DESCRIPTION PRECOATED SHEET HAVING GOOD WORKABILITY AND SCRATCH

RESISTANCE AND METHOD FOR PRODUCTION-THEREOF TECHNICAL FIELD The

present invention relates to precoated sheets excellent in workability and scratch resistance.

The precoated sheet of the present invention fﬁf%%%%tﬁf ]\)0 film with an appearance of an
o ; 0]

orange peel surface exhibiting waviness of a reliet Shape ‘and has the excellent

characteristics of resistance to sticking of dirt even if dirt deposits on it and muting of any

scratches on the surfage:daurther sthesresentineeriinbl aolaiestom methed o pradyction
of a precoated sheet enapli y.f ' f.an orange peel-like relief appearance by
the multilayer simultaneo%%gg%% iga?%ﬁetﬁﬁgﬁ%%ﬁ§r%c%%§éop%ﬁ§&c?&8”ea% 8@ is defined
as a sheet material comprised of a substrate on at least one 20 surface of which a coated
film is formed. As the syhstiatedt isgassible to use, in addition to a metal., paper, wood,

plywood, etc., a resin sheet of polypropylene (PP), polyethylene terephthalate (PET), etc. 25
BACKGROUND ART %t%f%sﬁg@arfﬁ%e télﬁféc%%%btgﬁe&?p%%%?@&?ﬁeﬁb@ﬁéét, is
being used in asbtead tande of dpplitationsiftomanddigss shipsy bedges rarel.othee large
structures to vagipes Mactineyycagtogiohiles, 3Q fupiture, flecticdlpnplianges, and.gther

smaller objects_and daily necessities. In general, these metal sheets are coated by so- called
qb q 1tg g

"nost-coating” ofter BeliyrWorked&mE A5SEHiBIedt \With HoREICodtiy! sk tAE Coated object
is three 35 dimendidil iri BHape,vspray eoating of sdlvent-based coatings,seletteostatic

coating of powdsr coatings, anth pthersoncentact dype eqating. metheds have-heen used. In
the fields of ho%sjr}gcs of home Iectriglal liances and , office automation eguipment, roofs
ings o, g g

and walls, indoor wallS, &nd other bui RAterals Suhdry §ools Eqtg °f any

scratches on the surface. Further, the present invention
15 relates to a method of production of a precoated sheet
enabling the easy formation of an orange peel-like relief
appearance by the multilayer simultaneous coating method.
The "precoated sheet" referred to here is defined as
a sheet material comprised of a substrate on at least one
20 surface of which a coated film is formed. As the
substrate, it is possible to use, in addition to a metal,
paper, wood, plywood, etc., a resin sheet of
polypropylene (PP), polyethylene terephthalate (PET),

etc.
25 BACKGROUND ART
One typical example of a precoated sheet, precoated
metal sheet, is being used in a broad range of
applications from buildings, ships, bridges, and other
large structures to various machinery, automobiles,
30 furniture, electrical appliances, and other smaller
objects and daily necessities.
In general, these metal sheets are coated by so-
called "post-coating" after being worked and assembled.
With post-coating, since the coated object is three-
35 . dimensional in shape, spray coating of solvent-based
coatings, electrostatic coating of powder coatings, and

other noncontact type coating methods have been used. In



parts and their housings, etc., orange peel-like coated 5 film appearances helping to mask
surface defects are being sought. With spray coating, eleetro_statlc coating of powde_r
coatings, and other non-contact coating methods, the insufficient leveling of the coatings

have facilitated fo i0n. 0 Istincti r | 1Q appearance at the coated
surface and have%atglg%tit% égg}%{?gﬁ{lgﬁ o%r%agn%c)%ﬁ%gg p%ge §&ﬁ§§eﬁ£&¢ﬁ|§}?ﬁﬁh@eﬂd
fields of building Mhetefifls?HoTE> elettric SPpRITIES, sintrysyous, ratohtobilesietc:, the
conventional postatdatingamethachetshaping and %’é@%&eﬁlﬂm&g @f\@r{ah etal g@@t@tslsi trl%%Qto
coating them ha ed by the precoating method of shapi g.metal shee
coated in advan?e?gpﬁgc%g}?dﬁ%?a%sdﬁg%ﬂ? leﬂgbsrévi%%e%' as “PENFYT, tﬁgg oﬁ’ﬁf@ﬁt fooﬂ)_trﬁfi
products? Introdbiétidh 6PIARIFTRBEAIJ MENHEW has the alerits of 20 endbling elimination of

the coating prockssi atthedlernand iside, sabving ttfi%@fqt?l@mséﬁcelﬂ%'&ég%'%§3}9@W3{(99ﬁ9dﬂ'tal
contamination due-tq.di al of waste products of coatings, and enabling the wor space
previously used %cei‘ﬁr %ggt%%%o%gegﬁéﬁ eér)feaa {0 ot%%?%ﬁpfi’c%ﬁo%%mé%%v&é&f’e‘?}ﬁ%artmular in

the field of prec@téd Xigel sHeet, iskabiigi rstrdrigiye feiquiredifad-bre obahépyedietve
characteristics, sinmirbﬂuatﬁvuofc@@ng@rﬂﬁeﬁi%ﬂlfaﬁﬁ gogi@@ftf_;irﬁd\ﬁtq_b% ;gk%ﬁ&gﬁtk%eﬁl .
appearapce ha sy, The conventional methods of formation 30 of coated film w
an orar?gae peel %r?p?etez%%%e% %ncfutdg%)e tie ?ﬁce%ﬁoa 'of UShg fgga?}‘?gvgorﬁﬁﬁmge?e_g?ﬁ%eads,
(2) the method 6fFsind atdtrihg eanfainmganergmiebeads ud)ahe method of utilizing

printing, (4) the methodRef-esingynesh refis (5)1@%6339%%il1§!&91§|9r§§9§§$ii51§,5 ng%_er
coating, etc" For.§xam JP 4-370164 A descrihes a met od of using a coating composition
containing thern?gplast%:"e'-%- ?é?ﬁ%%]r\)v%%? of gﬁnavresr/ag?eo Barsu’cleagltﬁ%&ibitgsﬂo G to obffin
an orange peel ST AP an&e eSated AN oresitbead methbdl The method of JP
4-370164 A defiaesembling the metal sheets, then coating them has often

been replaced by the precoating method of shaping metal
sheet coated in advance (precoated metal sheet,

abbreviated as "PCM"), then joining it to form products.
Introduction of the precoating method has the merits of

20 enabling elimination of the coating process at the demand
side, solving the problems of pollution and environmental
contamination due to disposal of waste products of
coatings, and enabling the work Space previously used for
coating to be converted to other applications.

25 However, in particular in the field of precoated
steel sheet, workability is strongly required as one of
the product characteristics, so introduction of orange
peel surface coated film with a solid, thick appearance
has not been easy. The conventional methods of formation

30 of coated film with an orange peel appearance include (1)
the method of using a coating containing resin beads, (2)
the method of using a coating containing inorganic beads,
(3) the method of utilizing printing, (4) the method of
using mesh rolls, (5) the method of using electrostatic

SIS powder coating, etc.

Forx example, JP 4-370164 A describes a method of

using a coating composition containing thermoplastic



the difference in solubility parameter with the vehicle 5 resin and defines the solution viscosity
of the resin powder a_. the coated film baking temperature. Further, it describes that in a
coated film obtained by coating and baking a coating composition on a coated object, in

cross-section, the resin powder melts and flattens to a to certain extent and the vehicle resin
cures above it tF $5rHR aFFCKd thiat 7 sadle BADHIAIAEE brakgs peel shrfabe toafdd film,

the height of thetprojgsting pasts measyredirem theldowest epated filmsurfacerds 2 i@ um
or so and the wi f.one_projecting part (size 15 indicati pread of projecting part) .
becomes 1 to 1(56%% lélr e.%%.a ﬁ%ﬁ%@w i%a 0" 8%§c?rl F;%s%a “rfgs,ir‘% b‘?alofzarl@lln%th%dc,?l 8¢S
method coats arfd'Bakest& ebating composition. tohatainiag arteanosétting resiny ahiamimo

resin with a 20 lewer surfagce Hee eREEO thandbe thewnosatting sin, @adygsinbheads which
melt at the time of bgléigga%f' tr?:%ecoate filglr%r;? which do not dissolve in the coating.
i t !

P
5-32918 A deschibés &h iforganic Seat M MR HBh oo TR 4 tBafing E8mpa_itiont t

containing glassi25dieHele of Sikes dffless tvated dilandlateolored aggregateiofgl 50:tb
200 mesh in a spagifia gatio. Ja8-296048 b geserikgs %Hriﬁtiagmaogmﬁaélg fqrming
y

three-dimensiong)lcgzsitéterns of a coateﬁ film thjckness of at least 2 dun or_more by printing,

© & ehiite BURRKE TP 3602361784 W Alstiises@nfesh

then 30 forming a topcc_)gﬁ%?é‘r er

roll mettbd of ceatig drcoztingreonaprisethef & ebatiigeresis fvaseu resinploowhichtarto

additive having a glistingt saluRilin, pagametsris addgd ﬁi%q@%(gg"%%ﬁ% tB@ additive

3_5 vyith poor corggaggili:tg v(v:ighatchg dt%slelresin ﬁepﬁratezlin tt%e {i[}rgn-formin% grqc_ess to for_m_a

cissing-like fancy -4~ ‘appedrance. The convenfions Hthod of Udhd A Lbatdd fith R¥nt&ining

resin beads hasthé pralsiemsapat tHee réprogsicibilitg bethefpatrerns i #rehéatirly prodeds is
pum or so and the width of one projecting part (size

15 indicating spread of projecting part) becomes 1 to 10 mm

or so.

JP 11-104557 A also describes a resin bead method.
This method coats and bakes a coating composition
containing a thermosetting resin, an amino resin with a

20 lower surface free energy than the thermosetting resin,
and resin beads which melt at the time of baking of the
coated film and which do not dissolve in the coating.

JP 5-32918 A describes an inorganic bead method.

This method uses a coating composition containing glass
25 beads of sizes of less than 0.3 mm and a colored
aggregate of 150 to 200 mesh in a specific ratio.

JP 6-206047 A describes a printing method partially
forming three~dimensional patterns of a coated film
thickness of at least 2 pm or more by printing, then

30 forming a topcoat layer over the entire surface.

JP 2002-361164 A discloses a mesh roll method of
coating a coating comprised of a coating resin (base
resin) to which an additive having a distinct solubility
parameter is added using mesh rolls so that the additive

35 with poor compatibility with the base resin separates in

the film-forming process to form a cissing-like fancy



not necessarily good, it is difficult to finely adjust the thickness by the heating pattern, the
coating stability is poor, and cleaning becomes necessary when changing the coatings (poor
coating due to the beads occurring) 10 The method of using an inorganic bead-containing
coating to form the orange peel surface has the problems of a larger amount of beads
exposed the surfARGHtHE Coated film, deterioration of the coated film due to detachment of
the beads, and poor wdrkabitityrofehe i®neatedefiimo Fucthen shere is alse theipmblem that it

is difficult to staq%ﬁgggq{%?ol@egqqld%igaqigogg%g.tﬁgrt er,fhereds EEI% ifficulty that the

surface of the coated film is Ieft with a rougf? feellnga. In the printing method, basically the
three 20 dimensioraf ati&rhRiard printdd, thenkiiebasy Kedthg: ReRtRE 1BFcHtIarsTds 1
formed dnd dried by heating sagain yn aodap-coat wo-bake methedt ©rthisaeasaa;; the

coating process becomgs iyblesaite and e £0st fses, 23 1, gase.of e mesh ol

method, it is difficult to adjust the thickness to a uniform one and'therefore “somé thin parts
are caused, SO tﬁE"?Jli’ééda%é{d hietBPSHeet®Ras PEEBH3IN RBFOSRA reSiEtaTE ¥n Wen

electrostatic powderrcpating thethedathenline 80speedds @isrgalide te 20-mémikk sedhe
productivity is |y and the 95} ends up becoming high. DISCLOSURE OF THE
INVENTION? An object of the present invention is to provide a precoated metal sheet and
other ptécoated sheet ARANG'GRN3E RAngE pRE| ke doEE BpbeaRIRE 9 EREEIRE in

workability and seratcinrgsistanterand-asiraplenmethoseal productientof sueha prespatags
sheet. The invenjersylopk ots o fia pliengmgaan hat.a, rudicogted fimJayer obtained fy,
stacking layers formed from coatings of different propert?es is disturbed’in the interface

layers of the muftidafsd fimiar thetinge b8 5anmy IREhddtgreatiRihghih Hh gvevercfiow of

the detachment of the beads, and poor workability of the

15 coated film. Further, there is also the problem that it
is difficult to stably suspend solid beads in a coating.
Further, there is the difficulty that the surface of the
coated film is left with a rough feeling.

