped for

2 m nut ESUr@iel + hehepul @ edpbpritel| ewad dinh wiatiner washiigg waywh de¥i nRg.
Then, a neutral salt spray test was carried out according to JIS Z2371,
lubricant, keeping of the spherical shape results in more
excellent formability in the subsequent forming step.
Accordingly, drying is desirably carr‘ied .out at a temperature
in the range of 70 to 130 °C.

The amount (thickness) of the resin film coated is
preferably 0.2 to 2.5 g/m’ after drying. When the resin film
is too thin, uniform coating onto the metal sheet is difficult,
and the objective balanced film characteristics such as
formability, corrosion resistance, and coatability are
difficult to obtain. However, when the coating amount exceeds
2.5 g/m?, the grounding property when the resin-coated metal
sheet is used in a computer housing or the like, namely, the
conductivity is unfavorably reduced. Further, the amount of
the resin film to be peeled during press forming increases, so
that deposition of the peeled film onto the die occurs. This
inhibits the press forming, and is useless in terms of the
manufacturing cost. The more preferred lower limit of the
amount of the resin film to be deposited is 0.5 g/m?, and the
upper limit is 2.0 g/m?.

By forming a resin film, it is possible to obtain the

resin-cozted metal sheet of the present invention. The



and the length of time until white rust is fornmed in an anount of 1 %
was neasured. The evaluation criteria are as follows: double circle: 240
hours or nore, circle: less than 120 to 240 hours, triangle: |ess than
72 to 120 hours, and cross: less than 72 hours 22 (2) Tape peeling

resi stance To the resin-coated netal sheet, an adhesive tape (fil anent
tape No . 9510, manufactured by Sliontec Corp.; rubber type adhesive)
was attached. The netal sheet was stored under a 40 C, 98 %H at nosphere
in a constant-tenperature constant-hum dity device for 24 hours. Then,

the tapervesn-pested méfal hateaft amyageoLeh NGt o Jc'qsaKfl's"f‘:QPn%F’stdegéser m ne
| a r

the residual areal ratio of the film The evaluation crite € as

fol | ows: ag@uhleegi rad e:itfi k@ r@@@éﬂﬂg?raéd 0+14Q0 %tsﬁa&éeipuﬁgééé‘%.
remaining ratio 90 to 99 % triangle: Tilmremaining ratio” 89 to 70 %

and croskltéihatieshyniitgmaatdlesoife ¥udr dcess té 3h Loadf cdgilsof s glynami ¢
friction In order to evaluate the lubricity of the resin-coated netal

sheet, thedwd dovettiags/ isdilngpatntipgessddrd eenbeneeofbl Gndh MRhand a
drawi ng speed of 300 mm m n was determ ned by neans of a sliding test

device, tdereby te tabcud afer thegoefd ite) ent nigh tdgyamsCphr hekiqon .
Experinental Exanple | (Effects of type and anpbunts of the organic base
and the Framplealt) As the netal sheet material, an el ectrogal vani zed
steel sheet (2n coating anmount 20 g/ n2, sheet thickness 0.8 mm was
used. | n orderBelowr dfer prasesmdsiont conpodilt berdesartidbeanby way of

examples in more details. Howeﬁer, the following examples
should not be construed as limiting the scope of the present
invention, and it is understood that the present invention can
be practiced with appropriate modification within a scope of
the present invention, all of which is included in the present
invention.
[(Testing method]

The testing methods used in the following examples are
as follows.

(1) Corrosion resistance after degreasing step

In 20 g/l of an alkali degreasing agent ("CL-N364S"
manufactured by Nihon Parkerizing‘Co. » Ltd.) adjusted to 60 °C,
a resin-ceoated metal sheet was dipped‘for‘z minutes, and then
pulled up, followed by water washing and drying. Then, a
neutral salt spray test was carried out according to JIS 22371,
and the length of time until white rust is formed in an amount
of 1 % was measured. The evaluation criteria are as follows:
double circle: 240 hours or more, circle: less than 120 to 240
hours, triangle: less than 72 to 120 hours, and cress: less than

