0 2 SEP 2004 RESI N- COATED METAL SHEET W TH GOCD WORKABI LI TY AND HEAT

RESI STANCE BACKGROUND QF THE INVENTION 1. Field of the Invention: TheSEP 2004
present invention relates to a resin-coated netal sheet with good

wor kabi l ity and heat resistance. 2. Description of the Related Art: Metal
sheets, particukaklry -G8)AeeD 2€gr 5L eshEsheatiTH woedb WoORXABDBITYC el ectric
appl i ances, QA apparatus, and buildings need not only such characteristic

properties as corrosion resi n fingerprint resistance,
and silk printability but aI§® g@ﬁvﬁgééégg#k#y and scratch resistance

for their working. This need is net by resin-coated steel sheets which are
gal vani zed steel sheets with chromate treatment and ensuing resin coating.
The resin coating |layer is conventionally fornmed froma matrix organic
resin having functional ggauRSRH ofpenatesd With a crosslinking
agent. Crosslinking makes the - resin coatlng Iayer hard and conpact. The
mat ri x organlc resin is further incorporated with silica or the |ike which
i mparts 1corrosi bt fesfstBfcd Ml S G At ch resistance. The coating layer 1is
al so inproved in workability and lubricity by incorporation wth an
organi ¢ | ubri carihe (paesenti dmvrrst posofedniteg poi m pesingcpagEd Jupyal

sheet with good workability and heat resistance.
2. Description of the Related Art:

Metal sheets, particularly galvanized steel sheets, used
for domestic electric appliances, OA apparatus, and buildings
need not only such characteristic properties as corrosion
resistance, paintability, fingerprint resistance, and silk
printability but also good workability and scratch resistance
for their working. This need is met by resin-coated steel sheets
which are galvanized steel sheets with chromate treatment and
ensuing resin coating.

The resin coating layer is conventionally formed from a
matrix organic resin having functional groups which is
incorporated with a crosslinking agent. Crosslinking makes the
resin coating layer hard and compact. The matrix organic resin
is further incorporated with silica or the like which imparts
corrosion resistance and scratch resistance. The coating layer
is also improved in workability and lubricity by incorporation
with an organic lubricant {wax) which has a softening point of
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80- 140C depending on the die tenperature at the tine of working.
Resi n-coated steel sheets vary in paintability (film adhesion afteru 2004
pai nting or silk screen printing) which inproves according to the nu%égr

of functional groups remaining without reaction with the crossl

I nki ng

agent i ngphe 41Psi MeSOALENY dANe diThismbErReGaUSLSr WHeRE R0k UNSEKk DRG
groups in the resin coating |ayer react with the crosslinking agent

contained in the paint ied Laten. Int ase. o Lo
containing an gFﬁéﬁf&ﬁ%ﬁﬁﬂc%ﬁ?e wﬁ%ﬁe%%eb§ﬁ§ﬂ§§ % égﬁéglgﬁﬁ
better the paintability, because wax hardly contains functional

onfe i e

groups. A

convent i adhkesimn of tegeprpigtimg eons i bliceoeen nriut iegbiliebrinp¥RUbF ity
(lubricity) and paintability was to control the amount of crosslinking

agent i NabRe rd@tid) tePhdNdumb@teb £S@uhkdl onke JWhs HemlWreded 6fi thout
functional groups remaining in the matrix resin balances with the amunt

f th ' | ubri . Me ' I ntj LK. :
Convant | BRAFIS b PG Re ER By ARAT b AL P A TRDC t S e2Be S35 4 Ak 5o

hard painting film However, the recent trend to inprove effici

inting is
%VG?Ve a

ency is

t oward aThighes tedkéwnge wrperat ed & Wabviana PAOushd ratbRoresinpaka hgngi ne
(1-5 mnutes) . It turned out that conventional resin-coated steel sheets

heat ed t 922Q0C QL ct2hA\G RREORRE 1tk IHPRAMOfcddea 1068Ni gOBRENGakAY e
getting soft if it has a | ow degree of crosslinking. Softening takes -2 0

2 SEP 2004

applied later. 1In the case of resin coating layer containing

an organic lubricant (wax), the smaller the wax content, the

better the paintability, because wax hardly contains functional

gYroups. A conventional way of meeting the contradictory

requirements for workability (lubricity) and paintability was

to control the amount of crosslinking agent in the resin coating

layer so that the number of unreacted functional groups remaining

in the matrix resin balances with the amount of the organic

lubricant.

Meanwhile, painting or silk screen printing is

conventionally followed by baking at 130-160°C for 20-30 minutes

to give a hard painting film. However, the recent trend to

improve efficiency is toward a higher baking temperature (about

200°C) and a shorter baking time (1-5 minutes). It turned out

that conventional resin-coated steel sheets heated to 200°C or

above encounter the problem of the resin coating layer getting

soft if it has a low degree of crosslinking. Softening takes
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place nmore easily as wax softens and nelts. A resin coating layer which has
got soft makes the painting filmthereon | ook poor of ter its curind2§EP 2004
decreases in adhesion to steel sheets and also decreases in cohesion
therein. Such a resin coating |ayer would cause the painting filmto peel

of f togettecewidte ehsidysas Wagenef tpastordutdd % estst eThBS O3 hend SV
coating layer should have inproved heat resistance if painting film

thereon Jis; LR 1ExdpBitt s 0 SR RG KA € AEAPE En 8H g AHTES it®e rafdrel cbkSp St T e A
pOSS|F!ekmay to |npr8ve heat resistance is to increase the anpunt of the
crosslinking agent added to the matrix, resin o that .the coating |laye
becones Het deRTaRE 8BApAECELARRF 1P #%Rﬁ&%OPOE?hB ﬁF%Dfsefﬁg é%hﬁ@M%¥ t he
organi c lubricant which decreases the strength of the painting film at

hi gh t ergpec aéabes. in dotes apprdtearadad. t Hatclwer kabiihi tgageng aoer weaskd
resistance is inproved to some extent by increasing the amunt of ‘the

crossl | ”ﬁ@gea&%‘%ﬁ%?j}?g} ‘i‘i*i'ug%y?é‘ PS¢ R SO ILRI] kaels r illideént
kegpln? ke anound 0 L € organic lTubricant (wax) at a fixed level in

order to keep good workability. This way of inproving,_heat resi.sf{ance
suf f er s ReRf AF 2a8FENEESE Sof S%é’éentti% ’}/%‘H’Fi {‘:TE?FFE? LRYFA é?ﬁ‘cc’.“r%gé f}ha"e

e

anount of the crosslinking agent wth the anpunt of the lubricant.
Mor eoverimphevedi Seaberepbssabicki 1§ péinhéngesihmcoleragn| yefo mythibit
containing sufficient unreacted functional groups to react with the cross

I_igngi gg 5%%3%855@5\%%@%& ngafidl bat atthed i ofufim@l baking. This |eads

A possible way to improve heat resistance is to increase
the amount of the crosslinking agent added to the matrix resin
so that the coating layer becomes harder and compacter and to
reduce to the utmost the amount of the organic lubricant which
decreases the strength c'»f the painting filmat high temperatures.
It is apprehended that workability gets poor. Heat resistance
is improvead to some extent by increasing the amount of the
crosslinking agent so as to highly crossliink the coating layer
while keeping the amount of the organic lubricant (wax} at a fixed
level in order to keep good workability. This way of improving
heat resistance suffers the disadvantage of presenting
difficulties in balancing the amount of the crosslinking agent
with the amount of the lubricant. Moreover,.there is the
possibility of the resin coating layer not containing sufficient
unreacted functional groups to react with the crosslinking agent

in the painting film at the time of final baking. This leads
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to poor paintability. Under these circunstances, a neans to nake

workabi lity (lubricity) paitability, and heat resistance conpati bl ¢ W8EM2004
each ot her has been sought. OF THE The present invention, which was
conpleted in view of the foregoing, is directed to a resin-coated netal
sheet, ac@pooassaiheabplddyci nYnider tinels e aistduges faRc e8| ympansTHemake
resin-coated netal sheet has as good workability, corrosion resistance,
pai ntabi | it and, scr Lesi, sfance - Onvent | k rgehR- e¢estiedasicel
sheet s. "f?rgﬁl% Tﬁ§¥ gggggﬁégﬁt e}si faealﬁ'iaeﬁtolhmatt%' pg??ri ts high-tenperature
baking to finally cure the painting filmand silk screen print film This
good heatompatibiacwitht fAcIT el g PBeRo8aUFRitt ability. According to
the present invention, the resin-coated netal sheet with good workability
and heat resistance | HpJIHEF INESIRMARN G AHE ENVERTION oat i ng | ayer
conprises a matrix resin having in the nolecule at |east either active
hydrogen or fuypctional grQups,. .an. or i ri I St i EWOSE I dHEKI ng
agent capable o ¢ &LRS t\ﬁirfvhé%taﬁoﬁ'nag%pic% kﬂgtsg;i E?ﬁgﬁg%iégonég
crosslinking agent capable of reacting wth said matrjx resin, _wherein

sai d seciorleapdngl i hkidiragbad &2 & £¢SdfosAaid M tebaltsoh i PFOSH S’
matrix resin at a higher tenperature than said first crosslinking agent
does. Thesf Q5£8@1BIng0NET I hHEI aNmeehoit Sorhesimpr ix .reShe resis-E2a8EM 2004
undergo crosslinking reaction in tw stages. In the first stage,

metal sheet has as good workability, corrosion resistance,

paintability, and scratch resistance as conventiconal resin-
coated steel sheets. It also has good heat resistance that
permits high-temperature béking to finally cure the painting
film and silk screen print film. This good heat resistance,
therefore, leads to good paintability.

According to the present invention, the resin-coated
metal sheet with good workability and heat resistance 1is
characterized in that the resin coating layer comprises a matrix
resin having in the molecule at least either active hydrogen ox
functional groups, an organic lubricant, a first crosslinking
agent capable of reacting with said matrix resin, and a second
crosslinking agent capable of reacting with said matrix resin,
wherein said second crosslinking agent starts crosslinking
reaction with said matrix resin at a higher temperature than said
first crosslinking agent does.

The foregoing constitution permits the matrix resin to
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the first crosslinking agent brings about crosslinking reaction to such an
extent that the resin coating |layer has sufficient scratch resistangqggpzmu
subsequent steps. In the second stage (for baking at a high tenperature

for a short time) , the second crosslinking agent, which has remai ned

unreact aghddrybecfbist inRiagereLd Obshiinkewo e apd ¢ i x Treshe forgt e e,
conpact resin coating |ayer which resists softening by heat. In this way

compact resin coating [ ayer whic! ! heat . T'n this
cach ora? Lrist (AT KD Lh A £ eI P PR se A Arte P g

preferably be 130C or below for the first crosslinking agent and 135C or
above forotéecheanngxteodsitivedi niagesrin AozbiBInABYER HRSasutficient
| owt enperature crosslinking epoxy resin (as the first one) and a nel am ne

resin _(aécf?ﬁcﬁ_efé’é‘ﬁs PERL el 8dBEURRNt TDEPS .1 WonCrIns Skeicidngt agentSoxr
significantly differ in the tenperature at which they start crosslinking

reaction. According to.the present_invention, the resin-cpat heet
with godPKbPrRalY i?ygéﬁg‘ h %{epﬁaFgan? 5 ERaF&ct e{r]rl'gfejij ?get kr%%@% g

resin coating layer conprises a matrix resin having in the nolecul e at

| east eidihessadnkiamdhadreagen wiri cl umes i peaR igegupsreaftadyaddt theritaht, a
first crosslinking agent capable of reacting wwth said matrix resin, and a
second crosslinklng) agrBteaRaRke x0f e § £AGId §Oveid Bompad traesin cestimg5 0

2 SEP 2004 “"wherein said first crosslinking agent is present in a form
layer which resists softening by heat. In this way it is possible
to make workability and heat resistance compatible with each
other.

The temperature at which crosslinking reaction starts
should preferaﬁly be 130°C or below for the first crosslinking
agent and 135°C or above for the second crosslinking agent. A
combination of a low-temperature crosslinking epoxy resin (as
the first one) and amelamine resin {(as the second one) is adequate.
These two crosslinking agents significantly differ in the
temperature at which they start crosslinking reaction.