In the printing method, basically the three-

20 dimensional patterns are printed, then dried by heating,
then the topcoat layer is formed and dried by heating
again in a "two-coat two-bake method". For this reason,
the coating process becomes troublesome and the cost
rises.

25 - In the case of the mesh roll method, it is difficult
to adjust the thickness to a uniform one and therefore
some thin parts are caused, so the precoated metal sheet
has problems in corrosion resistance.

In the electrostatic powder coating method, the line

30 speed is a small 10 to 20 m/min, so the productivity is
low and the cost ends up becoming high.

DISCLOSURE OF' THE INVENTION
An object of the present invention is to provide a
precoated metal sheet and other precoated sheet having an

35 orange peel like coated appearance and excellent in
workability and scratch resistance and a simple method of

production of such a precoated sheet.



coating. Further, the inventors discovered that while this uneven flow is a fine convection
phenomenon in the coated film, it induces large changes in the relief shapes on the level of
several millimeter on the 10 outermost surface of the coated film. The inventors engaged in
intensive research and succeeded in forming orange peel-like smooth relief shapes on the

surface of a coated filh'Hy Sty thetSittadetkRsiohs Fthe EameR Iormhirpthe
different layers andlthiechesting 15 tanditions ob Hie coatedHijmsand-thereby egmpietedthed
present inventio.. fhe preconted speetagsaring odbg present. invention ias,a. qoated i
with an outermost coated film layer of an orange peg appearance and With an mterface

between the outtfthesticszted filtf Tyt farid ies Toweri esateadilmiaperst & Babstantathf or
completsly continyoirsovave Btuetiig, thatis) theinterfacafarmeska substansiallyies
completely cont@gﬁﬁﬁl%aéveﬁ%%%&e sggacehr\]’eeithcer the clpwer coatgg f|JC all%y(—%:,r}flrﬁge the 25

outermost coated fi r has any dispon%nﬁqus Ipl)arotg,s anﬂi88%%¥ire surface of
substrate is substahfialyf €BeBrdlBY tHesed sbithe presoaet shreplralspeexueliént ihe
workability and sesatohaesistance: f herpresest inyegtiorhas @sdtsigist e feug\%@% 30 (1)
A precoated she llent in workability and scratch resistance characteri y having a
coated film Withs(zigrfg ggt%err%%stt }s]&rfggg ﬁ[gvi%r};as ﬁﬁ’éarjéﬁfce%%g?}#ﬁgev%g\r/i n%gs %%?ve (Wca) of
0.35 F& "Wca< QWS tiRPatd 8'Heéan Sspaking!of leearpeaks aftheTierda eenterlire 35

waviness curve éWgasyaiofi 28Q% yams 1\We-sms 82500 ;rarandshi: hawingian intedage hetween
an outermost cogg%qlg]%lén ef ggg%tﬁs I(S)}/nvgr gga%e%ﬁlgklagﬁr of a Wave, tructurefa Zg A fl)a

A 3 8 ages OI} ﬁ s%r Qo
precoated sheet excellent in worka Ility and scratch resistance as se forth in the above

characterized intRat& WaindssBurod abpeading vitish 5vbsarmd arsinterfacetbétveen the
outermost coateckfimi tayer andhitslowet coatett Blaetayer iy enss=5e¢tioRdN heat ing

15 conditions of the coated film and thereby completed the
present invention.

The precoated sheet according to the present
invention has a coated film with an outermost coated film
layer of an orange peel appearance and with an interface

20 between the outermost coated film layer and its lower
coated film layer of a substantially or completely
continuous wave structure, that is, the interface formed
a substantially or completely continuous wave structure
surface, neither the lower coated film layer nor the

25 outermost coated film layer has any discontinuous parts,
and the entire surface of the substrate is substantially
covered by these, so the precoated sheet is also
excellent in workability and scratch resistance.

The present invention has as its gist the following:

30 (1) A precoated sheet excellent in workability and
scratch resistance characterized by having a coated film
with an outermost surface having a filtered centerline
waviness curve (Wca) of 0.35 pum <Wca<l.25 pm and a mean
spacing of local peaks of the filtered centerline

35 waviness curve (Wc-sm) of 2800 pm <Wc-sm<12500 pm and by
having an interface between an outermost coated film

layer and its lower coated film layer of a wave



a thickness direction of the coated film satisfies the conditions of: (i) including large waves
defined by having 10 areas of A<O e 3B where the distance between the gaited film
outermost surface and the interface waviness curve is "A" and the mean thickness of the
outermost coated film layer is "B" and (ii) having an average distance between large 15
waves of 750 prii bF Y&sSUES) A precoated sheet excellent in workability and scratch

resistance as set forth inthe aboveddpor 62), chesactetized irihatthe inferage betwegn the
outermost coat%dcglgncl er its_lower coated. film layer is_a 20 continuous wave structure
surface (4) A precoateé%{hegtggxéc% gﬁﬁnaﬁor gBil%]/?gr)é slcnratgc ere%s?gﬁc;(;\é Set forth in

any one of the abB?é 3@} &5 ()cehdractdiredintRatithe SutEHhBSt coared Hlrolaybeand its

lower coated filny tayer aie §f 25 dharmaesetting resins,etthe:samecolamn skl ARreeatedn
sheet excellent ifaw%rgagilit alndS r%tcg rggias;%aen e faﬁlsetlforth in any one of the %bove (1)
to (4), characterized in that he%ota thicknesgor “the ‘outermodt toated (fiﬁ%?gyesreé:n& it8 1oWer
coated film 30 |ayef ist fkferms cHidreedoatee filh ickress b ol BO pat {6 Agretbated
sheet excellent inamerkabiitysard .scratch resistance as set forth in any one of the above (1)
to (5), characterized in that th%{iwer. coalt%::-1 film 3P Iag/her and sub tr%te h V%OH%OI’ more

X

coated films between them, ( méthod 6 lpnrgduc‘?tlr vof' 3\6?esco§tea%%ee exeBiiehtin

workabiility and scretth resistaficeSas seke farth inethé iabicaecl ) lohiawacterizéd: by coatiag a
substrate with a£pating frying & lower egated.film Iayer and.a soating forming an Qytermost

coated film layer in a wet state to form a coated film and simultaneously drying these coated
film layers by hégﬂﬁ'f' and the mean thickness of the outermost coated

film layer is "B" and _
(ii) having an average distance between large
15 waves of 750 pum or less.
(3) A precoated sheet excellenf in workability and
scratch resistance as set forth in the above (1) or (2),
characterized in that the interface between the outermost
coated film layer and its lower coated film layer is a
20 continuous wave structure surface.
(4) A precoated sheet excellent in workability and
scratch resistance as set forth in any one of the above
(1) to (3), characterized in that the outermost coated
film layer and its lower coated film layer are of
25 thermosetting resins of the same color.
- (5) A precoated sheet excellent in workability and
scratch resistance as set forth in any one of the above
(1) to (4), characterized in that the total thickness of
the outermost coated film layer and its lower coated film
30 layer is, in terms of dried coated film thickness, 5 to
50 pm.
(6) A precoated sheet excellent in workability and
scratch resistance as set forth in any one of the above
(1) to (5), characterized in that the lower coated film
35 layer and substrate have one or more coated films between
them.



(8) A method of production of a precoated sheet 10 excellenti in Workabilit'y and sqratch
resistance as set forth in the above (7) characterized by, coating the coating forming the
lower coated film layer and the coating forming the outermost coated film layer by wet--

[ [ ' [ f production of a
on-wet coating or simultaneous multilayer coating. 15 (9)_A method of p
precoated sheet excelle??[?n r%%?%n%lfsé?ﬁﬁ:ﬂ%’%%‘?éh&faé SBE 6187 frethesdswie (7)

(8) characterized®ycdryikrtheivoated fihilayerg bynleatingalby- industior heating . glegtric

[ ' [ [ d sheet
current heating, ardtrasanic pgating, A0(1 methad. of production of a _frecoate
excellent in wgrkabiii}tgt/ and scratch resistan@egs set %ortr? |nl§ﬁy oné of the aB8vé (7) to (9),

characterized in thatthé 2b&tiHg FotnfinG Bid dnripsnésstedl flw tyeromten nigdsured for

surface tension five tieres; hds25ca differende batweemna eadeno valueandka ninimum

] hod of production
value of the obtajned. megsu t 0 /m or more, (11). A met )
of a precoated she&%xc?ﬂen%eirr?%v%rka LAlﬁt%/ afcn%d rggg%hareg%?éﬁ&% %ﬁ %@t #%h in any one of

the above (7) to GO cHARERAZed ST inithat fheesatirplorming dre dutgrmestgoated film
layer includes twberimaorg .types of surfactants whose surface tensions differ. (12) A method

. ; h . ¢ 35
of production of a precoated she lentin workabhility y and scratch resistance as se
forItJh in apy one of the agg?/e (IZY\) %eg%%ﬂch%%a%%ﬁﬁlg tl%éﬁ{ato An AbBSIGECFHGE ShfRtence

betweeh & surfats (&siGN ba'dt tHOE éﬁﬂgléFmeaéiﬁeﬁﬁéﬁtétmté@ﬁﬁmmamsa suitface
tension 8b of thefswating of ttid doweo veated)filcHayeicdisd:1 18I, )< e 807 - FNIm in

.(13) A i f e sheet 5 excellent. in workabjlity and
;i?gt?:h(regist;miagg 2&82%?#}5{;\]?%2 a%g%/e(i(%%}%gchg?agégﬁze eﬁt} acl‘JEl l}'s%ﬁgae{fdle BEone of

the surface tensioR of the cd&HTY BEthER surthRETesAteadRfridyram ireysurfice tertsion

of on-wet coating or simultaneous multilayer coating.

15 (9) A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in the above (7) or (8) characterized by drying the
coated film layers by heating by induction heating,
electric current heating, or ultrasonic heating.

20 (10) A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in any one of the above (7) to (9), characterized
in that the coating forming the outermost coated film
layer, when measured for surface tension five times, has

25 a difference between a maximum value and a minimum value
of the obtained measurement values of 2 mN/m or more.

(11) A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in any one of the above (7) to (10), characterized

30 in that the coating forming the outermost coated film
layer includes two or more types of surfactants whose
surface tensions differ. '

(12) A method of production of a precoated sheet
excellent in workability and scratch resistance as set

35 forth in any one of the above (7) to (10), characterized

in that an absolute value of a difference between a

surface tension 8a of the coating of the outermost coated



the coating of the lower coated film layer by adding an 10 additive. (14) A method of
production of a precoated sheet excellent in workability,and scratch resistance as set forth in
the above (13), characterized in that the additive is a surfactant, blending solvent, or leveler.
15 (15) A method of production of a precoated sheet excellent in workability and scratch
resistance as setf fo¥th ihakie above (21porflesk, tearattenizid in thath the-ceatingycortainsea
surfactant in an as$s% or-less. 20 (1 metho rQdyction of a precoated
sheet excellent ?%Bv%é?ktacgiclgi)t?/%gn@d Zéé\or{lchlrsei%srtaﬁéeq%é se ei&f?)rgL Eé%%g Er% 'c?? tﬁ@gﬂox}él 7)
to (15), characteriZ8t¥ By using an induction heating system to heat the substrate by a

heating rate of 1.0C/sec(03). CCsecHB@Soangecas 1o sindtanegusly Ay dhe soated film

layers by heatin thod of productjqn of a precoated sheet excellent in workability
and scra%ch resié%ggz(ze:l% r1Ts}ele't %&tr‘flor%gﬁé %)nér%o‘f tﬁép éb%\?g ?ii)csﬁa (185 Cheta&8ri2&d Fotin

that the viscositid<*3fthe toatiRg feirmifg tha loutermasacdated fitm |ayerahiitheiconting
forming its lowenecated dila layerane 0s2 132 Peaa:shhg pieeoaied shegt of the present

invention exhibit llent.characteristics of scratch resistance 35 and workability and also
exhibits an orang%ueg(ege%{?&gsoﬁaaaitees%e%tcl%‘lénp;eaé’rgﬁ08. T, SMEEIRE chateRoa fifh

does not contain'dHy BERISIGrotRér dispersaee marert it@xhibits exirearelp goaddaiorkability,
in particolar, applitatien e&it to precoated steel sheet etc. is easy. According to the method

of production of the present, invention, the coating Jine is improved in productivity (the line
speed is faster, the coaf(e‘iczl)l f)llrrrlll}s (I:na(?r}c-3 E‘g forthed rb%dﬁﬁ&wgtir?gfaﬁ‘d BhESRKnT stthehd no

baking step of tf&‘feet Bated il kb isl fdgiren, @wrtiedtangesistance as set
forth in the above (13), characterized in that the

additive is a surfactant, blending solvent, or leveler.

15 (15) A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in the above (11) or (13), characterized in that
the coating contains a surfactant in an amount of 0.4
mass% or less.

