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DESCRÏPTTON

PRECOATED SHEET HAVING GOOD WORKABILITY AND SCRÄTCH

RESISTANCE AND METHOD FOR PRODUCTION THEREOF

TECHNICAL FIBLD

The present invéntion relates to precoated sheets
excellent j-n workabilit,y and scratch resistance. The

precoated sheet of the present invention has a coated
film with an appearance of an orange peel surface
exhibiting waviness of a relief shape and has the
excellent characteristics of resistance to sticking of
dirt even if dirt depos'its on it and muting of any
scratches on the surface. Further, the present invention
relates to a method of production of a precoated sheet
enab]-ing the easy formation of an orange peer-1ike rerief
appearance by the mul-tilayer simultaneous coating method.

The "precoated sheet" referred to here is defined as
a sheet material- comprj-sed of a substrate on at reast one
surface of whi-ch a coated film is formed. As the
substrate, it is possibJ-e to use, in addition to a metal,
paper, wood, plywood, etc., a resin sheet of
polypropylene (PP), polyethylene terephthalate (pET),
etc.

BACKGROUND ARl
One typical example of a precoated sheet, precoated

metal sheet, is being used in a broad range of
applications from buiJ-dings, ships, bridges, and other
Iarge structures to various machinery, automobiles,
furniture, electrical appliances, and other small_er
objects and dail-y necessities.

In general, these metal sheets are coated by so-
call-ed I'post-coating" after being worked and assembled.
With post-coating, since the coated object is three-
dimensional- in shape, spray coating of sol_vent-based
coatings, electrostatic coating of powder coatings, and
other noncontact type coating methods have been used. In
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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 has a coated 10 film with an appearance of an
orange peel surface  exhibiting waviness of a relief 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 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" ofter 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
the fields of housings of home electrical appliances and  office automation equipment, roofs
and walls, indoor  walls, and other building materials, sundry goods, auto  
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the fiel-ds of housings of home el-ectrical- appriances and
office automation equipment, roofs and wal]-s, indoor
wal-l-s, and other building materiars, sundry goods, auto
parts and thelr housings, etc., orange peeJ--1ike coated
film appearances hetping to mask surface defects are
being sought. with spray coating, erectrostatic coating
of powder coatings, and other non-contact coatj-ng
methods, the insufficient leveling of the coatings have
facilitated the formation of a distinctive orange peel
appearance at the coated surface and have enabled the
easy formation of an orange peel surface.

Recently, in the fields of building materiar-s, home
el-ectric appliances, sundry goods, automobiles, etc., the
conventional post-coating method of shaping and
assembl-ing the metal sheets, then coati_ng them has often
been repJ-aced by the precoating method of shaping metal
sheet coated in advance (precoated metal_ sheet,
abbreviated as "PcM"), then joining 1t to form products.
rntroduction of the precoating method has the meri-ts of
enab]-ing eriminatj-on of the coatj_ng process at the demand
side, soJ-ving the problems of poJ-J-ution and environmental-
contamination due to disposal of waste products of
coati-ngs, and enabling the work space previousJ-y used for
coating to be. converted to other applications.

However, in particular in the fierd of precoated
steer sheet, workabirity is strongly required as one of
the product characterísticsr so introduction of orange
peel surface coated film with a solid, thick appearance
has not been easy. The conventional- methods of formation
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 contaj_ning inorganic beads,
(3) the method of utirizíng printing, (4) the method of
using mesh ro1Is, (5) the method of using electrostatic
powder coating, etc.