According to the present invention, the resin-coated
metal sheet with good workability and heat resistance 1is
characterized in that the resin coating layer comprises a matrix
resin having in the molecule at least either active hydrogen or
functional groups, an organic lubricant, a first crosslinking
agent capable of reacting with said matrix resin, and a second
crosslinking agent capable of reacting with said matrix resin,
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resulting fromreaction with said matrix resin and said second

crosslinking agent is present in a substantially intact form \MtrunﬁZSEpzm‘
reaction with said matrix resin. The foregoing constitution may be

realized by utilizing the fact that the two crosslinking agents start

reacti oRndAd: h h@a®d I f Xr§ €Sichoats 1 idifref eageh@npay apressnedr iy aarfiopmg
out the process such that only the first crosslinking agent reacts with

the matrix resin. The foreqgoi.ng constitution,of the resin-,coat.aed I
Shoet | FaaH CAtE, 200 TRACRADM: HECPesrAtBaERF Poser eadr aaid sseeBd | o,
product of the matrix resin and the first crosslinking agent before it

under goesxdrakl gk Anga algieglt tiommeresent for aassherttantiakly Thetpesi fogduat ed
netal sheet in this state is also within the scope of the present

i nventi gn.pfhdesirableishateits ssieha theérike Fé&sh. Crosslel NkbRe grgery
does not remain substantially intact without reaction with the matrix
resin before the  high-t erature ort-ti baki st ep. ,The resi

coat i ng CA%&et tRR1LH lgagﬁg?er?-,%ﬂsl ﬁﬁ‘ggb%cur%ﬁﬁ”rrégi é}?%réaeco%lut 1hy €ie two
fabrication. Another desirable state is such that the second crosslinking
agent i rcmasahbokingf abe2(: astds temeiaes iogubet bt ithlel yatikt raStRoAt
reaction with the matrix resin before the high-tenperature short-tine

baki ng %ieﬂofeif@ﬁtr@é&aeraea&ie@,gokawrcafwbﬁ% si etth eheddselsndievsis
softening due to crosslinking reaction by the first crosslinking agent in

the -6 00n21yS tliF; 2foior4stbaékrlonsgs]:s:{rﬁping agent reacts with the matrix resin.

The foregoing constitution of the resin-coated metal
sheet is characterized in that the resin coating layer contains
a reaction product of the matrix resin and the first crosslinking
agent before it undergoes baking at a high temperature for a short
time. The resin-coated metal sheet in this state is also within
the scope of the present invention. A desirable state is such
that the first crosslinking agent does not remain substantially
intact without reaction with the matrix resin before the
high-temperature short-time baking step. The resin coating
layer in this state has good scratch resistance during
fabrication. Another desirable state is such that the second
crosslinking agent in an amount of 1-20 mass% remains
substantially intact without reaction with the matrix resin
before the high-temperature short-time baking step. The resin
coating layer in this state effectively resists softening due

to crosslinking reaction by the first crosslinking agent in the
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The above-nentioned resin coating |ayer may optionally contain silica. The
above-mentioned organic |ubricant should preferably be contained in(hsEp 7004
resin coating layer in an anmount of 0.5-20 mass. The present invention Is
also directed to a process for producing a resin-coated netal sheet with
good wordedbingtytand heat resistance, said process conprising the steps of
coating a netal sheet with a conposition to forma resin coating |ayer,
said composi tiyon ¢AOLal ALAY i IisLASID AT hYekhandipl epdlionaaliy east
ei ther active hnydr ogen or functional groups, an organic |lubricant, and
more than two kinds of crosslinking agents capabl e . of crosslinkin

reacti orf e EdiBafdliGeri xThEsRROVENA eI EAN S OT$eP £0at BT AELTE se‘ﬁ‘g’él[l%nder
the condition that one of said crosslinking agents reacts with said matrix
resin byirdferebherbeofonsthiinedoss| i nkimgs ayerdst doesl ane r risman wirtdustai d
matrix resin. The present invention is also directed to a process for

pr oduci NG aorgggﬁ-ﬁggtsgsd nmetal sheet with good workability and heat

resi stance, sald procCess conprising the steps of coating a netal sheet
with a conposition to forma resin coating |layer, sajd conposition

contai ning a mefhe P¥REPRLHERYRBELAN: A& F‘Qcﬁlléecéteaal &R BTSSR ATV e
hydr ogen or functional groups, an organic |lubricant, and nore than one

ki nd of gresstinki agragentcecapaldl metefll ehessl wilthngoodawoirdma bl it v o6 rd
matrix resin, and heating and -7 0 2 SEP 2004 drying the coated netal

sheet at, &, { eppgigtiunt NGl d $YMY comprising the steps of coating

a metal sheet with a composition to form a resin coating layer,
said composition containing a matrix resin having in the molecule
at least either active hydrogen or functional groups, an organic
lubricant, and more than two kinds of crosslinking agents capable
of crosslinking reaction with said matrix resin, and treating
the coated metal sheet under the condition that one of said
crosslinkihg agents reacts with said matrix resin but the other
of said crosslinking agents does not react with said matrix resin.

The present invention is also directed to a process for

producing a resin-coated metal sheet with good workability and
heat resistance, said process comprising the steps of coating
a metal sheet with a composition to fbrm a resin coating layer,
said composition containing amatrix resin having in themolecule
at least either active hydrogen or functional groups, an organic
lubricant, and more than one kind of c'rosslinking agent capable

of crosslinking reaction with said matrix resin, and heating and
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than the crosslinking reaction starting tenperature of one of the
crosslinking agents having the | owest crosslinking reaction starting? SEP 2004
tenperature but is |ower than the crosslinking reaction starting
tenperature of the other of the crosslinking agents havjng. the Fi. est
crossl i ldltiyﬁglge:aoeicmrais@@irméhglt%h%%ﬁa%br%.te%%rﬁé‘éfﬁnﬁhéaa dPy ?\g §tep
shoul d be carried out in such a way that substantially no crosslinking

reaction,takes bl ace;bei WRERy the MAldH % thaai imantemper at utheofr osel iorfki ng
agents having the | ghest crosslinking reaction starting tenperature. A

preferred tenperature for the heati.,n d dryin | ol

r esi n- c63% rRdts i YRR agethe Ve‘é%n?p’feng%ﬁ?fs’gné%rzggﬂEﬁggpgogggc 1o
addi tional step of heating a painting filmformed on the_surface of the
resin ceald g hqyeEmmér @t b eaperater owe gt hath6Bghc T 0 SERB KRG FR2FEIIAT t o
react wth the crosslinking agent remaining intact in the resin coating

llayer. Th i | 8] SPe WoithbR bt theoper@dsl ek pngsengtents
i nventi 5’&? D@ B%@%FE#%\# ?i:@TII'S-I}Ee DRAWNGS Fig. 1 is a schematic

representation of DTA chart illustrating the.te ur e ' the
crossl i MAPS ddeg iTohBP et Bres e F"-’rl%\?bg—l?ﬁEB EFER L%EE%%]%FI\I}EIII\%S The

resin-coated netal sheet of the present invention -8 0 2 SEP 2004
consi st gf reaEiny shtelryinmgastesishewbd by Jayeied RWedHFuch a way

(XD
f—
H
rr
e

that substantially no crosslinking reaction takes place between
the matrix resin and one of the crosslinking agents having the
highest crosslinking reaction starting temperature. A
preferred temperature for the heating and drying step is B80-
120°C.

The resin-coated metal sheet of the present invention may
undergo an additional step of heating a painting film formed on
the surface of the resin coating layer at a temperature high
enough for the matrix resin to react with the crosslinking agent
remainingintactintheresincoatinglayer. This coating method
is also within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic representation of DTA chart
illustrating the temperature at which the crosslinking reaction

starts.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The resin-coated metal sheet of the present invention
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at |l east one side thereof. It does not suffer sticking or blocking during
storage in piled or coiled formbecause the resin coating |ayer is ?% Bf

a matrix resin which has already been crosslinked by one crosslinki 2@ EP 2004
agent. Moreover, the resin coating layer is not liable to scratching

during fadmsiatsonf @smehads sdleiettt iangd Ppurkchih CRREN 8 ot AYRYE) fBéé“ﬁLﬁ’sg’Qt

has an adequate hardness owing to the first crosslinking systemand it

cont ai nsa@nlgragq.'nign%uggggartphm%_ | MR tg% AP 0flo E0Isu@F et steskshanaer and
scratch résistance. In addition, the resin coating |ayer offers good
paintability when painted with haking .finish.u r._ordinary._.c It (at
130- 160@¥%¢kQBQWW}%ﬂltsésc)ra%%&&ﬁégfﬁem?rﬁtorli])?%(rjggirr!{l1? gdlse @??ffé‘m?
contai ns an adequate anount of unreacted functional groups before baking.
Besi des,cédeingsiayeeatsngaliayef axhabiis geednhwhi clr dsissedicady HfRR
getting soft and good adhesion to the netal sheet and painting fil mwhen

't s paLpbed, (Rk A b SGLECR - RLNAd ANdabaked dloedigher chemasaiur o
for a shorter time than ordi nary bakl ng. T%IS I s because the resin coating
| ayer contains a second crosslinking agent re

| - | |0 "9, AL EAGLE R Of &
baki ng @RREFingokey amtid fidly HLRPAG BRkiST 2 cBRG"dr 0sslinki ng
system al so hel ps the baked painting filmto have a good appearance. A
det ai | ed(glesk' iapt i wfidde pnuehtingn wand fbemgpgen RGBS E- §tONASEFRB004
The matrix resin is not specifically restricted so |ong
adequate hardness owing to the first crosslinking system and it
contains an organic lubricant which imparts good corrosion
resistance and scratch resistance. In addition, the resin
coating layer offers good paintability when painted with baking
finishunderordinaryconditions(at130-160%:for20-30minutes)
because the matrix resin therein still contains an adeguate
amount of unreacted functional groups before baking.

Besides, the resin coating layer exhibits good heat
resistance without getting soft and good adhesion to the metal
sheet and painting film when it is painted (or silk screen
printed) and baked at a higher temperature for a shorter time
than ordinary baking. This is because the resin coating layer
contains a second crosslinking agent remaining unreacted before
baking and it comes into play during baking. The second
crosslinking system also helps the baked painting film to have

a good appearance. A detailed description of the invention will

be given below.



as It possesses active hydrogen and/or functional groups capable of
reaction with the crosslinking agent. Its preferred exanpl es includﬁ
nodi fi ed pol yolefin resin, polyurethane resin, acrylic resin, epoxy iéifdwm
and pol yester resin. They may be used alone or in conbination with one

anot her if theyrihaue gobs cogpatibitotyspedhbsealdyt hestorimtefd squdony

di spersion or solution are desirable for environment conservation.