72 hours
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aut ocl ave, 626 parts by mass (which is hereinafter sinply referred to as
"parts") of water, and 160 parts of an ethylene [/ acrylic acid copol yner
(acrylic acid 20 mass% nelt index (M) 300) were added. Further, an
organi ¢ base and a netal conpound 23 were added in amounts each shown in
Table 1, with high speed stirring under a 150 C, 5 Pa atnosphere,
resulting in an enulsion of an ethylene / acrylic acid. copolyner.
Subsequently, to the resulting enulsion, 4,4'-bis(ethyleninino

car bonyl am no) di phenyl rret hane (" CHEM TI TE DZ-22E"; "CHMTITE" is a trade
name; manufact pgedp by, ﬁ Ltd.) was added as a
crosslinki ng agent |n an anouht o mass% on a solid content basis (the

val ue when thergolingd cPBLEAL 6L teah%needyal S§He £ONDRS| TaHBPsh§et as 100
mass% : the sanme applies to the fol | ow ng %’o the resulting mXture, as

anot her Ffp§§rhé1@{<'t%9>eaﬂ§”t951(09Xﬁ~§ﬁﬂﬁ£c€u9§§b‘}f'i(lf%@&@%} @ Qlped Ayl

gr oup- contai ni ng conpound ("E which iIs here| nafter referred

as CR5LtypERIdHIN'vd )S wa st aadscnaae, m%@sw@éﬂewa@%%%’mxid% AND
CHEM CALS Inc.) in an anobunt of.5 mass%on a solid content basis, SI l'ica

-particles atircg pamti grg diagBkeheft 104t 05 20- /U0 {1y
Tanuf act ur o by Ki SOAN GHEM CAL TRBIGTR ES LSy et

mass% orcensoind-tant @éntybdsivsceadr 24splaariscal Thehyetthyl egparaxasM th a
softening point of 120 C and an average particle dianeter of 1 min an
anount gfedl edisshs tdrere fsoin docortddny basy S wersd taddeddst 4 tm Bt riHeng t o
prepare each emul sion conposition. Onto one side of the gal vani zed st eel
sheet, ewhidenhpasiali pathastoaecsd by. medhs ofaladidrorcoai teriandcheat ed
and as follows: double circle: film remaining ratic 100 %, circle:

film remaining ratio 90 to 899 %, triangle: film remaining ratio

89 tc 70 %, and cross: film remaining ratio 70 % or less.

(3) Coefficient of dynamic friction

In order to evaluate the lubricity of the resin-coated
metal sheet, the lcad due to sliding at a pressuring force of
5.4 MPa and a drawing speed of 360 mm/min was determined by means
of a sliding test cdevice, thereby to calculate the coefficient
of dynamic friction
Experimental Example 1 (Effects of type and amounts of the
crgenic base and the metal salt)

As the metal sheet material, an electrogalvanized steel
sheet (Zn coating amount 20 g/m?, sheet thickness 0.8 mm) was
used.

In order to prepare an emulsion compesition, into an
autoclave, 626 parts by mass (which is hereinafter simply
referred to as "parts") of water, and 160 parts of an ethylene

/ acrylic acid copolymer (acrylic acid 20 mass%, melt index {MI)

300) were added. Further, an organic base and a metal compound
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dried at a sheet tenperature of 90 C for 1 minute. This resulted in a
resin-coated steel sheet in which a resin filmwas formed in a coating
anount of 1.0 g/m®. The respective evaluation 24 results are shown in
Table 1. 25 Table 1 Type of amine, Type of netal salt, Corrosion Tape
No. and amount thereof and anount thereof resistance peeling

(mol % (ol %9 after resistance degreasing 1Triethyl am ne20NaCHL5

2Tri et hyl am ne40NaOH15 3Tri et hyl ami ne60NaCH150p 4Tri et hyl ani ne70NaCH150
STri et hyl am ne80NaCH150Qo 6Tri et hyl am ne40NaGH200

T h Laaine Tr ani OH20
i AR RSN s s

stirring under a2 150 °C, 5 Pa atmosphere, resulting in an
emulsicncf anethylene / acrylic acid copolymer. Subsequently,
to the resulting emulsion, 4,4’ -bis{ethylenimino
carbonylamino) diphenylmethane ("CHEMITITE DZ-22ZE";
"CHMITITE" is a trade name; manufactured by NIPPON SHOKUBAI Co. P
Ltd.) was added as a crosslinking agent in an amount of 5 mass%
on a solid content basis (the value when the solid content of
the emulsion composition is taken as 100 mass%: the same applies
to the following).