For example, Jp 4-370164 A describes a method of
using a coating composition containing thermopl-astic
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parts and their housings, etc., orange peel-like coated 5 film appearances helping to mask
surface defects are  being sought. With spray coating, electrostatic coating  of powder
coatings, and other non-contact coating  methods, the insufficient leveling of the coatings
have  facilitated the formation of a distinctive orange peel 10 appearance at the coated
surface and have enabled the  easy formation of an orange peel surface. Recently, in the
fields of building materials, home  electric appliances, sundry goods, automobiles, etc., the
conventional post--coating method of shaping and 25 assembling 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 he 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 (I)  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.  35 powder
coating, etc" For example, JP 4-370164 A describes a method of  using a coating composition
containing thermoplastic -3- resin powder of an average particle size of 10 to 50 um  to obtain
an orange peel surface appearance coated film  (resin bead method). The method of JP
4-370164 A defines  
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resin pov'¡der of an averaçie particte size of 10 to 50 prn

to obtain an orange peel surface appearance coated film
(resin bead method). The method of JP 4-310764 A defines
the difference in soLubility parameter with the vehicl_e
resin and defines the sol-ution viscosity of the resin
powder at 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 resj-n powder melts and flattens to a

certain extent and the vehicle resin cures above it to
form a film and that in such an obtained orange peel
surface coated fi1m, the height of the projecting parts
measured from the lowest coated film surface is 2 to 50

pm or so and the width of one projecting part (size
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 composi-tion
containj-ng a thermosetting resinr ân amino resin with a

l-ower 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 inorgani_c bead method.
This method uses a coatj-ng composition containing glass
beads of sizes of l-ess than 0.3 mm and a col-ored
aggregate of 150 to 200 mesh in a speclfic ratio.

JP 6-206047 A describes a printing method partially
forming three-dimensional patterns of a coated fil-m
thickness of at least 2 pm or tnore by printing, then
forming a topcoat layer over the entire surface.

,JP 2002-36IL64 A discloses a mesh ro11 method of
coating a coating comprised of a coating resin (base
resin) to which an additive having a distinct solubirity
parameter is added using mesh rolls so that the additive
wÍth poor compatibitity with the base resin separates in
the film-forming process to form a cissing-l-ike fancy
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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 to  form a film and that in such an obtained orange peel  surface coated film,
the height of the projecting parts  measured from the lowest coated film surface is 2 to 50  um
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 arm 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 dun 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 -4-  appearance. The conventional method of using a coated film  containing
resin beads has the problems that the  reproducibility of the patterns in the heating process is



4-

appearance.
The conventional method of using a coated fij_m

containing resin beads has the problems that the
reproducibility of the patterns in the heating process is
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) .

The method of using an inorgani-c bead-containing
coating to form the orange peeJ- surface has the problems
of a l-arger amount, of beads exposed at the surface of the
coated film, deterioration of the coated fil-m due to
detachment of the beads, and poor workabil-ity of the
coated fil-m. 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, basícal_l-y the three-
dimensionar patterns are printed, then dried by heating,
then the topcoat J-ayer is formed and dried by heating
again in a "two-coat two-bake method". For this reason,
the coating process becomes troubl_esome and the cost
rises.

In the case of the mesh rol-1 method, it is difficult
to adjust the thickness to a uniform one and therefore
some thin parts are caused, so the precoated metar sheet
has probJ-ems in corrosion resistance.

ïn the electrostatic powder coati-ng method, the line
speed is a small- 10 to 20 m/min¡ so the productivity is
l-ow and the cost ends up becoming high.

DÏSCLOSURE OF. THE ]NVENTION

An object of the present invention is to províde a

precoated metal- sheet and other precoated sheet having an

orange peel like coated appearance and excell_ent in
workability and scratch resistance and a simple method of
production of such a precoated sheet.
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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 surface of the  coated film, deterioration of the coated film due to  detachment of
the beads, and poor workability of the is 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". or 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. The inventors took note of the phenomenon that a  multicoated film layer obtained by
stacking layers formed  from coatings of different properties is disturbed in the  interface
layers of the multicoated film at the time of 5 drying by heating resulting in an uneven flow of
the  
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The inventors took note of the phenomenon that a

multicoated film layer obtained by stacking J-ayers formed
from coatings of different properties is disturbed in the
interface layers of the multicoated fil-m at the time of
drying by heating resulting in an uneven flow of the
coating. Further, the inventors dj_scovered that while
this uneven flow j-s a fine convection phenomenon in the
coated fi-J-m, it j-nduces large changes in the rel_ief
shapes on the Ìevel of several mil_l_imeter on the
outermost surface of the coated f1Im. The inventors
engaged in intensive research and succeeded in forming
orange peel-like smooth relief shapes on the surface of a

coated film by optimizing the surface tensj_ons of the
coatings forming the different layers and the heating
conditions of the coated fil-m and thereby compl_eted the
present inventi-on.