Vodi {1 ed, plyRlLeLLn sk 0104 1 pRLYNLEUIATELE Sl B S AP YA€ chipapiidre

standp0|n I'ty, scratch™resistance pai ntabil'ity. The
former is nost desirable if corrosion resistance is taken into accqunt.
Modi fi edhakepsitdiamwisd hhRarsmbitbrae aftibs. PrePeetsd Fehetagwdes
groups are carboxyl groups. (A polyolefin resin nodified with carboxyl
groups GatDbedguRedi Pl edapol PBORELR D) refha, npdiyued thalngolrefsim r esiny liis
obt ai ned by polynerization from an olefin (such as ethyl ene, propylene,

and but ene .and an eth Jenlc r.at r;ooxy
(et i) aci S e SPaeY & o Yait o hBRV e, FeRay mh fﬁ%%c%%ﬂﬁ%%‘?ﬂ“e
together with one or nore optlonal cononomners. The anount of ethylenic
unsat ur atednceehoXYR Eé ORCY HE B RF ﬁnﬁFB?&Jaﬁ)HieHehiVﬁ@oﬁéisEWBFtltbf’ré‘ %'t al
anmount of nononer, so that the resulting nodified polyolefin resin

cont ai nsriask @der uaker aFRWE aQfu foiic B epalrs igirpupss d bu t Lan oxey degricgis)e | f
t he amount of carboxylic acid is less than 1 mass, the resulting nodified

polyol efd . re3L8 ronh@rt ZifefP9%1on. Modified polyolefin resin and

polyurethan'e resin are desirable from the standpoint of
workability, scratch resistance, and paintability. The former
is most desirable if corrosion resistance is taken into account.
Modified polyolefin resin has functional groups.
Preferred functional groups are carboxyl groups. (A polyolefin .
resin modified with carboxyl groups can be made into an ionomer.)
The modified polyoclefin resin is obtained by polymerization from
an olefin (such as ethylene, propylene, and butene} and an
ethylenic umsaturated carboxylic acid (such as {meth)acrylic
acid, maleic acid, fumaric acid, and itaconic acid) together with
one or more opticonal comonomers. The amount of ethylenic
unsaturated carboxylic acid should preferably be 1-40 mass% of
the total amount of .monomer. so that the resulting modified
polyolefin resin contains an adequate amount of functional
groups (or carboxyl groups). If the amount of carboxylic acid
is less than 1 mass%, the resulting modified polyolefin resin

=10 -




does not have sufficient functional groups and hence the object of the
present invention is not achieved. Mreover, it cannot be readily nﬂ?%EPZW‘
i nto an aqueous di spersion desirable for environnmental conservation.
Conversely, with carboxylic acid in excess of 40 mass, the npdified

pol yol ef inesesph Javedsubficbenh EWREFAGNRAYSFOBBSr 2NA RBRFBSTRA LSt ance
and water resistance. A preferred olefin is ethylene and a preferred

unsat ur a&?dtfi@r{a%%m agk@ritS dimishhaer ¥king eddd. @drasoweppl yrerimabt e
nmononers | nclude al kyl esters of (neth)acrylic acid such as nethyl

(meth)acryl ate, _ethyl nmet.h) acryl ate, and pr I h) a 5 sarl tic
nnnonersbesu%%aﬁélﬁ-d%ﬁ%?l§€§V%né? cﬁ?%?%%?yrgﬁé?e%%§%3in@%%%?ég%g; POE
hydr oxyl group-containing (nmeth)acrylate esters such as hydroxyethyl

(et h) aceyiatrenarch taldroxype opytionet fomeeybaly, with ¢a S &3¢t as
N-net hyl ol (neth)acryl am de; epoxy group-containing (nmeth)acrylate esters

such as. ; gl yGi AWl JETRidARI ¥ Atehe aRdal FELR) Be YRk |xs ieyi enys be
or

used al one in conbination wth one another. Any nodified polyolefin

Cr o5l | KEALA 19PaL LRBSSRMRE ngoabert HERT FESF Bce St LoAeSust 4 afabPE of

reaction with them The carboxyl group-containing polyolefin resin thus

obt ai nedrebasltchmresf ermbpyelferyedd drefie fior MfY epeoasd @& Hertrpred

(emul sion) or iononer after reaction with alkali -11 0 2 SEP 2004
unsaturated carboxylic acid is (meth)acrylic acid.

Other copolymerizable monomers include alkyl esters of
(meth)acrylic acid such as methyl {meth)acrylate, ethyl
(meth)acrylate, and propyl (meth)acrylate; aromatic monomers
such as o-methylstyrene, chlorostyrene, and vinyltoluene;
hydroxyl group-containing (meth)acrylate esters such as
hydroxyethyl (meth)acrylate and hydroxypropyl (meth)acrylate;
amide monomers such as N-methylol {meth)acrylamide; epoxy
group-containing {meth)acrylate esters such as glycidyl
(meth)acrylate; and (meth)acrylonitrile. They may beused alone
or in combination with one another. Any modified polyoclefin
resin having hydroxyl groups, amide groups, or epoXy groups can
be crosslinked with a crosslinking agent having functional
groups capable of reaction with them.

The carboxyl group-containing po}yolefin resin thus

obtained should preferably be used in the form of agueous

dispersion (emulsion) or ionomer after reaction with alkali
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(such as ammoni a water) or cations. Preferred cations are netal ions forned
fromlithium sodium potassium nmagnesium calcium iron, alum numﬂzeﬁi, 2004
of these, sodiumions are nost desirable. They give rise to ionic
crosslinking for inprovenent in corrosion resistance and scratch

resi st ancguclP@l sy enabdrewaesird contai nenact i ee hgdr odetr HbeR § & § PR

hydr oxyl groups and am no groups. A commercial aqueous dispersion of

POl yur eLAGNS d S5l d @"r%f)ﬁ{%*?fé*ﬁ% i B! lotils s 5 pOYA gRRIsiAkH, €alcdud d.)

may be ed. "Tt1'S poss aqueous di spersions of pol yurethane
resin by any of the followi ng known processes., (1 Aeﬁrocesg whi c?‘)

consi st sl én ; eslcabgum, sdteal | @H ﬁk%‘-’t?}ar?é’dﬁd%‘%ﬁcﬂli%@r‘ A A

i socyanate groups with a conpound having an ami no group or hydroxyl group

and a supfOPiga vl P4BeOfo iGAiROXYb s@naWX iRiEh ratmat daknent amvomingdisw t of
di am nocarboxylic acid in the formof aqueous solution) , in such a way

that chai n extension _and emul sif] | ke place sinultaneously. (2) A
process WHFthteBAS; 5'11@ S rrrp‘Le*"a("(S:l} i%%%gggfl%gs’ocyanat e conpound with a

pol yol conpound, a conpound havi ng a quat er nar anmpni um oup & ﬂf
hydr oxyl group,Palrerpbhasenteshn PR EPORS a@?%\ﬁﬁ ¥ f9aP ‘fﬁ‘g 7 °nd
di spersing the reaction product into water. (3) A process which consists
of reactiy@roiYes§eonpkyohnar amiro0 r&&Ps2004A commercial aqueous
dispersion of polyurethane resin {*superflex” from Dai-ichi
Kogyo Seiyaku Co., Ltd.) may be used. It is possible to produce
aqueous dispersions of polyurethane res in by any of the following
known processes.
(1} A process which consists of reacting a so-called urethane
prepolymer having terminal isocyanate groups with a compound
having an amino group or hydroxyl group and a sulfonic group or
carboxyl group {such as alkali or ammonium salt of
diaminocarboxylic acid in the form of agqueous solution), in such
a way that chain extension and emulsification take place
simultaneously.
(2} A process which consists of reacting a polyisocyanate
compound with a polyol compound, a compound having a quaternary
ammonium group and hydroxyl group. a compound having an epoxy

group and hydroxyl group, and dispersing the reaction product

into water.
(3) A process which consists of reacting polyesterpolyol or
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a polyol, an aromatic polyisocyanate or aliphatic diisocyanate, and a
chain extender with one another in an inert organic solvent, nmechanf)¢3EPy04
stirring the reaction product with water containing an adequate anount of
enul sifier, and distilling ,away_the solvent. The pol yesterpolyol results
from dely @CHYDh- EPnBERTATRGNPO L BAEPCYRBEnRER Wi PRy aF ¢iiEACYgnate,
pol yet her, pol yethylene glycol, polypropylene glycol, butanediol, and

hexanedizald whe BB inad:er € £09 palipresn efad et liehyer oh Unadk ¢ olripdeine sexivéent,
propyl ene oxide) and a dicarboxylic acid (such as naleic acid, succinic

acid, and adipic 1.d),..The | yol _is.exenplified.pal yester ol.yacet al ,
ol yest die it BaEadTy Yot s o dhn e artiPRatPruhf & 1 Vak L cpaPRiiee

ri ng- openi ng pol yneri zation. The aromatic pol yi socyanate is exenplified by
1, 5- naplathapdeg@uatdi i speyanatef amapldiifheryl nenflansl sit i Sbépanarweay Mdbhe
phenyl ene diisocyanate, xylylene diisocyanate, and toluene diisocyanate
(TDl). Ewmwhphatic diisocyanate is exenplified by hexanet hyl ene

di i socyanat e and di cycl ohexyl net hane dii socyanate. The chain extender is

exenplifj.ed by any of the above-nentioned polyols and | ow -l ecul ar

Pve ot Tiape e S adtudh) ST Ep ant fon P AR AehE o anf ABS CBEA A Rene
triam ne, hexanethylene diamne, and xylylene diamne). The inert organic
sol vent rieaakipp| beitae sy a eodivypdr of srah, as -01glPeph8ER 2p03yethylene

glycol, polypropylene glycol, butanedicl, and hexanediol which
are (co)polymer of tetrahydrofuran, ethylene oxide, propylene
oxide) and a dicarboxylic acid (such as maleic acid, succinic
acid, and adipic acid). The polyol is exemplified polyester,
polyacetal, polyester amide, and polythicether obtained from a
cyclic ester by ring-opening polymerization.

The aromatic polyisocyanate is exemplified by 1,5-naphthalene
diisocyanate, 4,4-diphenylmethane rdiisocyanate (MDI),
rhenylene diisocyanate, xylylene diisocyanate, and toluene
diisocyanate (TDI).

The aliphatic diisocyanate is exemplified by hexamethylene
diisocyanate and dicyclohexylmethane diisocyanate.

The chain extender is exemplified by any of the above-mentioned
polycls and low-molecular-weight dJdiamine ({(such as ethylene
diamine, propylene diamine, diethylene triamine, hexamethylene
diamine, and xylylene diamine).

The inert organic solvent is exemplified by tetrahydrofuran,
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acetone, nethyl ethyl ketone, ethyl acetate, and toluene. (4) A process
whi ch consists of reacting a urethane prepolymer having termnal 072 SEP 2004
i socyanat e groups wi th polyal kyl ene pol yam ne (such as diethyl ene

triamne) to give polyurethane urea polyam ne, and adding.to it an agueous
sol ut i opceftcare adielthyh e%ﬁY%rhﬁFPV@-pFﬁ%ﬁ@% %&ﬁ%ﬁt%Ong?gtgogPeéﬁﬁjecting
the pol yurethane urea polyamne to addition reaction with epichlorohydrin

and addigg to therseaskive di Qe sars afuecust irsphul ¥ othahe AT eed YyMes) A
process which consists of reacting the above-nentioned polyurethane ur ea

polyamne qr its adduct with an _al klyisqc t Ihal phydri P he a
cyclic BPE&Fﬁbﬁﬁ§W9Qﬂﬁ(fs%ﬁ#@%ﬁF%e?réﬁ§9n¥ggﬁgsfﬁga?§g?%%onﬁgfdg%ct with a
basi ¢ aqueous solution. (6) A process which consists of reacting the
above- ngsticoneds pdiythatlease trdamcl§ani e &LVe s RRIHRIEeWERSanuT e

epi hal ohydrin w th any of sulfonic acid, lactonic acid, and sodium salt

of mn?Bi‘P%gﬁr}?é ed fRLRPMd ¢AgkdanotqWeblis( BBLhrdonybifcassaeid. An
acrylonTtrile, etc. , hydrolyzing the reaction product, and mxing the

hydrol yzate with water. %7) A process which, .consists of pheaghi Athe
ur et han@ 1 pEEFAYEE h&BFP SﬁﬁurﬁﬁéFgln&ﬁ%§§F or isocyana?e gréﬁ%s (Whi ch
I's obtained froma pol yol and a polyisocyanate) with a diam ne to,g%Ye a
conpoungobgwirmet haree i nakaaniom Xpoips, diospeddthilPhe FELXGRY S prBd
into -14 0 2 SEP 2004
epichlorohydrin and adding to the reaction product an agueous
solution of an acid.
{5) A process which consists of reacting the above-mentioned
polyurethane urea polyamine or its adduct with an
alklyisocyanateorepihalohydrinwithacwclicdicarboxylicacid

anhydride, and mixing the reaction product with a basic agueous

solution.