To the resulting mixture, as another crosslinking agent
(external crosslinking agent), a glycidyl group-containing
compound ("EPICLON CRS5L" (which is hereinafter referred as
CR3SL: "EPICLON" is a trade name; manufactured by DAINIPPON INK
AND CHEMICALS Inc.) in an amount of 5 mass% on a solid content
basis, silica particles with a particle diameter of 10 to 20
nm ("SNOWTECHS 40"; manufactured by NISSM CHEMICAL INDUSTRIES
Ltd.) in an amcunt of 30 mass% on a solid content basis, and
a spherical polyethylene wax with a softening point of 120 °C

and an averade particle diameter of 1 pm in an amount of 5 mass%

on a solid content basis were added with stirring to Prepare
each emulsion composition.

Onteo one side of the galvanized steel sheet, each
composition was coated by means of a bar coater, and heated and
driedat a sheet temperature of 90 °C for 1 minute. This resulted
in a resin-coated steel sheet in which a resin film was formed

in a cecating amount of 1.0 g/mm®.  The respective evaluation

24



12Tri et hyl am ne20NaOH200 13Tri et hyl am ne80NaOH400

14Tri et hyl am ne20NaOH400 15Tri et hyl am ne80NaCOH200

16Tri et hyl am ne40KOH1500 17Tri et hyl am ne40Li OH1500

18Tri et hyl am ne4ONaCHI A 19Tri et hyl am ne40NaCH4500

20Tri et hyl am nel8NaOH15b16 21Tri et hyl ami ne85NaCHL5Ap

22Tet ranet hyl di am nonmet hane20NaOH15(c) 0

23Tet ranet hyl di am nonet hane40NaOH15

24Tet ramet hyl di am nonmet hane60NaOH15Co( ¢)

25Tet r anEeRyLdFarrBoABPNAN@B0RaDHES5Ec) O 26 Armoni a40NaOHL5AX

27Et hyl enedi am ne40NaOH15Ax 28Monoet hanol am ne40NaOHL5xx

29D et hanol am ne40NaOH15xx 30Ammoni a60NaOH15xx 1), 2): Mol % per nol e of

t he carboxylic groups in an ethylene-acrylic acid copol yner 26
Experinmental Exanple 2 (Effects of crosslinking agent anount) Each
resin-coated steel sheet was obtained in the sanme manner as with
Experimental Exanple 1, except that the amount of triethylam ne used was
made constant at 40 % that the amobunt of NaOH used was made constant at
15 % and that the anount of the "CHEM Tl TE DZ- 22E" was changed as shown
in Table 2. Then, each resin-coated steel sheet was evaluated for the
characteristics. The results are shown in Table 2.
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Tabl e 2 DzZ-22E M xi ng Corrosi on Tape peeling No, concentration resistance
after resistance (mass% degreasi ng 31100 3230 335Qoop 3410 351500 362000
370. 3xA 3825XX 1): Concentration in the solid content of an emul sion
conposition Experinental Exanple 3 (Effects of silica particles) Each
resin-coated steel sheet. was obtained in the same manner as with
Experinental Exanple 2, except that the anmount of the crosslinking agent
was the same as with Experinental Exanple 1, and that the particle

di aneter and the m xing concentration of the silica particles were
changed Tasleshown in Table 3. Then, each resin-coated steel sheet was

P~ £ + h t H + 1 1
eval uat ed—For—the—echaracter+stt+es—Fhe fresu-ts—are—showjn-Table 3. 27