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
between the outermost coated fil-m J_ayer and its l-ower
coated film layer of a substantially or completely
continuous h/ave structure, that is. the interface formed
a substantially or compretely continuous r^¡ave structure
surface, neither the l-ower coated fil-m J_ayer nor the
outermost coated film rayer has any discontinuous parts,
and the entire surface of the substrate is substantiarly
covered by these, so the precoated sheet is al_so

excellent in workability and scratch resistance.
The present invention has as its gíst the following:
(1) A precoated sheet excel_lent in workability and

scratch resistance characterized by having a coated film
with an outermost surface having a fil-tered centerÌine
waviness curve (V{ca) of 0.35 ¡rm <Wca<1.25 pm and a mean

spacing of local peaks of the filtered centerline
waviness curve (Wc-sm) of 2800 pm <V[c-sm<12500 pn and by
having an interface between an outermost coated film
layer and its lower coated film layer of a wave
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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 film by optimizing the surface tensions of the  coatings forming the
different layers and the heating 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 Fun "Wca<1.25 um and a mean  spacing of local peaks of the filtered centerline 35
waviness curve (Wc-sm) of 2800 ym <_Wc-smc12500 ;m and by  having an interface between
an outermost coated film layer and its lower coated film layer of a wave structure.  (2) A
precoated sheet excellent in workability and scratch resistance as set forth in the above (1),
characterized in that a waviness curve appearing when 5 observing the interface between the
outermost coated film  layer and its lower coated film layer in cross-section in  
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structure.
(2) A precoated sheet excellent in workability and

scratch resistance as set forth in the above (1),
characterized in that a waviness curve appearing when

observing the interface between the outermost coated fil.m
J-ayer and its lower coated fil-m layer in cross-section in
a thickness direction of the coated film satisfies the
conditions of:

(i) including J-arge waves defined by having
areas of AS0.88 where the distance between the coated
film outermost surface and the interface waviness curve
is rrArr and the mean thickness of the outermost coated
fil-m layer is trB't and

(ii) having an average distance between large
$¡aves of 750 Fm or less.

(3) A precoated sheet excellent in workability and
scratch resistance as set forth in the above (1) or (2),
characteri-zed in that the interface between the outermost
coated fil-m Iayer and its l-ower coated film layer is a

continuous \^rave 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 fitm layer are of
thermosetting resj-ns 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 ì-ayer and its lower coated film
Iayer 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
layer and substrate have one or more coated films between
them.
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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 pm or less. (3) A precoated sheet excellent 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. (511 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  5Q 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, (7) A method of production of a precoated sheet  excellent in
workability and scratch resistance as set  forth in the above (1) characterized by coating a
substrate with a coating forming a lower coated film  layer and a coating forming an outermost
coated film  layer in a wet state to form a coated film and  simultaneously drying these coated
film layers by  heating. 
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(7) A method of production of a precoated sheet
excel-i-ent in workability and scratch resi-stance as set
forth in the above (1) characterized by coating a
substrate with a coating forming a r-ower coated firm
J-ayer and a coating forming an outermost coated firm
layer in a wet state to form a coated fil-m and
simul-taneously drying these coated fíl-m layers by
heating.

(B) A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in the above (?) characterized by coating the
coating forming the rower coated fir-m layer and the
coating forming the outermost coated film rayer by wet-
on-wet coating or si-murtaneous murtiÌayer coating.