(6) A process which consists of reacting the above-mentioned
polyurethane urea polyamine or its adduct with an epihalohydrin
with any of sulfonic acid, lactonic acid, and sodium salt of
monohalogenated carboxylic acid, or with (meth}lacrylic ester,
acrylonitrile, etc., hydrolyzing the reaction product, and
mixing the hydrolyzate with water. {7} A process which
consists of reacting a urethane prepolymer having terminal
hydroxyl or isocyanate Qroups {which is obtained from a polyol
and a polyisocyanate) with a diamine to give a compound having

terminal amino groups, dispersing the reaction product into
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water with the aid of an enulsifier, and adding to the aqueous di spersion a
polyi socyanate for increase in nolecular weight. The acrylic resin g SEP 2004

obt ai ned by pol ynerization fromone or nore of the foll ow ng nonomers.
i

r
Car boxyl group-containing (nmeth)acrylic acid_and dr oxyl r OUp- I ni ng
(et h) agrylkirc wdshetdesadd 8§ APdRBR éﬁ%ﬁrler- gnst / %&é’r%/lté’t gglgng%u%w@

hydr oxypropyl (nmeth) acrylate; am des such as N-nethylol (neth)acrylam de;

epoxy gHQUREGUYNA N b1 (s dy @64 ki Loesteesesaehiasmdilgicydiadyweight .
(meth)acrylate; alkyl esters of (nmeth)acrylic acid such as nethyl

(meth) acryl ate, €Lyl (Tethlacryl abe, . A0 BLoRY @i N)AELYha fomasgent

pol ynmers such QQes?ﬁ rene, c styrene, and vinyltoluene;
and (nmeth)acrylonitrile. The resulting acrylic resin contains carboxyl
groups, obyshore Wi theubsllawide JHPOAPSXSor epoxy groups as functiona
groups. Usabl e epoxy resins include any known ones havi ng epoxy groups as

functi opal, ,YLQHPS g Xl &R Mesh &T  rRSiHISa¢ el Lide a¢ hoseandi diy dravey Such
functional "groups as carboxyl groups and hydroxyl groups. They include

glyptal resin, phthaljc acid .resin,.isopht i C h.d Sy q S $d Engei d
resin, SEOHRAGINtHIIIRG L MEEYIF NN o%fé%? rcsag;ah. érﬁehg”resen}'t%i n%ent i on
requires nore than or equal to two Kkinds of crossrinkin%ﬁﬁ ents, iLn_order

to for maetesiar kit @@nd hyér oxTime qpyds éRe thARSFY It G e & The
resin coating -15 0 2 SEP 2004

N-methylol (meth)acrylamide; epoxy group-containing
(meth)acrylic esters such as diglycidyl (meth)acrylate; alkyl
esters of (meth)acrylic acid such as methyl (meth)acrylate,
ethyl {meth)acrylate, and propyl (meth}acrylate; aromatic
polymers such as styrene, a-methylsyrene, chlorostyrene, and
vinyltoluene; and (meth)acrylonitrile.

The resulting acrylic resin contains carboxyl groups, hydrox ¥yl
groups, amide groups, Or epoxXy groups as functional groups.

Usable epoxy resins include any known ones having epoxy
groups as functional groups. Usable polyester resins include
those which have such functional groups as carboxyl groups and
hydroxyl groups. They include glyptal resin, phthalic acid
resin, isophthalic acid resin, maleic acid resin, aliphatic
polyester resin, and oxyacid resin.

The present invention requires more than or egqual to two
kinds of crosslinking agents in order to form a resin coating

layer. The present invention reguires that the resin coating

-15-



| ayer on the resin-coated netal sheet should be forned fromthe
above-mentioned matrix resin, two kinds of crosslinking agents differ? BgP 2004
in the tenperature at which the crosslinking reaction wth said matrix

resin starts, and an organic |lubricant. The_  r.esi ¥ y. f

heat i ngl aner deyi tige ik s bef 6Patef; ’gﬁ-t?i la?s%u?%‘*%gﬁf’ﬁ% %‘E’gﬂ'}%g co%‘tﬁa‘?ﬁéthe
matrix resin which has been crosslinked by the first crosslinking agent
and t he,5660R@nG;QSdd Md gl -agesti n ermicikig dmodacred Sahi R 2D e 1E o
play in the subsequent high- tenperature baking. It is not always

necessarégt hat, t hgagjg.ﬁ%i g%rﬁéc%ggggecgm & e e @3 d Nkt i bgrdea ©fidhe

matrix ¢ Fﬁrﬁ€§ ecause the tirst crosslinking agent is not
usual |y added in | arge excess. The above-nentioned constitution perf%gs t he
resin wbahi sgildayert rishixes hass beths adeBlalsl ¢ rEA3ES | HRT B9 Fhe Ti'Fst
crosslinking agent and contains an organic lubricant, to exhibit good

wor kabi | j COELPSh@N [89kest anEeersCrabelingesastiandeyingd bphi nbabprety
bef ore Jfrhgﬁi gﬁ-tenpgpat ur§e short-tinme baking. Wth heating in the

hi gh-tenperature short-tine bakin e d of 1 £ PSSt hMshDeh
proceed%lgh’ttﬁ’g‘ﬂeéﬁ‘H“E%alf?]ﬁbn?a?g?}dprg\:?/ig%?:ﬁnﬁ&ﬁg%r esin coating |ayer

fromgetting soft. This permts painting film to,b?(,cured uni fo:r131 éh%n t he
surfacenhak blelem reasisstbakeAgbivayde LAHE theFELABXJPEA IR Y 2ife
painting filmhaving a good appearance. In addition, during the i

hi gh- t egpRELALUES o2Rarilmi i 18 d1pde g e DSBhE nkinga predeelis ch16oDESEP2 Q4

playijxthesubsequenthigh—temperaturebaking. It isnot always
necessary that thematrix resin be completely crosslinked. Fart
of the matrix resin may remain intact because the first
cerosslinking agent is not usually added in large excess.

The above-mentioned constitution permits the resin
coatinglayer,whichhasbeenadequatelycrosslinkedbythefirst
crosslinking agent and contains an organic lubricant, to exhibit
good workability, corrosion resistance, scratch resistance, and
paintability before the high-temperature short-time baking.
With heating in the high-temperature short-time baking., the
secondstageofcxosslinkingproceedsinthexesincoatinglayer,
preventing the resin coating layer from getting soft. This
permits painting film to be cured uniformly on the surface of
the resin coating layer. Thus, there is obtained a cured
painting film having a good appearance. In addition, during the

high-temperature short-time baking, crosslinking proceeds
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further in the resin coating |layer to make the matrix resin conpacter. This
prevents the mgration of the organic lubricant in a nolten state aQ?S 0
hence prevents any adverse effect of decreasing adhesi on between th rtggizrq

coating |l ayer and the netal sheet, sur{ace and d eeaélllggmggl}q% Qedinthe

e
resin coarthgn ayer theh&es iz & @vidthl 1 M&§E & J&FYor mng the crossiinking

r
reaction separately in tw stages. One possible way is by heating and
ensui Ngchhbadicali on Mifthpekoetntent heanmrd ties afoshe aradp bpllaRG Rty out
the first crosslinking at a | ow tenperature for the second crosslinking

not to take place and tqg carr { dhkipe aff fadd obf
t enper atlir & %i&ﬁni VST ?I)}X g’%g]ucte E%r%%&?grg t%ﬁgsﬁal gh-terrperaturegﬁ
short-tinme baking. The present invention enploys . two éor nor % Ki ndg 9f
crossl i akicie sagorg 8 dheisdlondbet¥eepnth e & asdipePatirg i Y%iaéﬁie RE/ €5 art
the crosslinking reaction with the matrix resin. O these crosslinking

agents, _{he 0pg #aV¥icngn & e d xesing eatidsdrorstartiagestienperatingel dger.
desi gnated as tﬁe first crosslinking agent and the one having the highest
reacting starting tenperature_i desi t S o958l hkhBg
agent. The resiTRetatihy S?Vﬁﬁ]aivﬂiaalhs %)anf: %%Eﬁéﬁ%gﬁgd%%%g%dﬁ ed but dges
not yet undergo high-tenperature baking, contains a co und result'bng
from reaatdtaroibesepemattied ¥f i ¥5t t¥PoFAIHKE ng Qé‘éntp%"?ﬁ{%)ﬁ% H&triX° résin
and the second crosslinking agent remaining unreacted but does not

subst angigaly dh ¢ AnlaAAsavigcoFPatnd tieauvl thge feonren benms S H P iZ00gst

desirabletocarryoutthefirstcrosslinkingataa1owtemperature
for the second crosslinking not to take place and to carry out
the second crosslinking at a high temperature, which is usually

about 200°C for the high-temperature short-time baking.

The present invention employs two {or more) kinds of
crosslinking agents which differ in the temperature at which they
start the crosslinking reaction with the matrix resin. Of these
crosslinkingagents.theonehavingthelowestreactionstarting
temperature is designated as the first crosslinking agent and
the one having the highest reacting starting temperature is
designated as the second crosslinking agent. The resin coating
film, which has been heated and dried but does not yet undergo
high-temperature baking, contains a compound resulting from
reaction between the first crosslinking agent and the matrix
resin and the second crosslinking agent remaining unreacted but

does not substantially contain any compound resulting from
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reacti on between the second crosslinking agent and the matrix resin and the
first crosslinking agent remaining unreacted. |In other words, the fi[fBESEP 2004
stage of crosslinking is carried out for the first crosslinking agent

whi ch has the | owest reactjon__starting.t atur d, ther-gecpiadrskage

of cros&ISaRGiRP iRetEasti ERS oRECPBE Fﬁgsggggﬁ%ﬁ%fééﬁﬁﬁhing agent whi ch has
the highest reaction starting tenperature. It follows, therefore, _that

the resiresiontimg thyekigbef orestid iiighs tagpef at 6Fe I ndRGr (275 $AF Ba%ki ng)
contains a product left after reaction between the first crosslinking

agent and the 'ﬁ{a%e&e@wdé?%é p8 rSRCHPE 6! O Thriodld ich legeNti & eamirtiedy
unreacted. ldeally, 1t does not contain tﬁe first crosslinking agent

remai ning unreacted and any prodyct resulting.fromreacti e
Second SrdsEPF ARG aGatTARBLERELAGIFTSOF 83 IED hsae%‘?,ﬁ%’)o?r%ﬁ?g%g?lﬁ’?ﬂ of

chem cal reactions, there is an inevitable case where the second .
crossl i Rkidie BOeNt ehpPERbYLEeY BedCEkhenistdvantd stegé xof resensATKRAI ISt
stage of crosslinking or the first crosslinking agent partly remains
unreacted. This sjtuation.i Reecdded i ¥ t g enGORDEN t Hasprasent
inventiSﬁﬁﬁhe$soggngf?hgahgsggkgugstantiaIIy"pg%sent. Mor eover, there will

be a case where the resin coating |ayer contains the trix Lty
remai ni g dhRslety ea@akeR oft PF bHRE t's® efﬁéuﬁﬁtri;trgg%gggﬁd Fh§§e?irsf and

second crosslinking agents, or reaction products of the first and second
crossl igMdthgthagentssimhicostinat ilayes dbsderes phesHpighpjemperature

short-time baking) contains a product left after reaction
between the first crosslinking agent and the matrix resin and
the second crosslinking agent remaining unreacted. Ideally, it
does not contain the £first crosslinking agent remaining
unreacted and any product resulting from reaction between the
second crosslinking agent and the matrix resin. However, by the
nature of chemical reactions. there is an inevitable case where
the second crosslinking agent immaturely reacts with the matrix
resin in the first stage of crosslinking or the first crosslinking
agent partly remains unreacted. This situation is not precluded
from the scope of the present invention but is construed as
“gubstantially” absent. Moreover, there will be a case where
the resin coating layer contains the matrix resin partly
remaining intact, reaction products of the matrix resin and the
first and second crosslinking agents, oOr reaction products of

the first and second crosslinking agents. This situationisalso
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wi thin the scope of the present invention. The reaction starting _
tenperature is determned by heating a mxture (prepared in filmfo”nsgpmm
roomtenperature) of the matrix resin and the crosslinking agent in a

thermal differential analyzer. it is defipgd.3gnthe tenperature at which
an exothethin td&cEiCOPDHEf nsDe PHEEEP " bafween the matrix resin and the

crosslinking agent, indicating a tenperature rise. Fig. .1 schieggai Gl%} |y
shows the DTA ghartyadtibg reestt bngstzampewa teefpetat G e T S & comd
crosslinking agent, which starts crosslink ing at a higher tenperature,

shoul d preferably he one which t £1DPSSEbPKi A8 abom3EEmpe raEtoves) The
exact tgﬁﬁéﬁaﬁuPem\}é‘rti“é%e m@%%%%‘f% (§)Ir11 the tenperature at which the first

crosslinking agent starts crosslinking and.the te Uk t L £hai he
pai nti ngef ichhd imaf o xedesiant Fnd | Wae §F85?’9I1Pkilﬁ@| tr]g)o%sr?{f (%?1 %exﬁggr%lfe,
mel am ne resin and bl ocked isocyanate. Melamne resin reacts wt h%hggroxyl
groups ggg carhpwli ghauRS and alsos\idtinad esHdre teMPGFGH-Het APrevRyaPogen,
hydr oxy lf'oups, epoxy groups, etc. contained therein. Their conmerci al

products include "Suminal M4W and '\Sugipak HEOWEehr oeSuatt oror €héni cal
Co., Lad. espghecyrhs r§8§“f%:$1/elglltngsuit§8aitech Co., Ltd. The bl ocked

I socyanate is a conpound whose active  isocyanate gt < gibkockegdgwi th
conpoungn@oah ai idws htbkieg dyembgefdiGiont Hadt %‘age?tggﬁlel eases the
bl ocki ng conpound to -19 02 SEP 2004

1 schematically shows the DTA chart and the reactilon starting

Q

temperature.