20 (16) A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in any one of the above (7) to (15), characterized
by using an induction heating system to heat the
substrate by a heating rate of 1.0°C/sec to 20°C/sec in

25 range so as to simultaneously dry the coated film layers
by heating.

(17) A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in any one of the above (7) to (16), characterized

30 in that the viscosities of the coating forming the
outermost coated film layer and the coating forming its
lower coated film layer are 0.2 to 1.0 Pa-s.

The precoated sheet of the present invention
exhibits excellent characteristics of scratch resistance

35 and workability and also exhibits an orange peel-like

solid aesthetic appearance. Further, since the coated



10 of selection of coatings is broad. For this reason, production costs can be slashed.
Further, according to the present invention, even when,changing the coatings or when
changing the order lots, since coatings not containing any beads or other solid matter are
used, the 15 coaters can be easily cleaned, the idling time due to the work of changing the

coatings is shorter HhdtAERe 0 hIs0IBLS Work FouBRA BRIEE DESCRIPTEGNGE THE
DRAWINGS FIGudtis arviewtforsthenmaticallytiltusiedtinggbed 2@ preceated sheet af the
present invention, FIG: 2 is &sch&g&qt'&c enlarged, 'ey_vtoft Closs:. 88 t'q{] ftan ctyal coated
film of the precog’ted sheet of the presecnt?nventio\f\. FIG. % iéj a v?egw%r schema icséli?l)e/eg
illustrating a 25 &bfAventionafFrecoated sheet using resin beads to form an orange peel
surface. FIG. 4 is a viewdardtidgtragingstheh eharectesisties af theiwevy intedfaceof theesent
outermost coated_fi and jts | r.coated film layer.of the 30 precoated sheet of the
present inventioil(,jnnE}SgE}lSIE‘I%/I%/I%D(I%ﬂfzgf)%vé‘é &&%%%b“&uﬁ%m‘&plw&e(w%o&%&%ﬁ T the
schematic view dfff16s, 41 fe precshtéd sheet 6fthethreseneineentdd e Hagna bubsaare d

and a multicoateshfilmdayeroa comprisad of ae3b sentinuausdowes caates laxlaygr 3fepned
on the substrat n tj utermost coated film layer 5 formed aver.it. In FIG. 1,
to facilitate view?%ill%f %@%%%HC(%?G% tﬁ‘e%%:%gt?e% ﬁ]rsn]iﬁ ?/lleW@gr'e%ﬂé 2Cr}17|'3rgré—’1&l M the
thicknes§ directi8|g of fheecdaten fifh 1a98isings (difedtionaserpEadictiiak $o pRaROSH substrate

1with respect to theglanat ditection ef therb subsinatere Observingdhe ealargeding to
cross--section of. ated fi f the precoat heet of the present invention, the
result becomes 5?§h§v%t#%%%%m§a%g§$yt?ﬁé IG%.e n &?&gﬁguﬁé?fh%lép&erégstcgga ad%im°*
layer 5 appears'dh#RsCERBEtH! Buk liffatt ASS ahPrangé Heee coatings not

containing any beads or other solid matter are used, the

15 coaters can be easily cleaned, the idling time due to the
work of changing the coatings is shorter, and there is
also less work trouble.

BRIEEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view for schematically illustrating the

20 precoated sheet of the present invention.

FIG. 2 is a schematic enlarged view of a cross-
section of an actual coated film of the precoated sheet
of the present invention.

FIG. 3 is a view for schematically illustrating a

25 conventional precoated sheet using resin beads to form an
orange peel surface.

FIG. 4 is a view for illustrating the
characteristics of the wavy interface of the outermost
coated film layer and its lower coated film layer of the

30 precoated sheet of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

As shown in the schematic view of FIG. 1, the
precoated sheet of the present invention 10 has &
substrate 1 and a multicoated film layer 7 comprised of a

35 continuous lower coated film layer 3 formed on the
substrate 1 and a continuous outermost coated film layer

S formed over it. In FIG. 1, to facilitate viewing of the



10 surface. FIG. 3 is a schematic view of a conventional orange peel surface precoated sheet
produced using a coating containing resin beads. In tlil% illustrated precoated sheet 100, the
coated film 103 formed on the substrate 15 101 has resin beads 105 dispersed in it. In this
way, in a conventional orange peel surface precoated sheet using resin beads, even if the
resin beads melarid §&fers tofa ‘derafivaégreel Hay afdsreseardispeserkin ktate.

Further, even if adjoining-beads eorabine ane éarm largerc2q partictes; thesewilkstille n
dispersed. There}fgre the§e V\g'll ngt form a continuous %oate%;ilmtAs ()J[%Posedéo this, as
shown in FIGS. T2hdZ; i 'the ofSAGE peePBurtsie Srechate hdat &t th& Bréent invention,

the interface bet#eef the fswer contédt filra A5layet and batariost codtedfilnilayeris the
disturbed by the siyrulenee causeshaktheitimeqf Andng the cqatedflm. by heatingobut he

substantially or substantively the caon 'nui'a/g's aintained. In the case of the %r{or art usin
S ErlEle@r €

resin beads, the 230 tarniodattfity BindBr ORI YelinPBE&ds Mixed intBiE To'the
affinity between ihevavd-desins isHewr ¢sindé ratheptimstwiosnetdissolviniganaachatier isn

sought) and the peatedfilmig easiy givem defectsiuhen (urking therecgated sheet. 33 As
opposed to this, for the coated film of the precoated sheet of the present invention, a

thermosetting ré&ik ity bé& UR84 For BRIt thE BppaPiowist faykts. AAdRIERGIhE Stitface

tensionslf the two 1d deedifferent, they may even be exactly the same resin. Therefore, it. is

possible for the upper/lewer, caated films layars {q baye stual adhesion floseta thal,of e
single layer. Further, since these are simultane%}gsly dried, in the present invention, it is

believed that the°Cidss-S HhkabifiyBétid2hGHe Hppehicwat Peshd A8 Becomesfidfdr, The
substrate used ig @ piasent invention isads 10 partibeladly linvteda e possitvle tedise a
sheet made sheet 100, the coated film 103 formed on the substrate
15 101 has resin beads 105 dispersed in it. In this way, in
a conventional orange peel surface precoated sheet using
resin beads, even if the resin beads melt and deform to a
certain degree, they are present dispersed in state.
Further, even if adjoining beads combine and form larger
20 particles, these will still be dispersed. Therefore,
these will not form a continuous coated film.

As opposed to this, as shown in FIGS. 1 and 2, in
the orange peel surface precoated sheet of the present
invention, the interface between the lower coated film

25 layer and outermost coated film layer is disturbed by the
turbulence caused at the time of drying the coated film
by heating, but substantially or substantively the
continuity is maintained.

In the case of the prior art using resin beads, the

30 thermosetting binder has thermoplastic resin beads mixed
into it, so the affinity between the two resins is low
(since rather the two not dissolving in each other is
sought) and the coated film is easily given defects when
working the precoated sheet.

35 As opposed to this, for the coated film of the
precoated sheet of the present invention, a thermosetting

resin may be used for both of the upper/lower layers. If



of a metal, paper, wood, plywood, etc, or also.a polypropylene (PP), polyethylene
terephthalate (PET), or other resin etc. As a metal shegf, her example, a steel sheet, 15
aluminum sheet, stainless steel sheet, titanium sheet, copper sheet, etc. may be mentioned.
Among these, as ﬁxam le of steel sheets, cold rolled steel sheet, hot: rolled steel sheet,

galvanized steel $Re&t aftd\ed- JaIHHNERRSSIERSHIRE. AfciBf 6y pidtedSsteel. 20
sheet, zinc-alumihuft alfmynplatethsteehslyeety aluntiauex plated steel sheet, chweme.platted

steel sheet, nickel,platad steel sheet zincnickal allpy plated %E%'/esxg}ef&wg? pé%;s%f%seg% Jm

sheet, etc, may he mentioned. The metal sheet may, as necess e pretreate

pretreatment inct ﬁ@gﬁﬁldt\ﬁafé‘?‘ﬁ?a%%t%%érs%%btﬁﬁ@%ﬁc%lﬁwg‘}%li%g?eééiﬁg,le
grinding,5polishifg,yshromater treatmenti zine phosphate-treatment; .compesite exidedijmin

ireatment, o ofher,aochuQEEte iR eAlent, o1 THSSE MGY.PE.ySed glone.gr combined

for 30 treatment Er_ior 0 coating. The conditions for the treatment prior to coa?inarrﬁay e
suitably selected: TRETdAed finPRYERSOsER f PS4 AV RTeRRSH NfoWerscodted il ayer
and outermost coatedditm layer (upper- coated film layer)) are required to exhibit 35

workability, hardness, stgjp rg%g@gggtgh%@écgl _W.ergsgl%aencer gggn umerous c{[h%r I—
performance, so as the types of the main resins used for 1%(;:- coatings useat-to?orm e
coated fiftn layer82% Bbﬁé&%ﬂé‘siﬁ}ﬁ&ﬁﬁqesﬁ? utethBRE Fasihevikgl eHiBride fésiat made
fluororesin, etc. afe suitaile 1 Theepmbjnatiordof the yesing of ¢he .upperdawer layers may be

suitably selected g Agsordanee,5.wifd fhe abjective \nparticylar: a polyester resip s, most
suitable since itdlg sﬁggri%,workagilitg ér?éj chll baglrmed Wi%rﬁ%rcﬁle%s?st%ir?reS|§tan8éf,
and other perfortidlice. ASThE cFéSs-linking agents used in the coatings, a 10 melamine

resin, an amino resin sdich as adenzoghanamire resinanpan jSecyanate. resin stsuperior in

balance gf aluminum sheet, stainless steel sheet, titanium sheet,
copper sheet, etc. may be mentioned. Among these, as
example of steel sheets, cold rolled steel sheet, hot
rolled steel sheet, galvanized steel sheet, alloyed
galvannealed steel sheet, zinc-iron alloy plated steel

20 sheet, zinc-aluminum alloy plated steel sheet, aluminum
plated steel sheet, chrome plated steel sheet, nickel
plated steel sheet, zinc-nickel alloy plated steel sheet,
tin plated steel sheet, etc. may be mentioned.

The metal sheet may, as necessary, be pretreated.

25 Such pretreatment includes cold water washing, hot water
washing, pickling, alkali degreasing, grinding,
polishing, chromate treatment, zinc phosphate treatment,
composite oxide film treatment, or other nonchromate type
treatment, etc. These may be used alone or combined for

30 treatment prior to coating. The conditions for the
treatment prior to coating may be suitably selected.

The coated film layers used in the present invention
(lower coated film layer and outermost coated film layer
(upper coated film layer)) are required to exhibit

35 workability, hardness, stain resistance, chemical

resistance, and numerous other performance, so as the

types of the main resins used for the coatings used to



workability and other performance. The solvents used in the coatings are not particularly
limited. Any solvents may be used. The types 15 of the solvents are preferably selected in a
range of obstructing the dissolution of the resins. Further, their types and amounts may be

selected conside%gg:the viscosities and, coating work efficiency at the time of coating. 20

The upper/lower AyeF e Jeomas have dhy col6rsS [inBonta- ¥4SE< Boktmtag@ms ¥hay be

used to color theme sRurtherreiehapperfewen layet noatingsl ey de thessame AMEIQL 1,
different in color. When gyaking, the.ywnper/loyer same cplqr, coatings are used so
25 that the color difference of the coated fil?n“égwlﬁagﬁg%%eltnlgog s?n%l%?fye?%@%ﬂg tﬁigkﬁggses
of the upper/lowBPR§E(S 5EMeS ¥ Totortitferemce \of 1P oY 663 as Hefinéd bytheis ke

8730-6,151f making the total thickaess after drying of theu3Q uppar/lowey coated filgylayers 5 -
pm or more, formatiop of an grange.peel surface is easy. More preferably, the total thickness
after drying is made B pnlflor more. 'Is'e l?pp{etélliins‘lt gfut%e%fa]ftr%f:lkr‘i’eos%% eﬁuﬁ%g%gq]ot
particularly limiteSpdt iPiEeRfiAedd Hechbrednss 35 greal the esying 2akess timegso from
the viewpoints ofpecdinomyaad productivity, 50 lire. or less is preferable. 13 . In accordance
with need, it is possible q cegt. apather cpating to the meta! sheet and cure and dry it to form
an additignal coated film, then form %%eglc?\jvlenr?gggteagflfr%ﬁgyélrsaend 6ﬂlte#1ngsf:&?§tiaq‘ﬁm =
layer oftfle S préSehEiMtRRtGH Stk type GFihaoafAg forthehadditionalcvated filmris net
particularly limitedebuta polyestet eesin-abases ore; @Poxy resiphased ane, Lureihane o ¢
resin--based one, 3eyl ¥esin-basgd one, £1G. r’%% He mentioned, The selected coating is

coated by a roll i0 coater, curtain flow coater, roller curtain cgéter, electrostatic coater, brush,
blade coater, die coater?l'befc.st%ld’l%”fﬁe HEES5sHpy thickresat thersisatredahd
particularly limited. Any solvents may be used. The types

15 of the solvents are preferably selected in a range not
obstructing the dissolution of the resins. Further, their
types and amounts may be selected considering the
viscosities and coating work efficiency at the time of
coating.