Tabl e 3|Sili|ca par tlypé¢ garrdexi ng Type of metal salt, Corrosion Tape
No. and amount thereof ” and amount thereof ¥ res;:aerrwce peeling
{mol%) (moi%) degreasing resistance
1 Triethylamine 20 NaOH 15 @ ©
2 Triethylamine 40 NaOH 15 (@) ©
3 Triethylamine B0 NaOH 15 © ©
4 Triethylamine 70 NaCH 15 © @)
5 Triethylamine 80 | NaOH 15 O ©
8 Triethylamine 40 NaOH 2 O O
7 Triethylamine 40 NaCH 5 © O
8 Triethylamine 40 NaOH .10 © ©
g9 Triethylamine 40 NaOH 20 © ©
10 Triethylamine 40 NaOH 30 © (]
11 Trielhylamine 40 NaoH 40 O ®
12 Triethylamine 20 NaQH 2 O O
13 Triethylamine B0 NaOH 40 @] ©
14 Triethylamine 20 NaOH 40 Q ©
15 Triethytamine 80 NaOH 2 O O
16 Triethylamine 40 KCOH 15 Q O
17 Triethylamine 40 LiOH 15 @) @)
18 Triethylamine 40 NaOH 1 Fal X
19 Triethylamine 40 NaOH 45 A @)
20 Triethylamine 18 NaQH 15 aN A
21 Triethylamine 85 NaOH 15 A Fa¥
22 | Tetramethyldiaminomethane | 20 NaOH 15 © @)
23 | Tetramethyldiaminomethane | 40 NaOH 15 © ©
24 | Tetramethyldiaminormethane | €0 NaOH 15 (@) ©
25 | Tetramethyldiaminorethane | 80 ‘NaCH 15 © O
26 Ammonia 40 NaOH 15 A X
27 Ethylenediamine 40 | NaOH- 15 A x
28 Monoethanolamine 40 NaOH 15 x b
29 Diethanolamine 40 | NaOH 15 x x
30 Armmonia &0 NaoH 15 X X

1), 2): Mol% per mole of the carboxylic groups in an ethylene-acrylic acid copolymer
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Corrosion No.Particle jy resistance after Tape peeling dianeter

(nm concentration degreasingresi stance (rnass% 394 to 630 4010 to
2030(c)(c)o 4130 to 50300 4240 to 200300 43101020500 4410t 0201000

4510t 0201500 4610t 02020(c) 4710t 02026(c) 4810 to 2030 4910 to 2035
501010204000 5110t 0203Ap 5210 to 2045bA 531 or |ess3000 54200 or nore30
1): Concentration in the solid content of an enulsion conposition
Experimental Exanple 4 (Effects of wax) Each resin-coated steel sheet was
obtained in the sane manner as with Experinmental Exanple 2, except that
the partExperimental Example 2 (Effects of crosslinking agent amount)

Fach resin-coated steel sheet was obtained in thé same
manner as with Experimental Example 1, except that the amount
of triethylamine used was made constant at 40 %, that the amount
of NaOH used was made constant at 15 %, and that the amount of
the "CHEMITITE DZ-22E" was changed as shown in Table 2. Then,
each resin-coated steel sheet was evaluated for the

characteristics. The résults are shown in Table 2.

Table 2
DZz-22E M?)'(ing gorrosion Tepe peciing
No. | concentration ¥ resistance after i
(mass%) degreasing resistance

31 1 O 0]
32 3 © O
33 5 © ©
34 10 © @
35 15 o) e
38 20 C O
37 0.3 b A
38 25 X X

1}: Concentration in ihe solid content of an emulsion composition
Experimentzl Example 3 (Effects of silica particles)

Each resin-coated steel sheet was obtained in the same
manner as with Experimental Example 2, except that the amcunt
©f the crosslinking zgent was the same as with Experimental
Example 1, and that the particle dizmeter and the mixing
concentration of the silica particles were changed as shown in
Table 3. Then, each resin-coated steel sheet was evaluated

for the characteristics. The results are shown in Table 3.
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di anmeter and the m xing concentration of the silica particles
the sanme as with Experinenta
di aneter, the m xing concentration,
spherical polyethyl ene wax were changed as
resi n-coated steel
results are shown in 28 Table 4. Table 4 Spherical
waxCorrosion Particle M xing Softening, :
No. di amet er concentration tenperature dynam c after peeling
(pm (mastye(L£) fri cti ondegr easi ngresi stance 551. 00. 51200. 085

sheet was

Exanple 1, and that the

and the softening

Coefficient of

were as
particles
tenperature of the
shown in Table 4. Then,
eval uated for the characteristics.
pol yet hyl ene
resi stance Tape

561.011200,070.571. 051200 _065(c) 58 1.0 10
Silica particles
— Corrosion Tape peelin
No. Particle Mixing resistance after Pe peeing
. concentration V deareas; resistance
diameter (nm) egreasing
{mass%)
39 4106 30 Q@ ©
40 1010 20 30 © ©
41 30 to 50 30 . (@) ©
42 40 to 200 30 O ©
43 10 to 20 5 O o)
44 10 1o 20 10 O O
45 1010 20 15 ) 'e)
46 1010 20 20 © ()
47 10to0 20 26 @ ©
48 10 to 20 30 © ©
49 10 to 20 35 © ©
50 10 to 20 40 O O
51 10 to 20 3 A A
52 10 to 20 45 ¥y Fay
53 1 or less 20 @) O
54 200 or more 30 Fa¥ Fay