Thesecondcrosslinkingagent.whichstartscrosslink ing
at a higher temperature, should preferably be one which star;s
crosslinking at 135°C or above. The exact temperature varies
depending on the temperature at which the first c;osslinking
agent starts crosslinking and the temperature at which the
painting film igs formed in the final step. It includes, for
example, melamine resin and blocked isocyanate. Melamine resin
reacts with hydroxyl groups and carboxyl groups and also with
urethanethroughactivehydrogen,hydroxylgroups,epoxygroups,
etc. contained therein. Thei; commercial products include
»Suminal M4O0W~ and "Sumimar MsowW® from Sumitomo Chemical Co.,
Ltd. and “Cymel 303" from Mitsui Saitech Co., Ltd.

The blockéd isocyanate 1is a compound whose active

. s i ve
isocyanate groups are blocked with a compound contalning actil

hydrogen Upon heating, it releases the blocking compound to
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beconme active. It can be used as the first crosslinking agent which starts
crosslinking at a |l ower tenperature. The tenperature for the bIocHrnhSEszu
conpound to be rel eased can be controlled by selecting an adequate

conpound to bl ock active isocyanate groups in polyisocyanate conpounds

such asb&bPbmandcthble. Betause bk utedhpghtbRef indls tdFE96E AT Y SR At ur e
(180C or above in sone cases), an aliphatic al cohol (such as nethanol,

et hanol ., angd butyl, el l.9sQl eyl shpuidable fsvdise smparhtaeki.ng compound
for the second crosslinking agent which comes into play at the tine of

hi gh-tenperature baking. O her blocking co unds .i ncl ude | act ans_ such as
Acapr ol bemasra penof of stRE &4 95emA %%ﬁpeggngocﬁﬁnﬁgggﬁéﬁﬁa§%ﬁﬂﬁél

et hyl ket ooxi ne and cycl ohexane oxi ne; and met hyl ene-containing active

conpoungdsns¥e 135 i yred &iyé c BRhgnahe adrdiettey | c acpdoadettioc blagikl. aghéye
decrease in the thermal dissociation tenperature (down to about 110C) in

order |isted. A proper. select] be pRde fidH8 the-i 4 strandaggcond
crossl | hRPfid 2&ge fé%%?p%dﬂéﬂﬁggﬁfggﬁyg?atheir g?bsslinking t emper at ure.
The first crosslinking agent, which starts_crossli nki

n at_a | owe
t enper aDie, sheckdspr offer hbfy B&TonkP RAPEA ﬁ’aﬁ?%“%f‘gggl i%‘?ﬁ%‘:@r%{'ufﬁc or
below. A preferred exanple is an epoxy resin capable of crosslinking at a
| ow tenpepgber 8r ABOYROAY sioRfd It £dd B NSn epDiphgtdeps witedil r baethwash

hydr oxyl groups, carboxyl groups, and active hydrogen of am nes. Exanples
of _Zomgt%a§%ﬁnggﬁanol, and butyl cellosolve) is suitable for use as
ablockingcompoundforthesecondcrosslinkingagentwhichcomes
into play at'the time of high-temperature baking. Other
blocking compounds include lactams such as [O-caprolactam;
phenols such as phenol and cresol; oximes such as methyl ethyl
ketooxime and cyclohexane oxime; and methylene-containing
active compounds such as dimethyl malonate and ethyl acetoacetic
acid. They decrease in the thermal dissocliation temperature
{down to about 110°C) in order listed. A proper selection should
be made from the first and second crosslinking agents in

consideration of their crosslinking temperature.

The first crosslinking agent, which starts crosslinking

at a lower temperature, should preferably be one which starts
crosslinking at 130°C or below. A preferred example is an epoxy
resin capable of crosslinking at a low temperature. An epoxy
resin contains epoxy groups which react with hydroxyl groups,

carboxyl groups, and active hydrogen of amines. Examples of
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commerci al epoxy resins include "EX-313", "EX-314", "EX-321", "EX-421",
"EX-512", "EX-521", "EX-147", "EX-810", and "EX-614 (included in "Dgggﬁ &W4
series from Nagase Chemicals, Ltd.) ; and "R kabond EX-8S' and "Ri k

AP- 355B"from Chuo Ri ka Kogyo Co., Ltd. The first and secaond crosslinking
agents gapmee cisad dpoxycoms ias i onc lnde 4RXaddd (i onBX -Shd<s! i "M Mg hgent
which has an internediate reaction starting tenperature so long as it has

no advegse,ef.f.ect,an . pr né o { Avengikon47Fhe «aotdighiconaland rams! 6 nki ng
agent na%ibé%&séd fﬁgﬁ%gﬁé'ffggtg%%osslinking agent is used or when the

second cross linking agent is used. Exanples _of such.an.addjtional
crossl i hknad vigshd o ABPRAE odEt RFFSES €5 %ﬂ%@?ea@%‘&l‘é%ﬁsoﬂfﬁ%‘é;?ep%%
conpounds for crosslinking at high tenperatures, and aziridinyl

gr oup- CeRpt Riaio}d ERMBEUNISE “Titk aAnmud & Pof3 St9E firost Clamd RidioRe 9¥1°0€8} i nki ng
agents 1n the resin coating |ayer should be 1-20 mass% each and no nore

t han 30 ss%in total (as solids). lIdeally, the second crosslinking agent
in the FE&in coating layer should remain intact without reaction with the

matrix resin, and the first crosslinking agent in the resi coatigg.layer

.2 n
shoul d be pres8he EiiFstthandosRcomdy & 1892972 EP PRACPFOR Wt it he
matrix resin. If the anount of the second crosslinking agent is less than
1 mass% okBe n=asidh Gl i ladrt iengpbarross heakingsageatcehigh pag spp
2004

intermediate reaction starting temperature so iong as it has no
adverse effect on the present invention. The additional
crosslinking agent may be used when the first crosslinking agent
is used or when the second crosslinking agent is ursed. Examples
of such an additional crosslinking agent include methylel
compounds, amine compounds, epoxy compounds for crosslinking at
high temperatures, and aziridinyl group-containing compounds.

The amount of the first and second crosslinking agents
in the resin coating layer should be 1-20 mass% each and no more
than 30 mass% in total (as solids). Ideally, the second
crosslinking agent in the resin coating layer should remain
intact without reaction with the matrix resin, and the first

crosslinking agent in the resin coating layer should be present

in the form of a compound left after reaction with the matrix

resin.

If the amount of the second crosslinking agent is less

than 1 mass%, the resin coating layer is poor in heat resistance

-9 -




and gets soft at the tine of high-tenperature baking. A preferred anount is
2 mass% of above. If the anmount of the second crosslinking agent ex?%%%?ZmM
20 mass% the resin coating layer is poor in corrosion resistance before

hi gh-tenperature baking. If the anmount of the first crosslinking agept is

| ess thandl gess, sdfite eési hheodtiimey phydri 9k- HeBPerAtEser R HhPesi stance
and scratch resistance. If the anount of the first crosslinking agent

exceeds,aQ ¢ g Lhe unesi 8 £Raks8%t aveid.S @fCersiambynt kdr thande¢onbl e to
br eak dgrlng fabrication and hence is poor in corrosion resistance. A

preferred upper Iimt is 10 mass, | f the tot anmount of _the t .

cr ossl | ARKPRG ldgeritng EHRPt HHRRAS i%nﬁ?%%e) %Qc’éga%%goﬁggg% X?Kgrr esin
coating layer is poor in corrosion resistance on account of the excess
cross- pbbki 0§ cRgeris i @iesiing ainrehef ede Micglor temgeratune prkiear I1f

I nvention, the resin coating |ayer should contain an organic |ubricant as

an essential _conpgge dds DS, 599 d 4tbE i G hiesandhamot ewas skt sel f
from 35%5t3ﬁ°855i§g ?% r?%%%?%%: &;preferge anount of the organic

| ubricant is 0.5-20 mass% Wth ap anount |ess than.0.5rn%§§g aﬁ@g ghganic
| ubr i cafiheddess ot CpRéAtge ke 1 BcPOBF itfhrovt hg® *0Br #5115 %3  2Rd scr at ch
resi stance. Wth an anount exceeding 20 nmass, the organic |ubricant does

not progduee taty aelsistanak. efiffechebumanverss| phaf ffdass t4eopehinking
resistance of the resin coating |layer in the baking step that follows
pai nti ngg%'ht:s'elﬁseéc?g 'Po %nas.aEf% ,zotg‘ﬂe resin coating layer is excessively
hard and liable to break during fabrication and hence is poor

in corrosion resistance. A preferred upper limit is 10 mass%.

1f the total amount of the two crosslinking agents {and

an additional one) exceeds 30 mass%, the resin coating layer is

poor in corrosion resistance on account of the excess cross-

iinking agent remaining unreacted.

According to the present invention, the resin coating
layer should contain an organic 1lubricant as an essential
component, so that it has good lubricity and protects itself from
scratch during fabrication. A preferred amount of the organic
lubricant is 0.5-20 mass%. With an amount less than 0.5 mass%,
the organic lubricant does not produce the effect of improving
workability and scratch resistance. With an amount exceeding
20 mass%, the organic lubricant does not produce any additional
effect but adversely affects the heat resistance of the resin

coating layer in the baking step that follows painting or silk
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screen printing. Exanples of the organic |ubricant include polyolefin wax
(such as pol yethyl ene, pol yethyl ene oxi de, and pol ypropyl ene) , 02 SEP 2004
fluorocarbon resin (such as pol ytetrafluoroethyl ene, polyvinyl fluoride,

and polyvinylidene fluoride), and paraffin wax. of these exanples,

pol yet mdeaenwaxing i@ddsi r abl e because of its lubricity. The one conposed

of spherical particles having an average particle dianmeter of 0.1-3 pmis

preferable. wgh,Ap10arét ofiee draymtiar 1snmiileemt arr 10: de Al e Sk “ioes not
fully produce its effect of inproving scratch resistance. with a particle

di aneter larger than 3 t he X t ~gdi:sper h {95 ldh d)he
resin cbﬁ%?hga?é@%*?eﬁﬁgf%ﬁﬁye?ﬂ ngggagﬁg g%é?&ﬁ %ggfgggggygkécé a)

softening point in the range of 80- 140*C. Wth a softenin poHpt.Iowfr
than 800Giokbeawdorf kewsn (ﬂan'phgasa:mlnc@ﬁéﬁfwarﬁéﬁéé”a?g'g"?-a\? gy inY

wor kability. Wth a softening point higher than 1400C, the wax is poor in

| ubri ci 18 POLY&L BYh§AR WP #eAROSBdopE depherintalpspaert i ot egaks Of
connerc%%??ggggéiﬁéb gxtnder th% trade nane of -Daijet E-17" (fromGoou

Kagaku Co., Ltd.), "KUE-1", KUE-50. and."KUE-R" Q <heg cat
| ndust rtle%,sELﬁ&?ﬂPL%'ldboi,Y‘*%ﬁSh? ”’W‘s%&sﬁ‘w%og%%w 500", W 640",

and "W 700" (includedin PChem pearl" series fromM tsui Kagaku Co.,_Ltd.),
and " Bl pppi 290" heomn eNianmp @i <hl SEBSTIERG, PATHES YR 1 LHA | R
| ayer may optionally contain silicain -23 0 2 SEP 2004
average particle diameter of 0.1-3 um is preferable. With a
particle diameter smaller than 0.1 um, the wax does not fully
produce its effect of improving scratch resistance. With a
particle diameter largerx than 3. Um, the wax doe; not disperse
uniformly in the resin coating layer. The polyethylene wax
should preferably have a softening point in the range of 80-
140°C. With a softening point lower than 80°C, the wax flows
during fabrication and hence aggravates workability. With a
softening point higher than 140°C, the wax is poor in lubricity.
The polyethylene wax‘composed of spherical particles is
commercially available under the trade name of “Daijet E-17"
(from Goou Kagaku Co., Ltd.), "KUE-1*, KUE-5”, and “KUE-8" (from
Sanyo Chemical Industrigs, Ltd.), *“w-100", “wW-200", "wW-300",
"W-400", “W-500", "W-640", and “W-700" (included in *Chemipearl”

series from Mitsui Kagaku Co., Ltd.), and “Elepon E-200" {(from

Nicca Chemical Co., Ltd.).