20 The upper/lower layer coatings may have any colors.
In some cases, coloring agents may be used to color them.
Further, the upper/lower layer coatings may be the same
in color or different in color. When making the
upper/lower layers the same color, coatings are used so

25 that the color difference of the coated films when
forming a single layer by the thicknesses of the
upper/lower layers becomes a color difference of 1.0 or
less as defined by the JIS 2 8730-6.1.

If making the total thickness after drying of the

30 upper/lower coated film layers 5 um or more, formation of
an orange peel surface is easy. More preferably, the
total thickness after drying is made 8 um or more. The
upper limit of the total thickness after drying is not
particularly limited, but if the thickness becomes too

35 great, the drying takes time, so from the viewpoints of

economy and productivity, 50 pm or less is preferable.



dried by allowing it to stand at ordinary temperature or by a hot air oven, induction heating
oven, near infrared 15 ray oven, far infrared ray oven, egergy beam curing ovon, etc. as to
obtain the additional coated film layer. The additional coated film may, as needed, have a

known pigment or additive added to it. It may have any thickness, but in a precoated metal
sheet:, 1 to 30 um or 2 rio??r? Barfg%r&%er 3 t%/ fzréea?r%xinﬁ%n%fof’&r?ﬁ“&ﬁe%?iscﬁétreral.
The drying conditfofs ey 56 3bitasly selddied nintactordete withl thautypezofdhe coating tand

the performance desirethtaabe obtained, ku A-bet aif e¥en o Jpduction heating oven, near
infrared ray oven efe, witq_%? a aximum ?péfak metal temperature of 150 to 210C and a

peaking time of 5to 560 56E8ndS éF So gRHERITPTE  58aiti6Ral oo d fivs fayer mag be
omitted, fhay beRE SHRJIE [aieycortrhay beThmuttiipgern Thelprecoatedrshest of the present

invention must 3Qihava a:conted fira withianoytermost surfage.naying a fitared centerline

waviness curve évgfsae%ft%§5 yra < \%{ga51.25 ~.ra and a mean spacing of local peaks of the

filtered centerling Waliness curve W3R orI800 IBRP*Y chSS4m PSS S0A: If Wea is

smaller than 0.38%&R} fee35 epatedofilrebecomes stronglyrsmaothbia feelingnand, ckegargiess

of the We-sm, thgeorgage pebeelingavil bessddqlash Q042 plherdiandyityyea s ayger
ost.

than 1.25 n, the film_ becomes stronglg rough and the smooth impression is e-sm is

smaller than 2800 GMS te Stange" PectfR%IifG BEEOMeEtos SFrong I ivAlE iftebrding larger 5
than 12500 gm, $ie¢ eiargetpdel feclimtistosto Fhelifiltéreadeentertine wavinessdasve fYWca)"

s the value defised byhedollawipgequation ion linigaing. he shart wavelongin stiface

roughness components.from the cross-sectional curve, sampling fro= 10 the obtained curve a
rie

part of the measurement] I%na. PYA e Centétind #idctdn, ighdtiBPRECeHirIie
of the sampled pRaft as B Xadxis andrthe Vericat imaghiieationyrate eirectian as the 2aaxia

and defising ray oven, far infrared ray oven, energy beam curing oven,
etc. so as to obtain the additional coated film layer.
The additional coated film may, as needed, have a
known pigment or additive added to it. It may have any
thickness, but in a precoated metal sheet, 1 to 30 pm- or
20 so, in particular 3 to 12 pm in terms of dry thickness is
general. The drying conditions may be suitably selected
in accordance with the type of the coating and the
performance desired to be obtained, but a hot air oven or
induction heating oven, near infrared ray oven, etc. with
25 a maximum peak metal temperature of 150 to 240°C and a
peaking time of 10 to 200 seconds or so are general. The
additional coated film layer may be omitted, may be a
single layer, or may be a multilayer.
The precoated sheet of the present invention must
30 have a coated film with an outermost surface having a
filtered cenferline waviness curve (Wca) of 0.35 um
Wca<l.25 pm and a mean spacing of local peaks of the

filtered centerline waviness curve (Wc-sm) of 2800 pm

SWc-sm <12500 pm. If Wca is smaller than 0.35 pm, the
35 coated film becomes strongly smooth in feeling and)

regardless of the Wc-sm, the orange peel feeling will be



--r (X), la Ka = -~- & If m jax (urn) The short wavelength surface roughness components are
those of less than 80 oat (cutoff value 30 pm) 20 The “mean spacing of local peaks of the
filtered centerline waviness curve (Wc-stn)" is the value defined by the following equation
when eliminating from the cross-sectional curve the short wavelength surface roughness
components usihg sin.8@pnithutofi vadue, 12Grsdmplingifremi thelebtgme dtduave {fil&remn,

centerine wavines @41YR) BEOALMERRURISNLIBNGN Lndeplonalng s, shags [om &,

crossing point cutting across the mean line from a peak to a valley (intersection with mean
line) to a crossingpaintfromiZ0 te-raxtigeakiie Mudley HwRsmeéid semming the totak rasmber of

spacings as N: kIR ET Tz 1 3y Irecorbs - #b0-aRrBhiL sdor iTdeifltgred GaRIRYing rge
waviness curve (Wca) and the mean spacing of local peaks of the filtered centerline waviness

curve We-sm) wehé essefdd By médsurmgri@fplegesf Ry Hivé Hchfionsahe finding their
averages. 5 In the precoated sheetafdbe peesent inventiany the shapeefdhg iieface s
between the outeymo ted film layer and jts | r,coated film layer is important. To form
the targeted oratﬁlrlée p%e%?%%rfggeggﬁg éh%ge% ﬁwe%lélﬁt%?f'é%ré%a%% ¥els?l?ltavi’:) {/e Controlled and
the interface 10 hasTa Prlgiten Bivavd stlictlife’ Spdedidallyras sRewh M EIG 4 Swhen the

waviness curvecoRpRealingswhenbseeying tieswavy titerfate detweendheLiermasion

coatec,fym layet 43 an s quer Seajed fimulaver 44 by lhe grossseglion in e.43 tickgess

direction of the coated film satisfies the conditions: (1) including large waves defihed by

haaneueasﬂ,the centerline direction, and designating the centerline
of the sampled part as the X-axis and the vertical
magnification rate direction as the Z-axis and defining
z=f (x},

15

wea=—— (7ol (o)

The short wavelength surface roughness components are
those of less than 80 pum (cutoff value 80 um).

20 The "mean spacing of local peaks of the filtered
centerline waviness curve (Wc-sm)" is the wvalue defined
by the following equation when eliminating from the
cross-sectional curve the short wavelength surface
roughness components using an 80 pum cutoff value,

25 sampling from the obtained curve (filtered centerline
waviness curve) a certain measurement length I,
designating the space from a crossing point cutting
across the mean line from a peak to a valley
(intersection with mean line) to a crossing point from

30 the next peak to valley as Sm; and setting the total

number of spacings as N:

N
We—sm= 71/—2 Smy, (um)

i=1



of AAG.81-3 (in the figure, area shown by hatching) where the distance between the coated
film outermost surface S 20 and the interface wavingess gurve w is "A" and the mean
thickness of the outermost coated film layer 43 is "H" and (2) having an average distance

between large waves (correspqnding to distance between points of maximum 25 heights of
adjoining large waves, (rsrlgﬁlvﬁp ﬁﬁ%r%&r(éwff\fbléﬂﬁ X936t 756%. M Sriesd e gbodstahhe
peel surface is forased, fiorcclange wfavescarke glesdrved in thescrosiisectidn of theedates film,

formrion of a gged, a2oge peslsuriase s dgubjl. i 30,06 Average distance hepwesn arge

waves exceeds 750 um, the convection phenomenon of the coating inside the ¢ m at
the time of heatifid aRBdryihgQutets Hobi i theloraAd 8 pekhsdfade’BEESHAES unclear.
Whetheror not the wavimessheurpe of thet exdsshadb seatiorhef the drterface satisfiasthe the
above conditions, ga0be udged asfollons: - 46 (@) Brshflve 3 imjong samples Arg taken
from any five locations on the precoated sheet. ( ‘gT e cross-sections of the individua

samples are examiidd ARPHERIIORIRF prealiare Klddedleviculatel BaRs Eetagd o
distance betweefidargetiaves: {4 Thel averagsasthickness Brotihe outeemestageated fillye
layer is measureg and 9,88 s galcylateg, As, the gverags thicknass, the yalue cajeylated from
the weight of the coated film per unit area of 1 mz and the 1g densi?y of the coated Film is
employ@j. (2) ThE BistahdeeA BETRBeR tHE BAtePHBAE SiFface of the coated film and the
waviness curve of the Bperddde and the 08B areeemparetite.determinerthenlarge wanes s

areas. 15 (3) Amag.iheyaigewaye Aeas, eIl lgseet odhg QujerTiost gyerof the
coated film is selected. The distances Xl, X2, between adjoining large waves starting from
thatpdntamemé?ﬁﬂ@&? the outermost coated film layer 43 and its lower
coated film layer 41 by the cross-section in the
15 thickness direction of the coated film satisfies the
conditions: '
(1) including large waves defined by having areas G

of A<0.8B (in the figure, area shown by hatching) where
the distance between the coated film outermost surface S
20 and the interface waviness curve W is "A" and the mean
thickness of the outermost coated film layer 43 is "B"
and _
{2) having an average distance between large waves
(corresponding to distance between points of maximum
25 heights of adjoining large waves, shown in the figure by
Xy and X3) of 750 pum or less,
a good orange peel surface is formed. If no large waves
are observed in the cross-section of the coated film,
formation of a good orange peel surface is doubtful. If
30 the average distance between large waves exceeds 750 um,
the convection phenomenon of the coating inside the
coated film at the time of heating and drying quiets down
and the orange peel surface becomes unclear.
Whether or not the waviness curve of the cross-
35 section of the interface satisfies the above conditions

can be judged as follows:



(4) The average value of the distance between 20 the large waves is found for each sample.
(5) The average of the distance between large waves for all of the samples is used as the
average distance between large waves of the precoafle sheet. The mechanism behind the
formation of the orange 25 peel surface in the present invention is not clear, but the following
mechanism may be in détionE Lififg tHe deyiAg prodessy daeny semersasonkem afotherany

parts of high and:bvesqr&caectﬁaﬁiprbafetfﬁémfsge%@@&yt%m%%t.'ayef of the coated film. At
the high 30 surface ten%;g) pla}_rlts, the coated film is&pulled in resulting .in the formation of relief
e

shapes. When relief shapesare f6rmed, & differhice afisdd!fh tHerhte SR bIaRRESS of Hie
solvent dependifig o ihe focation tor tHe $udadedDve ta this\@ témperatdretdifferenoglis t35

also caused, Th@'f?@@vé?@‘é@“@ﬂ%&%%meqafygé DihwdQ this convection, a
difference in the concentratiorrq of the solvent occurs depending on the location in the coated

film. Due to this, a difference inthe Sutfactfehefn JCRr& 558 t& s ditfsreRBS fiQitace
tension; further efietsithpeslare lcaysed i Buede stiieecbrabinaftios Bf theseapheriemena, as

orange peel 5 syiface;isdenned. 4n 1bg method of productionof an,qande Reel, surface

precoated sheet of I%fy‘gres nt invention, it is_ essential to form at least upper and lower, that

is, two, coating fiffn fyers ﬁ fheSw&ECR5RSard SnBtnabisly 26 Ry fHent BY heathd e
method for coatifgrthe cpatirty forformirg thef ddateddilmniayergaday be a wet-on-wet

method using a curtain coater ofa rojhgoaie9La JNultilayer sinyltaneoys caating method

using a slide curtain_Coate::, The latter is more preferable. 15 In the method of the present
invention, it is POSSIBIETO Mk intE theCoatMg formirt the Dtite RSt €8 5tet HitHIager #S or
more types of surfdctanits wvitte aiifferbat Surdceatensionsy T histerablds achetterorahge peel

surface to be obtained. The /keaspnds unclear, but
15 (3) Among the large wave areas, one point
closest to the outermost layer of the coated film is
selected. The distances X;, Xz, ... between adjoining large
waves starting from that point are measured.
(4) The average value of the distance between
20 the large waves is found for each sample.

(5) The average of the distance between large
waves for all of the samples is used as the average
distance between large waves of the precoated sheet.