1): Conceniration in the solid content of an emulsion composition

Experimental Example 4 {(Effects of wax)

Each resin-coated steel sheet was obtained in the same
manner as with Experimental Example 2, except that the particle
diameter and the mixing cqncentration cf the silica particles
were as the same as with Experimeﬁtal Example 1, and that the
particles diameter, themixing concentraticn, and the softening
temperature of the spherical polyethylene wax were changed as
shown in Table 4. Then, each resin-coated steel sheet was

evaluated for the characteristics. The results are shown in
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120 0.065 591.0151200. 065 601.0201200. 06500 61 1.0 0.3 120 0.125 (c) Qo
621. 0251200. 065d 630. 151200. 085 640. 351200. 065 650. 551200, 065

661. 051200. 065 671. 551200, 077 683.051200. 08500 69<0. 151200. 248(c) Qo

703. 551200. 125Ap 711.05800. 0680 721.051000, 064(c) (c) 731.051200. 065
741.051400. 072(c) 751.05700.07016p 761.051500. 262A 1): Concentration in
the solid content of an enul sion conposition The foregoing invention has
been described in terns of

Table 4.
Table 4
Spherical polyethylene wax Coefficient of Co.rrosion 'Tape
No. | Particle Mixing | softening dynamic reststance peeling
diameter | concentration " | temperature friction after resistance
(um) (mass%) C) - degreasing
55 1.0 0.5 120 0.085 © ©
56 1.0 1 120 0.070 © ®
57 1.0 5 120 0.065 @) @
58 1.0 10 120 0.065 @ @
59 1.0 15 120 0.065 © (o)
60 1.0 20 120 0.085 O @)
61 1.0 0.3 120 0.125 © @
62 1.0 25 120 0.085 A A
63 0.1 5 120 0.085 ® ©
64 0.3 5 120 0.065 © @)
65 0.5 5 120 0.065 © ©
66 1.0 5 120 0.0B65 &) ©
67 1.5 5 120 0.077 @ G
68 3.0 5 120 0.085 O e
(51:] <0.1 5 120 - 0.248 © ©
70 3.5 - 8 120 0.125 A FaX
FA 1.0 5 80 0.068 O ©
72 1.0 5 100 0.064 © ()
73 1.0 5 120 0.065 ® ©
74 1.0 5 140 0.072 ©) ®
75 1.0 5 70 0.070 Fa A
76 1.0 5 150 : 0.262 Y ©

1): Concentration in the solid content of an emulsion composiion

The foregoing invention has been described in terms of
preferred embodiments. However, those ski lled, in the art will
recognize that many variations of such embodiments exist. Such
variations are intended to be within the scope of the present

invention and the appended claims.



preferred enbodi nents. However, those skilled, in the art will recognize
that many variations of such enbodi nents exist. Such variations are
intended to be within the scope of the present invention and the
appended clains. 9 What is claimed is: 1. Aresin--coated netal sheet,
conprising: a netal sheet; and a resin filmcoated on the surface of the
netal sheet, the resin filmbeing obtained froman emnul si on conposition,
wherein the enul sion conposition conprises: an ethylene / unsaturated
carboxylic acid copolynmer as a main conponent; an amne in an anount
equal towRa®2 ie Qi8ifmek per nole of the carboxyl groups contained in the
ethyl ene / unsaturated carboxylic acid copolyner, the am ne having a

boi l'ing point Df Al1POs{hotokess mer ADNENSEENt AR s Gampound in an ampunt
equal to 0.02 to 0.4 nol per nole of the carboxyl groups contained in