The resin coating layer may optionally contain silica in

-23-




an amount of 5-30 mass% (as solids). Silica contributes to corrosion
resi stance and scratch resistance. Silica in an anount |ess than 5 nRES¥P 2004
does not produce the desired effect. Silica in an anount nore than 30

masses causes the resin coating |ayer to crack durjng drging whi ch | eads
to decreaseshaort osk of - 3egiastsincb2s TRe1didiSlca iyl ¥RA oF OBFREDUEAS Lo
particles or chain-like particles. The spherical particles should

prefer am:%r%%vieor?nreg}ggli:gﬁ%epad'ﬂd ckerdicateteésDétdnd00 nmwiEkeasdveay fine
silica "prevents cracking and hence contributes to corrosion resistance

but makes unstable the. conposition of the resin_coati l.ayes .

Excessi #BPyENdodraes sihar 5 i4o%F PP uPFO?SCFogﬁlet ﬁgsr%seﬁ] effest ng

| ayer. A preferred particle diameter is 4-20 nm This requirement is net
by col | gidalcesSiih aa andubtnrdrsi than. 30 Praef % real commBreizgs SR | FRHL1BI" XS,
"SS', "40", "N', and-"UP" included in "Snowtex" series of colloidal silica

from N gsan.. ¢hep caj d%ﬁ%@k@g’nd—} GniTHe1 EEBLN S RIEk st alcsheesioh the

pr esent PRVENtTon 75" 0 y ‘m xi ng the above-nenti oned conponents,

applying the resulting conposition to a netal sheet, and drying the

coat i ngrepaydianghe conposition for the resin coating |layer is prepared by

i ncorporating an aqueous dispersion of the matrix resin with crosslinking

agents, organi eHeulwiiliard ,mancbo@pi  oswhesitrtapamsarilefedavalin (Thke

matrix resin in aqueous dispersion (or -24 0 2 SEP 2004
particles. The spherical particles should preferably have an
average particle diameter of 1-200 nm. Excessively fine silica
prevents cracking and hence contributes to corrosion resistance
but makes unstable the composition of the resin coating layer.
Excessively coarse silica makes it difficult to form the resin
coating layer. A preferred particle diameter is 4-20 nm. This
requirement is met by colloidal silica and fumed silica.
Preferred commercial silica is *Xs-, “ss", "40", "N7, and - “Up”
included in “Snowtex” series of colloidal silica from Nissan
Chemical Industries, Ltd.

The resin-coated metal sheet of the present invention is
obtained by mixing the above-mentioned components, applying the
resulting composition to a metal sheet, and drying the coating
layer. The composition for the resin coating layer is prepared
by incorporating an agueous dispersion of the matrix resin with

crosslinking agents, organic lubricant, and optional silica

mentioned above. (The matrix resin in aqueous dispersion (or
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enmul sion) formis desirable fromthe view point of environnental

conservation as nentioned above.) The resulting m xture may be 07 SEP 2004
i ncorporated with optional conponents (which have no adverse effect on the
present invention) such as diluent solvent, , anti-ski n?i ng. & ent, nlt%\iel i ng
agent, amilsfeam ngrmgentiesipendtr ArPRg-RAgenteY &R Pref VP Torm ng
auxiliary, dye and pignent, thickener, silane coupling agent, and resin

free of __function 29e 8Ci yee Ny drogerce shhet imeg a1 stieee nay fr
specificc%.’ﬁ?r}’%gtlr%}nc%ég. [t° includes zinc-coated steel sheets, gal vani zed

steel sheets, zinc-alloy coated steel sheets, o sheghs ag@iddaum
al oy Eheerporaned: widd (R sHM S, CPBPCREN Y @JO%”&OTS% Fesrstance and

adhesion, it is desirable to performchromate treatnent or phosphate

, P
treat mepf £ OBt e Phaki Ner ésentormimtsionhcsush t A8 HetinEheéG B bre the
resin coating layer is formed thereon. The chromate treatnent may be of

reaction type, .coating ty Rl 8614 Ol ¥sé st ypentIo foammnide a@sin,
coati nPPeyeFkSRPEARE ndES lrl(ats'heceit‘e,"?t%t 'Jljs n%cessary to apply the

above-nentioned conposition for the resi,n coating | negPL bRah
sur f acesenétrhe imat agegﬁeeﬁmuﬂﬁléﬁf’ﬁcngﬂw}%’oﬁ iy afa'f\;}g%ll %ﬁ%g asQroI I

coating, spraying, or curtain flow coating. The coating |ayer

| S
subsquﬁpéllngnQe,att@gcﬁ}gbﬂri efll affhe conpp ifner dEeRt ngaaﬁdrﬁrsﬁnng%’éﬁ%uf’a be
carried out above the tenperature at which the first stage of crosslinking

250 2f§n§t§o%%q4groups and active hydrogen.

The metal sheet is not specifically restricted. it
includes zinc-coated steel sheets, galvanized steel sheets,
zinc-alloy coated steel sheets, aluminum sheets, aluminum alloy
sheets,andtitaniumsheets.Forbettercorrosionresistanceand
adhesion, it is desirable toO perform chromate treatment oOX
phosphate treatment on the plating film ox the surface of the
metal sheet before the resin coating layer is formed thereon.
The chromate treatment may be of reaction type, coating type,
or electrolysis type.

To form the resin coating layer on the metal sheet, it
is necessary to apply the above-mentioned composition for the
resin coating layer to one Or both surfaces of the metal sheet
by any known coating method such as roll coating, spraying, or
curtain flow coating. The coating layer is subsequently heated
and dried. The step for heating and drying should be carried

outabovethetemperatuneatwhichthefirststageofcrosslinklng

-25 .




takes place or the first crosslinking a [ I nki

_ gent starts its crosslinkin

reaction. In other words, the step for heating and drying should ge

carried out below the tenperature at which the second stage of 07 SEP 2004

crosslinking does not take place or the secgond ., crosslinki rrlf& agent .d€es not
s

start itakemsossglliame ngxr eabtei ofiirsthi §TPSSReCEIT t R¥ o ge o

crosslinking should be carried out at the tine of high- tenperature short-

time baking 35 Hiied radl: i | x|t ingls
¢ sIin Al t SHEP, 1900t hat wdeds esile cazlp igr] rieghamdt
good hea% resi stance while keeping good paintability ang wor kabi l'ity, Zs

nmentioned above. However, by the nature of_chen [ : [
the posdriilmia yhotidid ?ﬁhé%é&&ﬁdc’ﬁFo%%f?ﬁk‘i%%et%‘gﬁ%rggg?h 59%%%%129‘5&? T Ihst he
matrix resin. The resin coated netal sheet obtained in this nmanner is al so

accept abk@oin tshe g eenrtrod siviarkiton . dges artiudialer i TR € eI erRe 1t &F 3h
. . . . . |
be established in consideration of the reaction starting tenperature ch)fd

the firs _and .second 55! kRkisNG AIYH S ' i i
, wseds ArdEgilng ki o ;
70- 1SOCCF§56§éTner%1 eg{’% theeégse wher e t he o?gaﬁi c)él uglri g?r::tef ia;tnonf

pol yet hyl ene wax of spherical particles, The first. er | nki
i n suchTaisabe bsiranse SPEr 2RO P& It %qsc%i Jd%]téén rsggoé'}l:é]n Ievn\ﬁf\igﬁg?hgsed

above-nenti oned tenperature range. In vi

L , : ew of the fact that a_wafer-Dbase

conposi ]EgluQnat&hdJS_ﬁ:defdlﬁ hﬁ.lga-rtwinermjatﬁmghpa‘}ert,inbg Péﬂ?ﬁéﬂaﬁr’i&% f{:ﬁ d

rzggge of 80-120C is nore desirable for heating and drying. -26 0 2 SEP
step, so that the resin coating layer exhibits good heat
resistance while keeping good paintability and workability, as
mentioned above. However, by the nature of chemical reactions,
there is the possibility that the second crosslinking agent
partly reacts with the matrix resin. The resin coated metal

sheet obtained in this manner is also acceptable in the present

invention.

An actual drying temperature should be established in
consideration of the reaction starting temperature of the firs
and second crosslinking agents used. A drying temperature of
70-130°C is preferable in the case where the organic lubricant
is polyethylene wax of spherical particles. The first
crosslinking agent used in such a case should preferably be one
which does crosslink within the above-mentioned temperature
range. In view of the fact that a water-based composition is

used for the resin coating layer, a temperature in the range of

80-120°C is more desirable for heating and drying.
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The resin coating |layer should be fornmed such that its thickness or weight
(af ter drying) is 0. 2 - 2 .5g/n2. It wll not fully exhibit itsa SEP 7004
corrosion resistance and scratch resistance if it is excessively thi n2 an(}]
it will peel of f during fabrication if it is excessively thick.

A,
thi ckness in tiTher aregei ofcds ging Slagem sodddi pablfemedhn 4 stithbipbFft of
el ectrical conductivity and weldability The resin-coated netal sheet

produced, 35, et Qedealae (s FREDEry3RE) Assssich. prsaf Lt painiing otsi | k

screen printing according to the intended use. The painting or silk screen
printing is usually followed by baking at 130-1600C for_.20-30 _nj .
Duri ng twild e oriedi onkts b%qk’r’ﬁ@séf’@prg?ﬁété‘é‘&?na‘ a‘;&emto‘%1 cr oS F%é?%g

proceeds to sone extent. Therefore, the thus obtained painting film has
good COIIFOSt Ol ERSleslsareay thldoubi@dltywit hepdmlisb fifeduk i ngst DY b 4B ORhen
baking for the painting filmis carried out at about 200cCfor 1-5 m nutes,

so that the second stage,of crosslipnking s, cony etdrahigsoittoli s-1.5
possi bl &k Eﬁf b?rﬁ’é‘fﬁese%e?%gﬁy good pai nting %I Imin a short tine on the
resin-coated netal sheet havi ng good heat resistance.. S'#nce ﬁghetfw%l
baki ng s¥/ep is demimakil@ftrom tAsouE2PABEEN Tt Ak © L TbhtCRF oS T T ki Ag *adent
shoul d be one whose crosslinking reaction proceeds rapidly at this
t enper atywEe welldspiregyirement is nmet by those which start crosslinking at
135'C or above. Their preferred exanples include nelamne resin and -27 0
2 SEP 2004 The resin-coated metal sheet produced as mentioned above
may be used as such or after painting or silk screen printing
according to the intended use. The painting or silk screen
printing is usuvally followed by baking at 130-160°C for 20-30
minutes. Duringthisconventionalbakingstep.thesecondstage
of crosslinking proceeds to some extent. Therefore, the thus
obtained painting film has goed corrosion resistance.
Undoubtedly, the best result is obtained when baking for the
painting film is carried out at about 200° for 1-5 minutes, so
that the second stage of crosslinking is completed. Thus it is
possible to form an externally good painting film in a short time
on the resin-coated metal sheet having good heat resistance.