The mechanism behind the formation of the orange

25 peel surface in the present invention is not clear, but
the following mechanism may be in action:

During the drying process, due to some reason or
another, parts of high and low surface tension are formed
in the outermost layer of the coated film. At the high

30 surface tension parts, the coated film is pulled in
resulting in the formation of relief shapes. When relief
shapes are formed, a difference arises in the rate of
volatilization of the solvent depending on the location
on the surface. Due to this, a temperature difference is

35 also caused. Therefore, convection occurs-at the coated
film. Due to this convection, a difference in the

concentration of the solvent occurs depending on the



20 it is believed that surfactants whose surface tensions differ cause a difference in the rate
of volatilization of the solvent an the surface of the c_oaigd film and thereby induce_ the
above-mentioned fine convection phetnomenon. 25 As the surfactant, an acryl resin-based
one, silicone-bai%d one, fluorine-hased one, hydrocarbon based one, etc. is suitable. So

long as there is sufface “&ativity), h&PAEG RIS bR uddde The sitattar Fﬂ}%ﬁﬁﬁé‘e@@f@ahﬁl
agents, leveling adents idparsions30sagentschubricants, foam aigeﬂﬁ,cﬁllﬂf@th@ﬁMéﬂQHS_
ypes in accordange Miibvayious ablectives, Ay qf fhasemay, be ysed, The congenjration of
the surfactant in the coating,is preferabg 0.4 mass % or less, ifover 0.4° mass fB, he Wor

efficiency at the t1l& of CBEHN hecsmas 35!55tt. PBFELaRpHe, wiHerPagplgingthe coating by
curtain coating, therstabitityiaf thie curtdin is easily disturbed, while when roll coating, apart

L . : : |
from the orange 1s pee} suxfg e,r{gagk (sé pe shaped patterns runnin substantially paralle
to the coating direction, see jo%rnal 0 rEt%le Jgpgn ocie y%?C%rﬁl?rnmg erlré?se, \}}’(ﬁ’ef:, ~ no.

9, p. 461) and otRBrd&rEttsRIRTY BEESmeENTSiceabld hr ivaregUssiblz to thange the type

of the solvent usegksiarilhe gdating l@oaﬁjuatthse'ﬁﬂfaqepﬁglsigmdrqr&;@fqplﬁhlglfgnggjyl_twot,
pyrrolidone exhibi hi rface i f about 42 niH/r, while ethoxyet ropionate
exhibits a surfac%%%s%@r%?gggﬁtﬁgyg]‘%m%na%%?yl"éﬁté o%%%eabao% ﬁ%ﬁg%ﬁéﬁ%ﬁw

possibléfo use &5the [C38knd ortfiag ithe obmBsttdeated filPn fe/et Bheating with aing
surface tensionfwherfmeasureddive timesewith a differgpeednigymaxmum yalug.and «

minimum value gf2-miyh1, a5 more s fo.obfain a good oga}:nga?/\l%%il surface. The reason for

- coat . .
this is not clear, but for examplée is believed to be as follows: n]The surfacetnéion is
mea&nedarﬂw@' Q&layer simultaneous coating method using a slide

curtain coater. The latter is more preferable.

15 In the method of the present invention, it is
possible to mix into the coating forming the outermost
coated film layer two or more types of surfactants with
different surface tensions. This enables a better orange
peel surface to be obtained. The reason is unclear, but

20 it is believed that surfactants whose surface tensions
differ cause a difference in the rate of volatilization
of the solvent on the surface of the coated film and
thereby induce the above-mentioned fine convection
phenomenon.

25 As the surfactant, an acryl resin-based one,
silicone-based one, fluorine-based one, hydrocarbon based
one, etc. is suitable. So long as there is surface
activity, another may also be used. The surfactant
includes defoam agents, leveling agents, dispersion

30 agents, lubricants, foam agents, and other various types
in accordance with various objectives. Any of these may
be used. The concentration of the surfactant in the
coating is preferably 0.4 mass$ or less. If over 0.4
mass%, the work efficiency at the time of coating becomes

35 poor. For example, when applying the coating by curtain
coating, the stability of the curtain is easily

disturbed, while when roll coating, apart from the orange



20 times, the phenomenon of its value greatly fluctuating indicates that microscope
unevenness is occurring in the surface tension in the ggating. if microscopic unevenness
occurs in the surface tension in the coating forming the outermost coated film layer, it is
believed that this 25 tri%?}%rg a fine convection phenomenon as explained above in the

outermost coatedSirh | A%Fe dRiRG PrEcdss BhRdeslsREE goptitGiaRGe Peendirace
being formed. Ferna goad oraide ppetsiirface tocbe: farmesk itia gpreferableitha) thessurface
tension be contin 0 ed five fi that the. difference between the
maximum value an%i?%nﬁ\?mé?ne%e %%%Qé; srg%?égt?g iﬁ r?? é/r:g,Ooirorlﬁlf)rg,gijfD fess Egﬁ 2VI\°/I%n‘, a
good orange pedPsurfite Eanfot BEPdbtaiel Ridsiie tases trhe appanliri oftive

difference of thenmaxieiurh Value and minimum value of the 35 surface tension is not

particularly limited, but {fover 1Q mN/m, there is oo%chanc that the coating will not be
sufficiently stirred, so 10 mN/m or%:é?jlsélr%eé?e%gle? or the %Sla in%ygl?rfa%%e ?érrll%ion, the

value of the stafie SURALe tifon BbidifeFaeoc byte prdinudt rifespuilupfimethod may be
used. In the presemtdnventionoe it is Alseppessiblerie t5 gonkokthe 01Hemaost:goatad-film: layer
and the lower cpatad film, layer int% ing surface, tension.so as,to form the orange |
surface. For the orgqr%e peel su?facgja_%o g% fgrfne%ﬂ |§’s i%zspor}l?_’as/nrfltha"f ﬁé[ %b%galrllﬁ%(?/%%?@'&f
the diffefence oPIFRRIPRARESeREBASE 8f thestbaimgrof e mibutedmestadated film fayer
and the surfacedensiary Bbnef ihecaatingafithe Joweanceated film layer be 02 ,N
/r:2~|_Sa-SLE!5 O_mN/nw range; lf th gggffg;ée@%oplds%:ﬁgrsencc%s (I:%sasttpan Ofl rrrlnl\.lllrn,
even if a convection phenomenon occurs in the coated film, unevenness of the 15 Suftdce

tension of the stTFScEHIRERDB e FRRT Gl B Rariattaude epritdmeranigeipeel surfeeawill
be difficult to formn®ixthey wther hands ifrever 5iQ-i.N./me dhedarge difference i suface

tension of the ypperlawerjayers will gayss e intgrface of the, mN/m or more so as
to obtain a good orange peel surface. The reason for this
is not clear, but for example is believed to be as
follows:
When the surface tension is measured a plurality of

20 times, the phenomenon of its value greatly fluctuating
indicates that microscope unevenness is occurring in the
surface tension in the coating. If microscopic unevenness
occurs in the surface tension in the coating forming the
outermost coated film layer, it is believed that this

25 triggers a fine convection phenomenon as explained above
in the outermost coated film layer in the drying process
and leads to a good orange peel surface being formed.

For a good orange peel surface to be formed, it is

preferable that the surface tension be continuously

30 measured five times and that the difference betweén the
maximum value and minimum value of the same be 2 mN/m or
more. If less than 2 mN/m, a good orange peel surface
cannot be obtained in some cases. The upper limit of the
difference of the maximum value and minimum value of the

35 surface tension is not particularly limited, but if over
10 mN/m, there is a good chance that the coating will not

be sufficiently stirred, so 10 mN/m or less is



20 outermost coated film layer and the lower coated film layer to conversely stabilize, _
convection through the upper/lower layer will be suppligssed, and an orange peel surface_ will
be hard to form. In the present invention, during curing of the 25 coating resin by the heating

and drying of the coated film, parts of the upper layer (outermost coated film layer) coating
and its lower lay&r g?:ﬁln%tbg;%'siﬁ%ﬁlf ng elc'l)‘/ge eediETtOR antithe Yoraton

of a boundary interfacechetiveenutheaupperbowenlayersafiad wave stuckije ;and enahling
a good orange p ppearance, e gbtained. To use this mechanism to form an orange
peel surface, the%h‘ggg wlég}iq%ﬁg lIJn[Z? er gwlérs %%y surface tensions must be
maintained in the abovétaffé. 33 AshbE memhedfopadjusting 3he saface emisidreot ahe

coating to the ahoyatraage theeshee ohebaneing the 20-1ypes ot the.additives fosghe
coating (for exargglgtthg JgalVf\ler surfactant, etc.) or their agountiof addition, a method of
0

changing the type an amoun{nofl t??éesrol\}enntf:%?c.lanr% psbuslél 16 F re&?’ajrﬁﬂe?’\?/hgﬁ atd%iing a
surfactant ', in the dbafiRg t@ aejiEt the sdrfsce fersion, Ehe coheentratioreofthe susfactartan

the coating is prefersblysas:explained ahoven 4 raass%rt tess - The LRPEVIOWEL 1ayer, ¢
coatings become less of obstacles to flow the lower they are in viscosity, so an 10 orange

peel surface beconfes BasiEr R ofmO ThERfscsity S6taht Eading iSadpistéd o 6R¥blinyPas

in rangep preferaply OcntekAoBas dbrange. fheniscosity of the wpating,canbe adjysied by,

changing the amouni of the solvent or_the type of the solvent in the coating. is Further, a
thickener or otheor%d%ﬁﬁ/ecrﬁgg el the)h%djiu%‘f’ﬁfe (iRa5SH. %iﬂb\&m‘r‘?&hfﬁ nfay be

used. in additiormtd /adiUustmeint iof3he cawing canditiane .expfainkd aboveaarotbenimpartant
factor in formatioq; ¢frapgiaage peelswiaseis the peaiing and Arying-2Q conditians of the
coated film, phenomenon occurs in the coated film, unevenness of the
15 surface tension of the surface of the coated film will be
hard to cause and an orange peel surface will be
difficult to form. On the other hand, if over 5.0 mN/m,
the large difference in surface tension of the
upper/lower layers will cause the interface of the
20 outermost coated film layer and the lower coated film
layer to conversely stabilize, convection through the
upper/lower layer will be suppressed, and an orange peel
surface will be hard to form.
In the present invention, during curing of the
25 coating resin by the heating and drying of the coated
film, parts of the upper layer (outermost coated film
layer) coating and its lower layer coating are suitably
redeployed resulting in convection and the formation of a
boundary interface between the upper/lower layers of a
30 wave structure, and enabling a good orange peel
appearance to be obtained. To use this mechanism to form
an orange peel surface, the difference between the
upper/lower layer surface tensions must be maintained in
the above range.
35 As the method for adjusting the surface tension of

the coating to the above range, a method of changing the



in the present invention, the heating method is not particularly limited. Infrared radiation, hot
air, ultrasonic heating, induction heating, etc. may be,guitably selected in accordance with
the final product. 25 However, in the phenomenon of convection in the coating in the coated
film, hearing from the substrate side is advantageous for improving the production efficiency.

Even if heating fréM&he 3hirfakE t i tchatsd fitd, White fRAEIMRClibADHEFRRTon £ be
30 produced, thédrealirg ratewafmot batmade as high: asivith: heating from the gubstiate,
side. From this \éiewggmdwg]_enéﬁ@l%m%alﬁseth@ %Lébsg%e, use of induction heating, .
electric current heating, ultrasonic heating; or another means for heating and drying from ‘the
inside 35 surfac®'df thé E6alaSith&abstiate Sde)ial prefeidie. BHidpid heanind #om e
substrate side, am drargepeelisuface becpmes ensies ta foras 2de Thedigatingsate of the

metal substrate ig,not. pasticularly linit ut.in.general one of 1 to 20 C/sec_xn range is
suitable. if less than !'C/gec, the%rodu%?lj\(/%iyéfg sg,asc(;E ﬁ}rlléc islﬁott][?r%fecr?)eadé, While'it 5 larger than
20C/sec, the pr&BigAF3IObPInG Bctirsl Next Sexdifipies Wil bemaseeftofarthes explain the

present invention. However, thp presentdnventipns sl dimiged ietherdellowing examples
needless to sayogé@glg. .1 lQoStg%aheC%}% Ep%ated ]}Nl%émc to gloigllmvziwere

8ge H ar scosi%y S &8
nonchromate-treated (Nihon Parkerizing ) as coating priming to prepare subs rates.
These tlibstratés ABRESORRBY it o dted amas Aasi6R. 121 B fRe pldsent inrsriiony

shown in Table dfanchd5dabie 2(amongithese cthetcoaied fitas A-bl QQAslzhli’e-Lﬂﬂlge ,
reference example).sLhes gfed filps yvere comprised of outermost (Iup er) coated fil
layers of dry avégrage thi?:ﬁlr%)sseg ol#-jgl.o p% an% ower coated film a%/ersl §F 8)rsyl%a\//e(rje{fgé:'nn ¢

thicknesses of ZPdrhi FHe THPeP RoafeHRMFESD iy erd drd Ieridteusig woatings Hawing the

polyester- solvent or the type of the solvent in the coating.
15 Further, a thickener or other additive may be used to
adjust the viscosity. A known method may be used.