the ethyleatal gneaturahad carboxylic acid copolyner; and a crosslinking
agent in an anount of 1 to 20 mass% per 100 mass% of the solid content
of the emulesiionfddnpositédon the swrfessd bikimngmagantsHea NghtWa: 9y Nor e
functional groups capable of reacting with the carboxylic groups
cont ai nefiiim bhengt bptehred finsmt anatedi saohoxyhpss fci sh copol yner, and
wherein the emul sion conposition does not substantially contain an am ne
havi ng a boi |l ivepoimttht empksidtmrnc@foCitiamdapesiswt: substantial ly
contain ammoni a. 2. The resin-coated netal sheet according to claim1,
an ethylene / unsaturated carboxylic acid copolymer as a main
component;
an amine in an amount equal to 0.2 to 0.8 mol per mole
of the carboxyl groups contained in the ethylene / unsaturated
carboxylic acid copolymer, the amine having a boiling point of
100 °C or less;
a monovalent metal compound in an amount equal to 0.02
to 0.4 mol per mole of the carboxyl groups contained in the
ethylene / unseturated carboxylic acid copolymer; and
a_crosslinking agent in an amount of 1 to 20 mass% per
100 mass: of the solid content of the emulsion compesition, the
crosslinkingagenthavingtwo<n:morefUnctionalgroupscapable
ofreactingwiththecarboxylicgroupscontainajintheethylene
/ unsaturated carboxylic acid copolymer, and
wherein the emulsion composition does not substantially

contain an amine having a boiling point of more than 100 °C,

and does not substantially contain ammonia.

2. The resin-coated metal sheet according to claim 1,
whereinintheethylene/Unsaturatedcarboxylicacidcopolymer,

10 to 40 mass% of the unsaturated carbexylic acid has been
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wherein in the ethylene / unsaturated carboxylic acid copolyner, 10 to
40 mass% of the unsaturated carboxylic acid has been 30 copol yneri zed. 3.
The resin-coated netal sheet according to claiml1l, wherein the am ne
having a boiling point of 100 Cor less is triethylamne. 4. The
resin-coated netal sheet according to claim:1l, wherein silica particles
W th an average particle dianmeter of 1 to 200 nmare contained it an
anount of 5 to 40 mass%in every 100 nass% of the solid content of the
emul sion conposition. 5. The resin-coated netal sheet according to claim
1, wherepohysphezégal pol yethyl ene wax is contained in an anmount of
0.5 to 20 mass%in every 100 nmass% of the solid content of the enul sion
conposition. 6. The resin-coated nmetal sheet according to claim1,
wherein a chromate filmis not formed on the netal sheet. 7. A nethod for
nmanuf act uri ng 3 hePhestes Doat @t ebtmd ta s hapie cE@t sl dithd oc €l @i 1,
conprising the steps of: preparing the enul sion conposition; coating the
enul si ornwicerpbsi th®nmmd haevieigla bbeelnhgapdinbeat iTey andodryiag the
nmetal sheet coated with the emulsion conposition. 8 The nethod for
manuf actw¥ieghyhemiesi n- coated netal 31 sheet according to claim?7,
wherein in the heating and drying step, heating and drying are carried
out at such a tenperature as to enable the reaction between the
crosslinking qgeqﬁland t he carboxyligfoups contained in the ethylene /

unsat ur at ed e resin-coated met sheet according to claim 1,
wherein silica particles with an average particle diameter of

1 to 200 nm are contained in an amount of £ to 40 mass$% in every

100 mass% of the solid content of the emulsion composition.

5. The resin-coated metal sheet according to claim 1,
wherein a spherical polyethylene wax is contained in an amount

0f 0.5 to 20 mass% in every 100 mass% of the solid content of

the emulsion composition.

6. The resin-coated metal sheet according to claim 1,

wherein a chromate film is not formed on the metal sheet.

7. A method for manufacturing the resin-coated metal
sheet according to claim 1, comprising the steps of:

preparing the emulsion composition;

coating the emulsion composition on the metal sheet; and

heating and drying the metzl sheet coated with the

emulsion composition.

8. The method for manufacturing the resin-coated metzl



carboxylic acid copolymer to proceed. 9. The nmethod for manufacturing the
resin-coated netal sheet according to claim7, wherein in the coating
step, the enulsion conmposition is coated such that the anmount of the
resin filmcoated after having been subjected to the heating and drying
step beconmes 0.2 to 2.5 g/nR. 32

sheet according to claim 7, wherein in the heating and drying
step, heating and drying are carried out at such a temperature
as to enable the reaction between the crosslinking agent and
the carboxyl groups contained in the ethylene / unsaturated

carboxylic acid copolymer to proceed.

3. The method for manufacturing the resin-coated metal
sheet according to claim:?, wherein in the coating step, the
emulsion coﬁposition is coated such that the amount of the resin
film coated after héving been subjected to the heating and

drying step becomes 0.2 to 2.5 g/m?’.
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