Since the final baking step is carried out at about 200°C, the
second crosslinking agent should be one whose crosslinking
reaction proceeds rapidly at this temperature. This
requirement is met by those which start crosslinking at 135°C

or above. Their preferred examples include melamine resin and
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bl ocked i socyanate having a high dissociation tenperature. The

resin-coated netal sheet of the present invention is conposed of a nBGHEP 2004
sheet and a resin coating layer formed on at |east one side thereof. This
resin coating |layer before the final high-tenperature baking_has the

matri x beocked Eoeyamatenkadisdate NdddhiEF TR bhE R FREPEWS "¢Yds's! i nki ng
agents in the first stage of crosslinking. it has an adequate degree of

har dness owi figet @ e&li@SHddtd Nnatdl] | §haksoobhashgopdecentosimrentesnsiance
and scratch resistance owng to the organic lubricant contained therein.

Thus the resin coated net sheet can under i tst i%ng: £hiaY

wi t hout CPREOSES P oadt'i‘%baa#a@g?e%e?ﬂ asgrgggghg%.atl\%rd;g'v r, Fﬁg MREr X

resin in the resin coating |layer before the final' high- t enperat ure
RdF

baki ng sentakss aneadédeatkernafiber Thf sregbdBaropthedi rgP8ipgenhien
contribute to paintability when the resin-coated netal sheet undergoes

convent kgggg pﬁiira,ltﬂ. o £ De DRKT e 18 nd 3tdS0RE S Oma2@i30 rwisnif edp Fhe
e

resin-coa nmetal sheet of the present invention is constituted such that

Cont ai nS*PRE eHERd e AR £49 G0 PR aerie 4o So ek 1h T adehE R0,

and this crosslinking agent cones into play in the second stage_of

crossl i pki ngewldrst mramsiot coatssl Hptingshebt . has Pridd eIV ahg #RETSS

painting film is finally baked. Therefore, the resin coating |ayer

EXhibitéf'@§r@n%s§£8w%§@4to crosslinking and it also has good corrosion
resistanceandscratchresistanceowingtx)theorganiclubricant
contained therein. Thus the resin coated metal sheet can underge
slitting and punching without the resin coating layer being
scratched. Moreover,thematrixresinintheresincoatinglayer
before the final high-temperature baking contains an adeguate
number of residual functional groups which contribute to
paintability when the resin-coated metall sheet undergoes
conventional painting (with baking at 130-160°C for 20-30
minutes}.

The resin-coated metal sheet of the present invention is
constituted such that the resin coating layer before the
high-temperature short-time baking contains the other of the two
crosslinkingagentsinanmuueactedstateandthiscrosslink ing
agent comes into play in the second stage of crosslinking when

the resin-coated metal sheet is painted and the painting film

is finally baked. Therefore, the resin coating layer exhibits
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good heat resistance w thout getting soft and provides good adhesion

between the netal sheet and the resin coating layer and between the []?%IEP 2004
coating layer and the painting film And the pai ntlng f|Imafter baki i

has a good external appearance. EXAMPLE To further ustrat% g

i nventi gapdbiteatot rhyiwapnel Wiithoudt i Rt LiRE fstﬂfltovﬁ‘ ‘5.; BX8rpIrés a‘-’r°°

gi ven They may be nodified wthout departing fromthe spirit and scope of

the ¥Sﬂte(s%%nrﬁa-5‘°t§ﬁee"r"PUH@dxﬁétﬂ‘%Hélitl QMdghe et inetbadsngel ayeseandn t he

ex arrpl erature at which crosslinking reaction starts The matri x

resin is mxed with the crossllnkln andt S ng t IS
spread bgtyeen r?lh(ﬁ/élesénpSPﬁlth@tJr% ?Bét Fnlfl H?a{lg Ifjﬂllrnoomml&i thE"

tenperature. After drying, the fil msanpl eis heated in a differential
t her mal panaltyzey . £ i Thea PfAr chakingshsalsown dapFigptargpledPPRE & ifer at ure
(O at V\:hl ch the crosslinking agent starts reaction. (2) Pencil scratch

test (for pencil hardness) This te%y_ﬁ&;ﬁ_%m ng to JI'S X5400 is perforned
on a specimen of the resin-coated nmetal sheet which has been dried at 80C

for 1 mnute or which has undergone hj gh-tenperature th Jey bakiprg (at
230C for 50 se@endd)rthesenchvfHarhess™ei %n?’%tné&oby hbugg%ﬂg%g scra ches
wth a magnifier. -29 0 2 SEP 2004 )

limitation, the following examples are given. They may be

modified without departing from the spirit and scope of the
invention.

[Test methods]

The following test methods were used in the examples.
(1) Temperature at which crosslinking reaction starts

The matrix resin is mixed with the crosslinking agent,
and the resulting mixture is spread into film over a poly-
tetrafluoroethylene plate at room temperature. After drving,
the filﬁ sample is heated in a differential thermal analyzer.
The DTA chart as shown in Fig. 1 gives the temperature (°C} at
which the crosslinking agent starts reaction.

{2) Pencil scratch test (for pencil hardness)

This test conforming to JIS X5400 is performed on a
specimen of the resin-coated metal sheet which has been dried
at 80°C for 1 minute or which has undergone high-temperature
short-time baking (at 230°C for 50 seconds). Pencil hardness

is rated by observing scratches with a magnifier.

-29.




(3) workability Single -press test wwith an 8 0 - ton crank press is

performed on a specinen of the resin-coated netal sheet, and the mortfs P 7004
surface of the specinmen is visually inspected and rated by the follo 5
criterion. 5 : alnobst no scratching, 4 slight scratching, 3 : apparent
scratchifg, 2 wosrabhingtyl cracking (4) Corrosion resistance Salt spray

test conformng to JIS Z2371 is perforned on a specinen of the resin-

coated metal sheet, with it 63| 86 t cFOF £RBKOPr € €61 iS¢ prRae dsmed
expressed in t et REL16f PECRE ?gggggiﬁﬁfor white rust to cover 1% of the

surface of the specinen. (5) Heat resistance A sapmple of t resin- ted
metal shees specomead ofy ther resddti oA WFEHMGERLI 95%@% Sélldhnfthseu?h&f]ﬁ%? t he
painting filmis 20 pmthick. The painting filmis baked at 230"C for 50
secondssnr{gﬁesg@ctggnswbkhm%pba&edi&&mnuungnmdanteﬁ|mm®r@®69¢hbboibﬁng
wat er for our and then subjected to cross-cut test for 10 x 10 snal
squares forned by scoring at intervals of 1 nm Beat resistance is

expr essE@l  AYEEIMS Ot 4 e hunber of remmining snmall  squares (of both
resin-coated layer and painting film. Experinent anple .1 . f
resi n- copat edlnetal nohestratertsi p¥ odhicedst# Sh+ ﬁﬁréﬁgﬁPE%baf%ahﬁggﬁég?%%l
sheet (0. 8 mMmmthick, 2 0 g/M O Zinc) -30

scratching, 2 : scoring, 1 : cracking

{4) Corrosion resistance

Salt spray test conforming to JIS 22371 is performed on
aspecimenoftheresin-coatedmetalsheet.withitsedgessealed.
Corrosion resistance is expressed in terms of time required for
white rust to cover 1% of the surface of the specimen.

(s) Heat resistance

A sample of the resin-coated metal sheet is coated by bar
coating with a polyester paint such that the painting £ilm is
20 pm thick. The painting £ilm is baked at 230°C for 50 seconds.
The specimen with a baked painting film is immersed in boiling
water for 1 hour and then subjected to cross-cut test for 10x10
Heat

small sguares formed by scoring at intervals of 1 mm.

resistance is expressed in terms of the number of remaining small
squares (of both resin-coated layer and painting film).
Experiment Example 1

Samples of resin-coated metal sheet were produced from

. 2 o
an electrogalvanized steel sheet (0.8 mm thick, 20 g/m° of zinc)
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0 2 SEP 2004 with chromate treatnent (15 ng/n2 of chrom um as the base.

The steel sheet was coated with a conposition to forma resin coati ngmzlggpemm
thereon. This conposition was prepared by mxing fromthe foll ow ng
conponents. Ethylene-acrylic acid copol yner (containj ngSZO mass % of

acryl i 6, aeh d}hicomamel siren thenrh akl g Hed fet G TR UTthedSc5B6I PRE° *had its

carboxyl groups partly neutralized with sodium hydroxide so that it was

converted into,an jion-gcr Lnked ~iopegeribeforebapds i tRainy ebhyfbeme anax of
spheri cal partT}&fe%t??Mft%%%{:avera((fzje particle dianeter- -of 0.6 nn).

having a softening point of 100C. 5 nmgs%of _solids in_th MRQH n.
Col | oi ceé s 80l ¢cathagi hayan 'ébé%’é@@-pa?}f‘?ﬁl‘éma?%ﬁ‘éttéronogafo-gf%g nm ("“Snowt ex
40" from Ni ssan Chemical Industries, Ltd.) 20 nmss% of solids in the

corrposirgi'}gpng ERewY thesifd 1w tipssébnpihegtat a | ow tenperature (which
starts crossSlinking reaction at 50C) "Denacol EX-313" from Nagase

Chem cal s, Ltd. Anmount (based an soli Loyt N SHAPOSL AG0R)0 | HasEBOWE i N
Table 1°  FERYHSRE 18 ’(?\hia(?ﬁr&st%??gf%ﬂpggspi%nm ng rielté%tion a?sl4OC)

"Sum mal MA ON from Sumitono Chemical Co., Ltd.  Amount. (hased onnsplids

in the sonpdsictiamdl s ighoamuilsivapl EOA™ EfchtBf 1e“F88uItT g conposi ti ons

was applied by roll coating onto one side of the above-nentioned steel
sheet. 3@501§berhaditscarboxylgroupspartlyneutrallzeGW1thsodlum

hydroxide so that it was converted into an ion-crosslinked
ionomer beforehand.
s« polyethylene wax of spherical particles (with an average
particle diameter of 0.6 um) having a softening point of 100°C.
5 mss% of solids in the composition.
e Colloidal silica having an average particle diameter of 10-20
nm (“Snowtex 40" from Nissan chemical Industries, Ltd.) 20 mss%
of solids in the composition.
. Epoxyresinforcrosslinkingatexlowtemperature(whichstarts
crosslinking reaction at 50°C) “Denacol EX-313" from Nagase
Chemicals, Ltd. Amount (based on solids in the composition) is
shown in Table 1.
e Melamine resin (which starts crosslinking reaction at 140°C)
vgumimal M4OW” from Sumitomo Chemical Co., Ltd. Amount (based
on solids in the composition) is shown in Table 1.

Each of the resulting compositions was applied by roll

coating onto one side of the above-mentioned steel sheet. The
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0 2 SEP 2004 coating |layer was heated and dried at 80C (sheet
tenperature) for 1 mnute. Thus there were obtained sanples of resins: éoﬁpeﬂm
steel sheets, each having a resin coating filmof 1 g/nR. The resulp

their evaluation are shown in Table 1. 0 2 SEP 2004 Table 1 Crosslinkjng
agent Cobk@Singn 1Renat lwamrdressd Head AT «Abtt &0 Crdsdme b dRRAGFRIVER| st ant
Epoxy As After Y resinMelamn e e (h) e resin dried baking 51 2H 3H 100 760
5 15 2H ‘g‘@ %{Qﬁ#ﬁg 5 551,25 AL 100, 48 S dfbn 2l ki D8s8dD 1o d5- Sbh 8100
790 5 26 67750 5 510 2H 4H 100 720 5 515 2H 4H 100 800 5 520 2H 4H

100 77os§eeﬁoé%égifkugﬁnzq%§§§§5a2¥2§55198a%?%g4f11m of 1 g/m’. The

results of their evaluation are shown in Table 1.