(9) A method of production of a precoated sheet
excefl-ent in workability and scratch resistance as set
forth in the above (7) or (B) characteri-zed by drying the
coated fiLm tayers by heating by induction heating,
el-ectric current heating, or ur-trasonic heating.

(10) A method of production of a precoated sheet
excel-lent in workabil-ity and scratch resistance as set
forth in any one of the above (7) to (g), characterized
in that the coatlng forming the outermost coated firm
Iayer, when measured for surface tensíon 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
excel lent in workability and scratch resistance as set
forth in any one of the above (7) to (10), characterized
in that the coating forming the outermost coated film
J-ayer incl-udes two or more types of surfactants whose
surface tensions differ.

(Lz¡ A method of production of a precoated sheet
excel-rent in workability and scratch resistance as set
forth in any one of the above (7) to (10), characterized
in that an absor-ute value of a difference between a
surface tension ôa of the coating of the outermost coated
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(8) A method of production of a precoated sheet  10 excellent in workability and scratch
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--
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)
(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 an 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 y and scratch resistance as set  35
forth in any one of the above (7) to (10), characterized  in that an absolute value a difference
between a  surface tension oa of the coating of the outermost coated film layer and a surface
tension 8b of the coating of the  lower coated film layer is 0.1 mDi,/m<~ea Sb~ 5.0 mNJm in
range. (13) A method of production of a precoated sheet  5 excellent. in workability and
scratch resistance as set  forth in the above (11); characterized by adjusting at  least one of
the surface tension of the coating of the  outermost coated film layer and the surface tension
of  
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fil-m layer and a surface tension ôb of the coating of the
lower coated film layer is O.1mN/rnSlõa-ôbl<5.0 mN/m in
range.

(13) A method of production of a precoated sheet
excerl-ent in workabilit.y and scratch resistance as set
forth in the above (11), characterized by adjusting at
l-east one of the surface tension of the coating of the
outermost coated film layer and the surface tensj_on of
the coating of the l-ower 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 i-n the above (13), characterized in that the
additive is a surfactant, brending sorvent, or Leveler.

(15) A method of production of a precoated sheet
excel-lent in workabitity 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
masså or fess.

(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. OoC/sec to 2OoC,/sec in
range so as to sj-murtaneously dry the coated film layers
by heating.

(17) A method of producti-on of a precoated sheet
excellent in workability and scratch resistance as set
fort.h in any one of the above (7) to (16), characterj_zed
in that the viscosities of the coating forming the
outermost coated film J-ayer and the coating forming its
lower coated fil_m l-ayer are 0.2 to 1.0 pa.s.
. The precoated sheet of the present invention

exhibits excell-ent characteristics of scratch resistance
and workability and al-so exhibits an orange peer-Iike
sorid aesthetic appearance. Further, since the coated
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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 set  forth in the above (11) or (1 s) , 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 1.0C/sec to 2.CC?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-a. 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 - 9 film
does not contain any beads or other dispersed  matter, it exhibits extremely good workability,
in  particular, application of it to precoated steel sheet  etc. is easy. According to the method
of production of the present  invention, the coating line is improved in productivity  (the line
speed is faster, the coated films can be formed  by two-coating and one-baking step, and no
baking step of  the lower coated film layer is required), and the range 
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film does not contain any beads or other dispersed
matter, it exhibits extremely good workability. In
particuÌar, application of it to precoated steel_ sheet
etc. is easy.

According to the method of production of the present
invention, the coating l-ine is improved in productivity
(the line speed is faster, the coated films can be formed
by two-coating and one-baking step, and no baking step of
the lower coated filrn layer is required), and the range
of seÌection 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 l-ots, since coatj_ngs not
containing any beads or other sol_id matter are used, the
coaters can be easily cJ_eaned, the idJ_ing time due to the
work of changi-ng the coatings is shorter, and there is
also fess work trouble.

BRIEF DESCRIPTION OF THE DRAVüINGS

FIG. 1 is a view for schematicall_y ill_ustrating the
precoated sheet of the present inventi-on.