In addition to adjustment of the coating conditions
explained above, another important factor in formation of
an orange peel surface is the heating and drying

20 conditions of the coated film.

In the present invention, the heating method is not
particularly limited. Infrared radiation, hot air,
ultrasonic heating, induction heating, etc. may be
suitably selected in accordance with the final product.

25 However, in the phenomenon of convection in the
coating in the coated film, heating from the substrate
side is advantageous for improvihg the production
efficiency. Even if heating from the surface of the
coated film, while the convection phenomenon can be

30 produced, the heating rate cannot be made as high as with
heating from the substrate side. From this viewpoint,
when using metal as the substrate, use of induction
heating, electric current heating, ultrasonic heating, or
another means for heating and drying from the inside

35 surface of the coated film (substrate side) is
preferable. By rapid heating from the substrate side, an

orange peel surface becomes easier to form.



based resin FLC7000 (made by Japan Fine Coatings, beige color) as a main resin, while the
lower coated film layers were formed using coatings Bgving a polyester- based resin (made
by japan Fine Coatings, beige color, 25 resin glass transition point of 12C) as a main resin, by

the wet-on-wet method, 1ising a curtain coater o th simuganeou multilayer coating method
using a slide hopper S/T&aec%tea?r?%ggtir{ga%ﬁstgr%n. %gter?ﬁ fal’]ﬁesrlé%ﬁfg@\}é?e tve 88Me no

matter what the peating-methdd; 30i The egpetiowerayeneaatingsnrerefmixedovitin vakeuds
additives to chan%e their surface tensions. The additives used were as follows: - Polyflow S;

d (2]
Kusumoto Chemitals Siffactznt SUAdrEStbased Ievaidr (S)PRubinitehémicals 35
surfactant - BY KeI4tiSithasedvdefedmsagent made byBYikK t- B2 efBYKe@80:vSishasedt

defoam agent B - BYK:=06, 5; Si-pased defoam agent made by BYK -- BYK-057:
non-Si-bgased drzj?ga?rﬁéggé&?%la eéﬁt))gl §\?|2'£$?<8§§eb %8%‘-3‘%&888%%? r%cacg%ﬁ'made by.
DYK - BYK-053: non-Sisbaseddefdareedgetitimade byBvK BY K@7thenos+Sitbased ldetoai:

agent made by BY¥KseStbasedievelar. Sitbased leveleranade by BYKnThe uppgr eeateskfilm
layers, unless otfervi/i,ggén%i%ai;cegé hzt-xg 012 mass% of Poiyflow S added to them, i0 while the
a

lower coated film féryl/ers he amounts 8f ‘additvesd Shown I TanieS nd°T&518 2 added to
them. The upper layer E&atitissardd the lower layer coatings were made the same in resins,

cross--lioking agents, 3aé pigragridngresientsqUpless othewise 153n i;zﬁ@eq,eqsethe_ solvent,
xylene/Sorbessq 150 (1./1 mass, ratio) was used. In The A-13 tp A-- coated film,
layers, the surfa%g %grﬁ(sﬁgrl?&veeréc EﬁS‘r‘?'geég, Wis%%c?ur% a%adlrikgeléln%/lé}ﬂjif#&es%v%)%r)ch%ﬁgﬁogaﬁfélg

types of the solehtMPHREI heatiRg APy RIgRESHRtGTS: of the coated film layers 20 in a hot air

oven were a maximummeakenetab tempeaiure: of 2804mand aidnyingiime of 7O secongds,
A-1 to A-21 of the present invention shown in Table 1 and
15 Table 2 (among these, the coated films A-11 to A-14 being
reference example). These coated films were comprised of
outermost (upper) coated film layers of dry average

thicknesses of 10 um and lower coated film layers of dry

average thicknesses of 12 pm. The upper coated film

20 layers were formed using coatings having the polyester-
based resin FLC7000 (made by Japan Fine Coatings, beige
color) as a main resin, while the lower coated film
layers were formed using coatings having a polyester-—
based resin (made by Japan Fine Coatings, beige color,

25 resin glass transition point of 12°C) as a main resin, by
the wet-on-wet method using a curtain coater or the
simultaneous multilayer coating method using a slide
hopper type curtain coating system. Note that the results
were the same no matter what the coating method.

30 The upper/lower layer coatings were mixed with
various additives to change their surface tensions. The
additives used were as follows:

- Polyflow S: Kusumoto Chemicals surfactant
- non-Si-based leveler (S): Kusumoto Chemicals
35 surfactant '

- BYK-141: Si-based defoam agent made by BYK



The surface tensions of the coatings and the absolute values of the differences in surfaces
tensions of the upper layer and lower layer coatings agg,shown 25 together with _the presence
of formation of any orange peel surface at the coated films after heating and drying
(formation of orange peel surface evaluated as "A", no formation of orange peel surface as

"C") in Table 1 and Table 27 33%&%he1 AfecdrIC L0pPerIINEWIRI5d@d @)‘%lng_e layer
I~.yc:z Upper/lower coatedfiliro6coatibiy-teating tieas surace dirt ,cea dryascomskitution lower

surface ;,Mace fibE Coate 0 |t film.avr eta | ifik- tca.-- ;Lower coated film -layer
film layer r; ' _d!m ;n7:dJ:wgr§tI§ I?ﬁ?ﬂ'ivﬁgg}&iti%/é eé%é?%g Ec.iéﬁfé)ag%iﬁ_g%r\é%d Ea](%o%/ﬁorv%Y 0.2
3.031,70i 3 S) leveler Y RXXFedyz PiwSi ®pyrR1 4L 6232 p37s made Dy BYK- -

k_:3 Po yflcwS BYI 147-0.882-080.3 harA SA-bEeeyf7dmF Sakdlk &0,0 ‘iaa?dleg 13577-339;4 A
- . fi 0! . . A-6 Pol?S o0*h .BYK 057 0 x2.
ot 5 ey £ ae A T S-S FTR P DS IN 8880 BRI 5

A-?~oltilaw J..... r~~' 057 E 32,0 E 32,1 O.1 _~~...40'iPo
0.5A ... c Polyflew S BYKS95Pess9i3297sder: Si-based 3eveler made by BYK

The upper coated film layers, unless otherwise
indicated, had 0.2 mass% of Polyflow S added to them,

10 while the lower coated film layers had the amounts of
additives shown in Table 1 and Table 2 added to them.

The upper layer coatings and the lower layer
coatings were made the same in resins, cross-linking
agents, and pigment ingredients. Unless otherwise

S indicated, as the solvent, xylene/Sorbesso 150 (1/1 mass
ratio) was used. In the A-13 to A-16 lower coated film
layers, the surface tensions were changed, without adding
any additives, by changing the types of the solvent. The
heating and drying conditions of the coated film layers

20 in a hot air oven were a maximum peak metal temperature
of 230°C," and a drying time of 70 seconds.

The surface tensions of the coatings and the
absolute values of the differences in surfaces tensions
of the upper layer and lower layer coatings are shown

25 together with the presence of formation of any orange
peel surface at the coated films after heating and drying
(formation of orange peel surface evaluated as "A", no
formation of orange peel surface as "C") in Table 1 and
Table 2.



z 'lt7 IBM low C+ BIR 07~ C.~;t2.1,~.7>-,g 7 1 Refvan. e leveler C1. 05 33.3 288,7 5.2

U aa.)

Polyflow 3 ¢ :5ar3 ~' - 32.0 26.9 3.1 C 8\,;! (butyl acetate) A-C..

change i pyrrolidone)

3mount~E o .

(Ref None Polyflow 2 0.2 33.3 27.9$ Q. ex.ai A.-13 solvent ge (Ref.
_ E (Ref. Polyflow S

lower coated film
tens-Oll IE7Lio:_

Lowa coated filnwboaecrr"

e, T -24- Table 2
....................... Too o
added Upper Lower Iaver E Iave ranqe Upper/tooapees pee-
OW e§ coat.,.ng coating | floes cd fon sypiaca susface ci-ate(: g
L 2rne|Ci.C;: )fi 0<o0 tE: ~i ).IYn | { §5§je&I‘>nl(ka)r i-f-+ayer range
_ . |{faper/loner coated £ilm eoating | coating codted cd%\e@]d
N oy Sr iy [P s sorace | an [
Irn 25 tension|tension EFma_
1 ion
film layer (8a) (8b)
égzﬁza Lower céated
: film layer % mN/m mN/m mN/m
film layer s
additive additive
non-Si-based
A-1 |Polyflow S leveler (S) 0.2 | 32.0 31.7 0.3 A
A-2 |Polyflow S BYK-141 0.2 32.0 31.5 0.5 A
A-3 |Polyflow S BYK-141 0.4 32.0 30.3 1.7 A
A-4 |Polyflow S BYK-080 0.2 32.0 32.1 0.1 A
A-5 |Polyflow S BYK-065 0.4 32.0 31.0 1.0 A
A-6 |Polyflow S BYK-057 0.1 32.0 32.6 0.6 A
A~7 |Polyflow S BYK-057 0.2 32.0 32.1 0.1 A
A-8 |Polyflow S BYK-055 0.4 32.0 32.5 0.5 A
A-9 |Polyflow S BYK-053 0.4 32.0 30.7 1.3 A
2-10 |Polyflow S BYK-077 0.2 32.0 28.4 3.6 A
A-11 i
(Ref. None S =baserd 0.05 33.3 28.1 5.2 o
ex. ) leveler
A-12
(Ref. None Polyflow S 0.2 33.3 27.8 5.5 C
ex. )
A-13 solvent
(Ref. |Polyflow S change 5 32.0 26.9 5.1 c
a5, (butyl
’ acetate)
A-14 solvent
change
iifi. Polyflow S (N-methyl 3210 38.5 6.5 C
: pyrrolidone)




. A-15 Poly flow E_S@Igent change. 3talL 35.92.51
..6..EPolyflo. ----solvent change 37.0S.t? .A-16 S
?S-1.7 SYK1241 6Yri-0;17 031 31.332.1. 0.8 A

layer additive _
cammm e e o r- .
S {cyclohexanone)
{cyclohexaalrraerald“lP) -32.0 A 1

3 rEl[of-na3(K_41.U{f} Aa 0,2 31,5 ------m-mm-ommmms e e I to1yf0,41
{0&a R1K16.1 1|G._ 31731 ~72it r 03 lyflow A-2 ) $RBIMM rllue%ggz&ggeg.z ||gu Iz
unstable) i g r-~A n1n-$l leveler .. (S) 0.2 31"? 31.2 C taig‘l%‘é that hy gontfolling the.nqe
absolute value 15a-6blof tHeodiféienee @bs@ﬁfafcénensiopggf heauppeeBtayelidnd loweel
layer coatings, an orande peel3(ffacereait Belfsimed. [fJca:8l 1 EREe fdP§ Saeemw_rr surface
(reference exanipecagted films A--11 to t-14), the intetfacebe AT thE"EoaMRd filnf pafafdon
stabilizes, so the driHye peel surface appears only partiaiesRurtRer, if tH H&P& islno 10
difference betwgen A ar dclgﬁ’& -41), the orange peel surface |s either |not formged or becomes
unclear. Example 2 Ga vapi‘zlg;l stéelsheetspreparbd |n ngampl%} were form m% ith th
coated films A-1|to A-1Q explained in & Exatpté e prepare test pieces and were forme
with the coated ffilms 5-Hdtd 8-50f comparative examples shawn
A-15 Polyflow| Solvent change _ 32.0 34.9 |2.9 2
S (cyclohexanone)
_ Polyflow solvent change _
B=L6 S {(cyclohexanone/NMP) 5210 37.0 5.0 A
BYK080
(0.2%)
A-17 | oorlan BYK-057 0.2 | 31.3 | 32.1 |o0.8 a
(0.2%)
Polyflow
A-18 1710 us) BYK141 0.2 | 31.9 31.5_ 0.4 A
_ A
A-19 EO}gfggg’ BYK141 0.2 | 31.7 | 31.5 |0.2|(curtain
e unstable)
a
A-20 SPOl(é’féfj”)“ BYK141 0.5 | 32.0 | 29.8 |2.2] (curtain
T unstable)
Polyflow .
A-21 S (0.6%) non-Si leveler (S) 0.2 S, 7 31.7 0.0 C

It is learned that by controlling the absolute value

|8a-8b|of the difference of surface tensions of the upper

w

layer and lower layer coatings, an orange peel surface

|8a-8b| exceeds 5.0 mN/m (reference

example coated films A-11 to A-14), the interface between

can be formed. If

the coated film layers stabilizes, so the orange peel
surface appears only partially. Further, if there is no
(A—Zl) ’

surface is either not formed or becomes unclear.