0.55 H 4H 100 380 3 255 3H 4H 55 6005 5 F 3H 1003403 10 F 4H1003303 15 F
4H1002803 52H 2H57605 102H2HB87B05 153H3H67605 FF32603 02 SEP 2004 EXpﬁ 5@?“1[]04
Exanpl e 2 The sane procedure as in Experinment Exanple T was repeated

produce sanples of the resin-coated steel sheets, except that the

et hyl enrf-ﬁgperyl ic acid copolyner for the matrix resin was replaced by a

pol yuret hane resin (in_aguegus disperston—form—"puperfte fTom Dai -i chi
Kogyo [Sei yaku Gsosslinkihg dgerThe 1 gsish hgran&ds eval uaki on cafssishown in Table 2. 0
2 S E P 2004 Tabl @a2s%) ossl i nki ng_agent Pengp istg;ﬁ{ dnessisaat @H’r"?%’élit n
(mass Vior kb EIT TaSiRIART [esixst ant Bmexy [Mel@mni e (n) y
resin e resin dried baking
5 1 2H 3H 100 760 5
5 5 oH 4H 100 740 5
=
) 4H 100 810 S
=~ 10 5 2H
‘§n 15 5 3H 4H 100 790 5
bl
3 20 5 aH 4H 100 750 5
=
® 5 10 2H aH 100 720 5
5 20 2H 4H 100 70 >
5 0.5 2H - | 2H 63 760 i
o 4
5 5 25 2H 4H 100 450
28 0.5 5 H aH 100 280 3
®
25 5 3H 4H 55 600 >
- 5 F 3H 100 340 3
0 .- 10 F 4H 100 330 3
[w]
‘?, - 15 F 4H 100 280 3
®
m 5
760 5
S 15 - 3H 3H 6
. . F F 3 260 3




As After ey resine resindriedbakinge (h) 513H3H100700 5 152H3H100710 5
553H4H100680 5 1053H4H100670 5 1553H4H100700 5 2053H4H100670 5 07 SEP 2004
5103H4H100700 5 5153H4H100790 5 5203H4H100750 5 50. 53H3H68700 5
5253H4H100380 4 0. 55H3H100330 4 2553H4H60550 5 53H100300 4 10H4H100290 3

15HAH1 0824 8 r 3mzAHIMAGHe 52 103H3H28680 5 153H3H51670 5 HH182204 -35 02 SEP
2004

Thesameprocedureas:h1ExperimentExampleIlwasrepeated
to produce samples of the resin-coated steel sheets, except that
the ethylene-acrylic acid copolyemr for the matrix resin was
replaced by a polyurethane resin (in agueous dispersion form)

“guperflex” from Dai-ichi Kogyo Seiyaku Co., Ltd. The results

of evaluation are shown in Table 2.




WHAT IS CLAIMED IS: 1. A resin-coated netal sheet with good workability and
heat resistance having a resin coating layer, said resin coating |agerSgp 2004
conprising: a matrix resin having in the nolecule at |east either active
hydrogen or functional groups; an organic lubricant; a first crosslinking

agent cppphlg of reacting with said matrix resin; a second crosslinking
agent capable of reacting with said matrix—resh ond

crosslii nking agresdiinkiag agérs ¢r ogsl b RKigAgss edct | Qn, Wi td?) dmatrix riesin at
. chi'R&ddnBss’ oo
a hi ghler terrper afmase%) han sai d T1rst cross reﬁﬁ @9 JPELELn St A erisabili
crosslj nking crl r}\né/férb $al Gghat i xpeesi|n vheg%)n tthe rfesin coating
| ayer [contaijn 52 g%;,of @@ud S egAMHY crossl I nKi ng agent substantially
i nt act Lwi-t-h 'Lf reagtH-or—wHrh—satrdpatrix resln 2 The redi n-coated netal
sheet ks deflined in|daiim1, where|n SHid [fir9e crlossi®Pnki ng &gent| starts
crossljnkin reactton—at—130€ or —beiow and salo§ se ”ﬂ crdgsslinki ng agent
starts| cross|l i nKing |readtion at?f35C orBHabo r'3si r- coat ed et al
sheet @ps deffrmed—TmCtarmm I, whereln ﬁl il r@to cr sé lpnkilng agent|is an
epoxy re%n and 5 saild s@cond crbssl ent_is |la nelamiine resj 4. The
resin-cog ed et af snee% as e[Pll_Ped I N, aim 100 Wher gd7p sdi d resinj coating
| ayer cor:&al ns a’redcti dn prlo
o 15 5 3H aH 100 700 5
X
3 20 5 3H 4H 100 670 5
=2
° 5 10 3H aH 100 700 5
5 15 3H 4H 100 790 5
5 20 3H 4H 100 750 5
5 0.5 3H 3H 68 700 5
)
%2 5 25 3H 4H 100 380 4
135 0.5 5 H 3H 100 330 4
3
25 5 3H 4H 60 550 5
- 5 H 3H 100 300 4
0 - 10 H 4+ 100 290 3
=]
g . 15 H 4H 100 210 3
%" 5 - 3H 3H 43 660 5
= 10 . 3H 3H 28 680 5
2 670 5
3 15 - 3H 3H 51
- .- H H 18 220 4




of said matrix resin and said first crosslinking agent. -36 0 2 SEP 2004 5.
The resin-coated netal sheet as defined in Caim4, wherein said reBRrbEP 2004
coating | ayer does not substantially contain said first crosslinking agent

i ntact without reaction with the matrix resin. 6. The resin-coated netal

sheet a [ ' im1l, wherein said resin coating |ayer further

cont ai nzw'&ﬁ |JJt‘fl:§dCﬂ‘Iz£h%1[Z ]lf%‘si n-coated netal sheet as def ignedyi n Claiml,
wherein said resin coating |layer contains said organic lubricant in an
anount of 0.5-20 mass% 8. A resin-coated netal sheet with good workability
and heat resilst ance:diavicgpteed asetta Losihésty wiaylergosdi dorksbnlitgaandg

| ayer conprising: a matrix resin having in the nolecule at |east either
active MgAtogeitOrsTaNRe i Ging ovbs reiilor FEAC NUbrid i, £3319 stresin
crosslinking agent capable of.reacting with said matrix resin; and a
second c%ooasrlg’lr}%%]an%e%gceoﬁ?p%ﬁspﬁr%?'e of reacting with said matrix resin, said
first crosslinkiaonggenk PEEDE hBFESENIni Phé heLELGEEULLI DNgakto@mitpaet i on
with said matrix resin and said second crosslinking agent being present in

a substaarttivad Ihydmiger dorfandthonal rgeetpdn with said matrix resin.
an organic lubricant;

a first crosslinking agent capable of reacting with
said matrix resin;

a second crosslinking agent capable of reacting with
said matrix resin, wherein said second crosslinking agent
starts crosslinking reaction with said matrix resin at a higher
temperature than said first crosslinking agent starts
crosslinking reaction with said matrix resin; and

wherein the resin coating layer contains 1-20 mass% of
said second crosslinking agent substantially intact without

reaction with said matrix resin.

2. The resin-coated metal sheet as defined in Claim 1,
wherein said first crosslinking agent starts crosslinking
reaction at 130°C or below and said second crosslinking agent

starts crosslinking reaction at 135°C or above.

3. The resin-coated metal sheet as defined in Claim 1,
wherein said first crosslinking agent is an epoxy resin and

said second crosslinking agent is a melamine resin.

4. The resin-coated metal sheet as defined in Claim 1,
wherein said resin coating layer contains a reaction product

of said matrix resin and said first crosslinking agent.
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0 2 SEP 2004 9. The resin-coated netal sheet as defined in CaimS8,

wherein said resin coating | ayer does not substantially contain sm<9355%2W4
crosslinking agent intact without reaction wth said matrix resin. 10. The
resin-coated netal sheet as defined in Caim8, wherein said resin coating
layer contains 1-20 mass% of said second crosslinking agent substantially

intact withouts regctiQn Wi Sald MBLL] Xshest Naslbe AdIPCESSCINIM 4,
produci ng a resin-coated netal sheet wth good workability and heat

resi stancehesalid psac@ssresomprdsdtignd hd asteapsdoks coati ngulbstabiakheet
with a conposition to forma resin coating layer, said conposition

cont ai ni ngCRLARDr i ¥alehi nf1EEYI nFras e kidi®cuf8eRE | dddR i t nBtthREtve
hydr ogen qr unctioggl %roup%,.gprorQ%nic | ubricant, and nore than one
kind of cFE8SFHRRi Ky 8gdhf Ta5481% "6 Erosslinking reaction with said
matrix resin; and treating the coated netal sheet under the condition that
one of said crosslinking agents reacts with said matrix resin but the

ot her of said érogslei nidsig-agpaAtted doesa hosheetceswidef irswl dime€iaknr &sin.

12. A process for producing a resin-coated netal sheet. wth good
wor kabi | i PheaRdPhEatdr €SS aCEt 198 aﬁﬁ&céégtwfﬁwstr% %ps of: 0 2
SEP 2004

7. The resin-coated metal sheet as defined in Claim 1,
wherein said resin coating layer contains said organic

lubricant in an amount of 0.5-20 mass%.

8. A resin-coated metal sheet with good workability and
heat resistance having a resin coating layer, said resin
coating layer comprising:

a matrix resin having in the molecule at least either
active hydrogen or functional groups;

an organic lubricant:

a first crosslinking agent capable of reacting with
said matrix resin; and

a second crosslinking agent capable of reacting with
said matrix resin, said first crosslinking agent being
present in a form resulting from reaction with said matrix
resin and said second crosslinking agent being present in a

substantially intact form without reaction with said matrix

resin.




having in the nolecule at |east either active hydrogen or functional

groups, an organic lubricant, and nore than one kind of crosslinking (poSPe 2004
capabl e of crosslinking reaction wth said matrix resin; and heating and
drying the coated netal sheet at a tenperature which is higher than the
crosslinking reaction starting tenperature of one of said crosslinking
agents havi n@. t kel awesiin-crastsdd nkenglr ed@dtonast atfiingd efipercitaime dut i s

| ower than the crosslinking reaction starting tenperature of the other of

sai d cr 698ISH ngEakent 52RaV n§ORRENAI gReFET 9SS i Midthg FeeetaRiatbyting

t enper at ur wher el n i heat | nd. dryi ng, st i.s carrnied out_in, such a
way thafxﬂghjgia% %%I gr%S é?%?%?ghq?ﬁi reAey oﬁgESEgs“ﬁﬁﬁﬁﬁﬂbe¥%ﬁ% F°%ai d

mat ri X rRESHH AHH e ©fx S@d gk €r ossl i nki ng agents having the highest
crosslinking reaction starting tenperature. 13. The process for producing a

resin-coated netal sheet as defined in Caim112, wherein said heating and

drying step s carried qut at a tenperature of 80-120C. 14. A process of
pai nting the]#Esi%b%oéFé&nﬁ§RﬂtQQuig%ahe?bﬁ%ﬂ aF defired i &ladqm 8-

process Qi Si 0g; heatisng acoan@iﬂ%i PS%LL' Dok eTRY Oilié‘_erc?ﬁ%%a?oef of,{he
resin coating layer at a tenperatUre high enough for said matriX resin to
Ireact Weldbrgni d celoessiniinyg ageehtr enBubsbgntbbatly i niseader eskthe@at i ng
ayer.

y reaction with said matrix resin.

11. A process for producing a resin-coated metal sheet
with good workability and heat 1resistance, said process
comprising the steps of:

coating a metal sheet with a composition to form a resin
coating layer, said composition containing a matrix resin
having in the molecule at least either active hydrogen or
functional groups, an organic lubricant, and more than one
kind of crosslinking agent capable of crosslinking reaction
with said matrix resin; and

treating the coated metal sheet under the condition that
one of said crosslinking agents reacts with said matrix resin
but the other of said crosslinking agents does not react with

said matrix resin.

12. A preocess for producing a resin-coated metal sheet

with good workability and heat resistance, said process

comprising the steps of:




02 SEP 2004

having 1in the molecule at least either active hydrogen or
functional groups, an organic lubricant, and more than one
kind of crosslinking agent capable of crosslinking reaction
with said matrix resin; and

heating and drying the <coated metal sheet at a
temperature which 1is higher than the crosslinking reaction
starting temperature of one of said crosslinking agents having
the lowest crosslinking reaction starting temperature but is
lower than the crosslinking reaction starting temperature of
the other of said crosslinking agents having the highest
crosslinking reaction starting temperature, wherein said
heating and drying step is carried out in such a way that
substantially no crosslinking reaction takes place between
said matrix resin and one of said crosslinking agents having

the highest crosslinking reaction starting temperature.

13. The process for producing a resin-coated metal sheet
as defined in Claim 12, wherein said heating and drying step

is carried out at a temperature of 80-120°C.

14. A process of painting the resin-coated metal sheet
defined in Claims 8 to 9, said process comprising heating a
painting film formed on the surface of the resin coating layer
at a temperature high enough for said matrix resin to react

with said crosslinking agent remaining intact in said resin

coating layer.