10 difference between 8a and &b the orange peel
Example 2
Galvanized steel sheets prepared in Example 1 were
formed with the coated films A-1 to A-10 explained in -
15 Example 1 to prepare test pieces and were formed with the
coated films B-1 to B-5 of comparative examples shown
below to prepare test pieces.

(1) Coated film B-1




below to prepare test pieces, (1) Coated film }3-1 -- 25 A substrate was formed (baked) with a
lower coated. film layer of a polyester-based primer reginto 5 pin, then was coated over that
with a coating comprised of a mixed resin of a polyester resin with a glass 5 transition point of

12°C and a butylated melaming resin jn_an 85/15 (mass) ratiq and polyester resin beads
(particle size 40 pm) contai'n(re}‘ﬁ %%ns g%%u%t%?iogl gﬁé falgga Jﬁ%ﬁ% "511% hre ?l‘é%’éy

induction heating%@*éﬁ%tlﬁl{ﬁaxihﬁ)’rﬁ}beaf( eralerperatre of 230Ci TR dry thickhess of
the upper 10 layef conianing.hedssineadaas d299: Q) oA NP2 huaeplley o
using a polyester resin with a glass transition point of 35C, the same as -1a? oated |Irr_1
3--_ 15 Except for Rot'CohtaRig pSifesdter ?asif Sb&4d rveisariié Hs B'-:9{HToated film B--i

o e e o, S g P
addition of the resin beads o 0, the same as 5-1. oated film B-S Exc |
the resin beads ?ﬁjtr?gzégriguﬂf“%?ﬁ ditioh™St 298 hRSare B8 B-1S Bhh RBAR flilRFWakcle

measured for Wea andA¥cism 2onsinghadoye Seikisusiace measwemant systedd using
"Surfcom” under itions of a measurement length of 25 zran, a_cutoff of 80 gm, and a
measurement séeceﬁ)dEJ gy’ 0 g%r% ‘%gé:.yl'hlenggr%r}[ccjhor%;Fs?gﬁéenﬁlagve%%luaa ed b@ap%gg}lﬁgpaeak
postcard by thefingerlaganstethetsurfacefof2Re tbat&th<3Qfily b adkad ©f abbuth&kgupper
rubbing i back y th r_.the.surface of the coated film 30 ti , then visually ‘'judging
the degr%te of séir%l1 ﬁ%gcg‘}{tﬁg%%%%ea%te thgec%%?ea&ﬁfémgﬁgegib?fz %r([:]r'atching was
evaluated as "C" almo$tihvisiisia sefatEhiHg d57A", and some 35 scratching as "B".

Except for using a polyester resin with a glass
transition point of 35°C, the same as B-1.
(3) Coated film B-3
15 Except for not containing polyester resin
beads, the same as B-1.
(4) Coated film B-4
Except for using resin beads having an average
particle size of 10 pm in the amount of addition of the
20 resin beads of 12%, the same as B-1.
(5) Coated film B-5
Except for using the resin beads in the amount
of addition of 2%, the same as B-1.
Each coated film was measured for Wca and Wc-sm
25 using a Toyo Seiki surface measurement system "Surfcom"
under conditions of a measurement length of 25 mm, a
cutoff of 80 pum, and a measurement speed of 0.5 mm/sec.
The scratch resistance was evaluated by pressing a
postcard by the finger against the surface of the coated
30 film by a load of about 5 kg, rubbing it back and forth
over the surface of the coated film 30 times, then
visually judging the degreé of scratching of the surface
of the coated film. Noticeable scratching was evaluated
as "C", almost invisible scratching as "A", and some
35 scratching as "B".

The workability was evaluated by running a T-bending



The workability was evaluated by running a T--bending -. 26 test at 204and examining the
bent part of the coated film by a loX loupe to find the }'6of_the limit where no cracks occur.
For example, when 2'1 beading leads to cracks being observed and 3T bending does not
lead to 5 cracks being observed, the score is 3'T'. The gloss was evaluated by employing the
60 degree mirrdrssiitfaee réfléctamee (syefthe surfackofloaate ditm. Thie dbtained results

are shown in Taple 3,

upper and lower coat?(d
appearance. Tabfe®$

gwith 19 thedistanceshetwegn largeavayes atthe 'nzﬁ{@feeagféhe

ilm layers in the cross-section of the coated film and the visu

S occur. For example. where £T BENd&RFutdR2ifm toflim) (

gym). -- @515[.averk o, dethrig85bse rved. .ard--37-benrdaQD IQG:Saote asan:te 84 A

om.

1140 {1y, 850 Same as apove IHS 0T >.-17..9

B BeEing ©
5200 ~.... r50 Same .e abc:o.%% A~ OA-~ 5051.225001 700 --A-6 125 3600 rCO Same

the

_ 60 deprgeri

.0 31047 550 Same asmabovefacB4Af10Ftade At29 .52 2800 550 Garae as alepvasd

10

15

film.

The obtained results are shown in Table 3 along with

the distance between large waves at the interface of the

upper and lower coated film layers in the cross-section

of the coated film and the visual appearance.

Table 3
Distance s _—
Coated Wca Wc-sm | between cré © Work-
) Appearance Gloss|resist- <5
film (um) {pm) waves ability
ance
(pm)
A-1 0.7 | 3550 650 | Smooth relief | g A 0T
shapes
A-2 0.7 4600 700 Same as above 84 A oT
A-3 0.6 7300 650 Same as above 85 A oT
A-4 1.0 5200 750 Same as above 84 A 0T |
A-5 1.2 4500 700 Same as above 85 A 0T
A-6 1:25 3600 700 Same as above 84 A oT
A7 1.0 | 2800 600 | Somevhat large | g, A oT
relief shapes
A-8 1.0 3100 550 Same as above 84 A oT
A-9 1.2 2800 550 Same as above 85 A oT
A-10 | 0.35 | 2800 | oo |Moderate relief) gq A 0T
shapes
Sl - Smooth relief
(Comp. | 0.7 | 3000 700 n N 80 B oT
shapes
ex.)
B-2*
(Comp. 0.9 2900 650 Same as above 81 A 2T
ex.)
B-3 Smooth
(Comp. 0.7 15000 2200 oF (Orange peel 85 © oT
more
ex.) absent)
B-4+* Orange peel
(Comp. 0.3 3500 700 feeling 85 C 0T
ex.) insufficient
B-5% Orange peel
(Comp. | 0.6 | 7300 800 19€ P 85 C 0T
o=, feeling small
*resin bead-containing coated film
In the coated films B-1, B-2, B-4, and B-5 of the



---------------------------------------------- 310 0.352800 n0O0 M 05..".~...--'A-__._ Moderate relief?
..slaves OT ... ----ef---{.... {CanP 0.7 000 700 Smoothreli80 S'!

OT shapes ex.; G --- ----------m-mmmmmm- (Comp, 0.9 29007650 Sane as above 81 A 2T 1 ex.}--
------ p mm = mm mememememememems e memeeeee - eeee - - —————- t SMOOth [Com 0.7 15000 1300

;) P. (Orange peePREratis¥e examples, in@ludin@--begmntpmarmge peel I (Comp.

0.3 3500 700 feeling BaG3 1K thX-on-scratchiNsdfidentce ivas-inferior COMP: 0.6

7300 0000 Or p Q5 a‘tggﬁxféf fegﬂgg V%mt?lla 1, resin bead-containing coated film in the coated
and B--

films B, 3...", B-4., of'the = 27 ‘CoriParativs exafiblES HERRIMG Beads rdasst the

workability or scraf¢hlfésistdndeewas imferior-. In the coated film E---3 with no beads, an _
orange peel surface cogichpgtike formed. S Example 3 Galvanized steel sheets prepared in

' i for the coated films A-3 and A-9 explained in
Example 1 were Coategwitgggg < tlng[sg?l sheets prepared in Exampple 1l were

Example 1 using a slide ﬁ/pe clrtafit ¢S
coated with the coatings for the coated films A-3 and A-9
explained in Example 1 using a slide type curtain coater
to form lower layers of 10 pm and upper layers of 12 um

10 which were then baked on using an induction heating oven
and a hot air oven while changing the heating conditions.
The heating conditions were such that the samples were
heated from ordinary temperature (about 20°C) to the
maximum peak metal temperature of 230°C during which time

15 the following heating rate (average rate until reaching
230°C) was used:

I: 1.0°C/sec,

IT: 2.5°C/sec,

IIT: 4.0°C/sec,

20 IV: 5.5°C/sec, or

V: 20°C/sec.

The surfaces of the coated films after the heat
treatment were observed. When orange peel surfaces were
formed well, they were evaluated as "A", while when they

25 were not, they were evaluated as "C". The results are

shown in Table 4.

Table 4
Heating %23&;?? Heating | Heating | Heating iiii:??
method . rate II |[rate III| rate 1V A
(minimum) (maximum)
InducFlon a A A A a
heating
Hot air
oven A © C C C
heating

30 From the results of Table 4, it is learned that if



to form lower layers of 10 M and upper layers of 12 i.im 10 which were then bqked on using
an induction heating oven and a hot air oven while c_ha?gin_g the heat_lng condltlons, The
heating conditions were such that the samples were héated from _ordmary temperature_(about
20C) to the maximum peak metal temperature of 230C during which time 15 the following
heating rate (aveFsyeate DAtIGEABRING e300 Pwathseline 1 s0€sicedh ZE0Gsecedad

41.0C/sec, 20 IV=bhl ¥h20CHege Thesurfages ot the.coated f%r;@;grgg@rmetﬂe%to %ﬁzatnjelrln
re formed well, they were evaluated as "A",

were observed. nge peel surfaces we ‘ ted

while when they\%%%v%vgr@ﬁo?ﬁ]e?/av(\fugreoe%va%aﬁeﬁ SR REulS &r® ShbuHRtEBle 4.
Table 4 Heating ASeHiihgd . eafhfy PleBBing ¢edting Heatirgks enetHo rate rate 1domteTill
rate IV, rate V (nfzniming 3dsmemlrindibaile {8t AA &, -rrscsate LT Could

HC) f: air J ---~ Qven Ageggg% 0) From the results of Table 4, it is learned that It using

induction heatingr,l?ne ine spee ¢af be increased and an orange peel surface can he formed

with good control. In edekastrie ekamples of use of induction heating, the popping defects
caused due to the solvetblvanized steel sheets prepared in Example 1 were
formed with the coated films A-22 to A-24 of the present
10 invention shown in Table 5§ (of these, the coated film A-
24 is a reference example). These coated films were
prepared by the same conditions as in Example 1 except
for the additives shown in Table 5. When preparing the
coatings, the predetermined additives were added to the
15 coatings, then a high speed disperser (Toyo Seiki paint
shaker Model SCD) was used to stir the mixtures at 2000
rpm for 15 minutes.
The measurements of the surface tensions right after
preparation of upper layer coatings were performed after
20 strong stirring, then standing for 20 minutes. Further,
the measurements of the surface tensions of the coatings
after standing for one day and after standing for one
month were performed after using a high speed disperser
for.strong stirring at 2000 rpm for 5 minutes and
25 standing for 20 minutes. Note that for measurement of the
surface tensions of the coatings, a BYK dynometer was

used to measure the values of the static surface tensions

at 20°C by the platinum ring pullup method.



5 failing to he released well from the coated. film could not be observed. Example 4

Galvanize:'- steel sheets prepared in Example 1 were f
A-24 of the present i0 invention shown in Table 5 (of t%

Qrmed with the coated films A-22 to
ese, the coated film A 24 is a

reference example) - These coated films were prepared by the same conditions as in
Example | except for the additives shown in Table’8Aen preparing the coatings, the

predetermined al
Seiki paint shak
measurements d
performed after
af the surface te
month were perf
minutes and 25 §
of the coatings, :
tensions at 20C

co at n coated f{lm sur_

Lower Maximum

dditives|were aggﬁgngo the tbpeeatings; then a high spedd disperger (Togo
er Mode gggﬁjé/&a?:i ied to stirdhénmixtures 2000 rpm for 15 miputes. The
f the surface teggions right affef S&paration.efupper layer coatings were
20 strorlgcsﬂﬁﬁigpmimstand(i@ anT;?O m|nutgsrFlrther, [thesmeasurements
NSRS ( i : Tor Peadaysandafter stahding for one
ormed gftePRAINg &Mgh speed disperser Efg)igggngﬁsmrr A&t 2B00 AT for 5
standing f Oigg%iﬁgﬁﬁgl\lggéi{bat ferameasyteme nt8fthe” Eiifage tensions
3 }3YK dynopa.eterwas, usgéet méeasure thgyalues of the static [surface
by the platiatm 'irxgwmlupmeugb;?%_- -Table 5{j "J .. ,|r,{,e Upper ,-ages "
aceivaver toveer tensi()nlgﬁfelft:tu ioa:? | fi Layer Oran.ae .., al
P el [ nfifm Goating 1S~ ¥=~_1[Coatef: ..., | JseIppers
_ surface g,5 syrface Remarks after
_ BYK-077|BYK-057 preparation
A-22 "0 63) | (0.23) | 32-1| 2-8 32.1 | 0.0 A of upper
layer
coating
1 day after
a o preparation
A-23 Bifégz7 a Q57 32 =1 2k 32.1 0.0 A of upper
. 6% (0.2%)
layer
R - ) coating
1 month
A-24 after
BYK-077|BYK-057 preparation
(eP;ef). (0.6%) | (0.28) |32-1]| 1.5 32.1 | 0.0 © of upper
’ layer
coating

five times,

When measuring a general coating for surface tension

usually the difference

(variation)

between

the maximum value and minimum value is at most within

0.05 mN/m in range, but with the coating (A-22) used in

the present invention, it is 2.8 mN/m. Since there is no

difference in surface tension between the upper layer and

lower layer, normally no orange peel surface would be

layer is 2 mN/m or more,

formed, but the variation in surface tension of the upper

SO an orange peel appearance is

If storing this coating, the variation in surface

tension gradually becomes smaller. After storage for one

5

10
obtained.

15 day (A-23),
mN/m,
However,

after storage for one month

(A-24

)

the variation in surface tension is still 2.1
SO an orange peel appearance is manifested.
the

variation in surface tension becomes 1.5 mN/m and the

orange peel appearance can no longer be seen.



coated coated ,--5 value tension f,ornia T iilr" a n d fiim aver-i {Sb; t : .,,, Layer layer age
minimum MN IM addi- ad-Ei t value value ave Live _ differ- ellc.e 20 minutes- i | after. A--22
BYK-077 BYv 1,5'; c. preparation 32.1 2.8 32..1 ~eL Ai0.c) N, 2%) od upper _ layer coating |

day after ---- - - - === = cmoeee e o - e - B YiK-077;1-%,-J("15i~ 32.1 2.? 32.1 'i unper
layer COB t:'ITIQ --- -- INDUSIRIAT| /R BYIGABILIT ytc-ixator iier ---------- soem e
-------- [--- -----mm- - & phWherdneaswing aganesal coating ok surfagce tension, five times,

usually the difference (yariation) between the maximurn value and minimum value is at most
within_ 0.05 rdd/ﬁﬁYr?é:\ %?bﬁf)‘%itﬂ‘?hglc%ﬁgﬁfgﬁ(‘&- )h‘%eéjliﬁ%tﬂé §&fit invEReoH: itis.8
mli/m. Since thesalistag liffgreaee imserfacel tehsioybetvaerethengpperdayertantl sowbr as

layer, naymally nq.qrangs pech sutface wouldbhe 101forped buldiie variatign iggyrfgce
tension of the upper . )
sundry goods, and automobiles. In particular, the
precoated sheet of the present invention maintains its
beautiful appearance of an orange peel surface without
the coated film being damaged even if the substrate is
10 shaped after coating. Therefore, there are promising
applications for precoated metal sheets.
Further, orange peel surfaces are often formed by
powder coating or electrostatic coating, so there is a
good chance of the method of production of the present
15 invention being utilized as alternative technology in
these fields.



layer is 2 mN/n or more, so an orange peel appearance Aa obtained. if storing this coating,
the variation in surface tension gradually becomes smaller. After storage for one 15 cloy
(A-23}, the variation in surface tension is still 2.1 r.I\Tfrr:?,lso"an orange peel appearance is
manifested. However, after storage for one month (A-24), the variation in surface tension
becomes 1.5 miv/m and the orange peel appearancgZcanmsno longer be seen. INDUSTRIAL

APPL:rcABJLIT: The precoatgd sheghacerding.to.the.present, inventign cenbe widely ysed

in fields where a beautiful surface appearance and design sense are requested such as_5
building materiafEShdffe elEEF it HppiaRc &L G 'Sttify goBds Mt &gtomdtireteh £11m
particular, the preddatec she¢tafthe tpresertdnventionimairdaifs itse bedutifahappadnance of

an orange peel surface without_the coated film being damaged even.if the substrate is io
shaped %fter cogt?r?bl. DI%Sé?efglrler,‘fﬁerggcrae?p r%rr%nig h%% aﬁf&%‘lic:“g'zﬁlﬁiz’)‘?%\ﬁf(')rrb ér&%a?en metaf Sheets.
Further, orange Peersirtaces drewfterdorhed bl powdet tbatiey oceleeapdtatie coating, so

fhere s a good ghaneeattne petiof Al Ripslugion 8his fresmnt Lxananion feind « tiged

as alternative technology in these fields. 31 ._ CLAIMS 1. A pr. :coated sheet excellent in
workability and ReratQY rédistAREE Ehara e having B e3ated FilioritR Anfdd@rmost
surface having a filleredaedtertine bomvaviness:ewvef(WWae)1efk35 ym s_Weae .25 JLa and a
mean gpacing Qflqocal peaks of the filtered centerline waviness curve Kc-sm) of 2600 jtar, <_
,c-sm.<_12500 jtm and by having an interface between an outermost coated film layer and
its lower coated film layer of &WBVE 203t 1TESS tABFEEdABH shblt BREEIRIT i-kibrikasility
and scratch resistandecas setsfosthan ctaigsl,schargetetizedn claim 1, characterized

in that a waviness curve appearing when observing the
interface between the outermost coated film layer and its
15 lower coated film layer in cross-section in a thickness
direction of the coated film satisfies the conditions of:
(1) dincluding large waves defined by having
areas of A<0.8B where the distance between the coated
film outermost surface and the interface waviness curve
20 is "A" and the mean thickness of the outermost coated
film layer is "B" and
(ii) having an average distance between large
waves of 750 pm or less. -
c A precoated sheet excellent in workability and
25 scratch resistance as set forth in claim 1 or 2,
characterized in that the interface between the outermost
coated film layer and its lower coated film layer is a
continuous wave structure surface. '
4. A precoated sheet excellent in workability and
30 scratch resistance as set forth in any one of claims 1 to
3, characterized in that the outermost coated film layer
and its lower coated film layer are of thermosetting
resins of the same color.
< A precoated sheet excellent in workability and
35 scratch resistance as set forth in any one of claims 1 to

4, characterized in that the total thickness of the



in that a waviness curve appearing when observing the interface between the outermost
coated film layer and its 15 lower coated film layer in ca s-section in a thickness direction of
the coated film satisfies the conditions of: (i) including large waves defined by having areas of
A10.83 where the distance between the coated film outermost surface and the interface
waviness curve 2B4§TAChd B9 RRGANTthidknb3y oF tiaButeEmosPEsatedoOfilie fhyBi i:aBo

and (ii) having an ayeragedistance detweert largecwaves £ 450 13t aessnd 4 precqated
sheet excellent i%18vorkability and 25 scratch resistance as set forth in claim 1 or 2,

characterized in that'tfie interface between the outermost coated film layer and its lower _
coated film layer is a céntinucuspwave strectuseserfaee:c41Aqiecoatedshest exaelentin

workability and 3Q. sghateh l&ees%qtgggggg set frih.in4y )ganeb?f g@{:g I{Left?ﬁ 3 8H§él?ﬁézrizecdoin

that the outermost coated film layer and its lower coated film layerare of thermo

resins of the sanme cS1B7 5 A prectated Bhddradxceendinforkapiitand 3nsdmngy and
resistance as setforthtinany onevef elains ktandx eharacterizegh inntbabthedetal thigkpess of
the _ 32 ... outermost epated i iayes and s aues cpatad fin laysr s, i tens of dried
coated film thickness, 5 to 50 }m, 6. A precoated sheet excellentin o‘rfgablﬁty and % scratch
resistance as seEforflihehy drie BPEKLRRS Lt- B, BRdrattarieehintRat hiedpwer esatstfilm
layer add substrite-have vnelrimore eoated ditnas beaveerythesati.ny metbad of preduction

of a precoated sjieet, excellent in, workability and 510%597'[&? rggiittaencgeﬂs_ﬁsnet 10 forth in claim |
characterized by coating a substrate with a coating forming a lower coated]’fﬁ%elayer and a
coating forming &7 dEtethot? EBARY fifh IGYECIH et CAESD f6ih™ écated filf andiet

simultaneously gryimge to form a coated film and simultaneously drying
these coated film layers by heating.

15 85 A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in claim 7 characterized by coating the coating
forming the lower coated film layer and the coating
forming the outermost coated film layer by wet-on-wet

20 coating or simultaneously multilayer coating.

9. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in claim 7 or 8 characterized by drying the coated
film layers by heating by induction heating, electric

25 current heating, or ultrasonic heating.

10. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in any one of claims 7 to 9, characterized in that
the coating forming the outermost coated film layer, when

30- measured for surface tension five times, has a difference
between a maximum value and a minimum value of the
obtained measurement values of 2 mN/m or more.

11. A method of production of a precoated sheet
excellent in workability and scratch resistance as set

35 forth in any one of claims 7 to 10, characterized in that
the coating forming the outermost coated film layer

includes two or more types of surfactants whose surface



these coated film layers by heating. U5 8. A method of production of a precoated sheet
excellent in workability and scratch resistance as set forth in claim 7 characterized by coating
the coating forming the lower coated film layer and thé coating forming the outermost coated
film layer by wet-on-wet 20 coating or simultaneously multilayer coating. 9. A method of
production of a pretsatiussitet f8&kellent in workability and scratch resistance as set forth in

claim 7 or. 8 characterized byrdryiggibe coatgsk-éabydnduction healing: elacttc Jilaxkayers
by heating 25 ¢ ing.. or ultrasonic heating. 10. A method of production of a
precoated sheelg{é%e e%%?n \}v%rlzqa%]fll ?%ﬁglsg atch Tesis é_"r?c(ghasr §e£:l ?orﬁpfﬁeaﬁ&? ong of
claims 7 to 9, cHePadtBrizéd ftha®the ebatidg idrmirg the bltermust eoatedifilnvlajer tivhen

30 measured forsurfacestensionfive.imes, hassa difference pRiwgsn maxipenyalue and
a minimum value of the obtained measurement values of 2 mN/m or mores 11. A method of

production of a PpRLBAMEY Fe&tt exdsierPmtnBkabit ARd¥eFaERPESisErRES Satlms

forth in any one xd glaims{dtorH characterizadinthat th, coating, forming the,outermast
coated film layer includes two or more types of surfactants whose surface ... 33 - tensions

differ. 12. A methBUF profictdniof dpreegstedishdt lerbbIent iR nIPRaBIHE &MY Bcdsich

resistance as setafogth.in any one of claims 7 to 10, characterized in that 5 an absolute value

of a diffgrence between @ surggcrﬁ ten ion f the coating of the outermost coated film layer
and the surface tension ob of the (‘ca':oatc?rlfP o th%r?o%é:?cclooa'?e ?tiln‘%l Igyre?(fg %Aa ? S%eel:

mN/m<(8a-6bjSEHFAMATIR #dhge 220sL WiinetRedof protiuelion ©F hjrebestealssi et
excellent in workahility and scratoh resistariceras-sedr forthiinglaing 12sehargctarizeshy

adjusting at leagi, ane, of he.swiace.tension,of the coaig Of NS, ¢ 5 1y of the
outermost coated film layer and the surface tension of
15 the coating of the lower coated film layer by adding an
additive.

14. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in claim 13, characterized in that the additive is

20 * a surfactant, blending solvent, or leveler.

' 15. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in claim 11 or 13, characterized in that the
coating contains a surfactant in an amount of 0.4 mass$

25 or less.

16. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in any one of claims 7 to 15, characterized by

using an induction heating system to heat the substrate

30 by a heating rate of 1.0°C/sec to 20°C/sec in range so as
to simultaneously dry the coated film layers by heating.
17. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in any one of claims 7 to 16, characterized in that
35 the viscosities of the coating forming the outermost

coated film layer and the coating forming its lower



outermost coated film layer and the surface tension of 15 the coating of the lower coated film
layer by adding an additive, 14. A method of productIi%n of a precoated sheet excellent in
workability and scratch resistance as set forth in clai 13,_ characterized in that the additive is
20 a surfactant, blending solvent, or leveler. 15. A method of production of a precoated sheet
excellent in workabilitg dnd Sératdle vesistance @sXket oforthOintaim. 11 or 13, characterized in
that the coating contains a surfactant in an amount of 0.4 mass% 25 or less. 16. A method of
production of a precoated sheet excellent in workability and scratch resistance as set forth in
any one of claims 7 to 15, characterized by using an induction heating system to heat the
substrate 30 by a heating rate of _.0C/sec, to 20C/sec in range so as to simultaneously dry
the coated film layers by heating. 17. A method of production of a precoated sheet excellent
in workability and scratch resistance as set forth in any one of claims 7 to 16, characterized in
that 35 the viscosities of the coating forming the outermost coated film layer and the coating
forming its lower - 34 - coated -film layer are 0.2 to 1.0 Pas.