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

FIG. 3 is a view for schematically illustrating a

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

FfG. 4 is a view for iIÌustrating the
characteristics of the $ravy interface of the outermost
coated film layer and its lower coated film layer of the
precoated sheet of the present invention.

BEST MODE FOR CARRYING OUT THE TNVENTION

As shown in the'scheinatíc view of FIG. I, the
precoated sheet of the present invention 10 has ã

substrate 1 and a multicoated film l_ayer 7 comprised of a

continuous l-ower coated fil-m J-ayer 3 formed on the
substrate 1 and a continuous outermost coated film layer
5 formed over it. In FIG. I, to facil_itate viewing of the
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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, and there is  also less work trouble. BRIEF DESCRIPTEON 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 a  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  5 formed over it. In FIG. 1,
to facilitate viewing of the -10- structure of the coated film, the view is greatly  enlarged in the
thickness direction of the coated film  layers 3, 5 (direction perpendicular to plane of  substrate
1with respect to the planar direction of the 5 substrate 1. Observing the enlarged
cross--section of the  actual coated film of the precoated sheet of the present  invention, the
result becomes as shown schematically in  FIG. 2. In this figure, the outermost coated film
layer 5  appears almost smooth, but in fact has an orange peel. 
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structure of the coated fil-m, the vi-ew is greatly
enlarged in the thickness direction of the coated film
layers 3, 5 (direction perpendicular to plane of
substrate 1) with respect to the planar direction of the
substrate 1. Observing the enlarged cross-section of the
actual coated film of the precoated sheet of the present
j-nvention, the result becomes as shown schematicaJ-J-y in
FIG. 2. In this figure, the outermost coated film layer 5

appears al-most smooth, but in fact has an orange peel
surface.

FIG. 3 is a schematic view of a conventional orange
peeJ- surface precoated sheet produced using a coating
containing resj-n beads. In the illustrated precoated
sheet 100, the coated film 103 formed on the substrate
101 has resin beads 105 dispersed in it. fn this wây, in
a conventionaf orange peeJ- 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 J-arger
particles, these wi1Ì still- be dispersed. Therefore,
these will not form a continuous coated fiIm.

As opposed to this, âs shown in FIGS. 1 and 2, in
the orange peel- surface precoated sheet of the present
invention, the interface between the l-ower coated film
layer and outermost coated film layer is disturbed by the
turbul-ence caused at the time of drying the coated film
by heating, but substantially or substantively the
continuity is maj-ntained.

fn the case of the prior art using resin beads, the
thermosetting binder has thermoplastic resin beads mixed
into it, so the affinity between t.he two resins is low
(si-nce rather the two not dissolving in each other is
sought) and the coated film is easiÌy given defects when

working the precoated sheet.
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/Iower layers. If
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10 surface. FIG. 3 is a schematic view of a conventional orange  peel surface precoated sheet
produced using a coating  containing resin beads. In the 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 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 adjusting the surface
tensions of the two to be  different, they may even be exactly the same resin.  Therefore, it. is
possible for the upper/lower coated film  layers to have mutual adhesion close to that of a
single layer. Further, since these are simultaneously dried, in  the present invention, it is
believed that the cross-- linkability between the upper/lower resins also becomes  higher, 'The
substrate used in the present invention is not  10 particularly limited. }:t is possible to use a
sheet made  
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adjusting the surface tensj-ons of the two to be
different, they may even be exactly the same resj_n.
Therefore, it is possible for the upper/J-ower coated film
rayers to have mutual adhesion cl-ose to that of a single
Iayer. Further, since these are simultaneously dried, in
the present inventj-on, it is believed that the cross-
linkabil-ity between the upper/lower resins also becomes
higher.

The substrate used in the present j_nventlon is not
particulari-y limited. rt is posslble to use a sheet made

of a metal, paper, wood, plywood, etc. or al-so a
polypropylene (PP), polyethylene terephthal_ate (pET), or
other resin etc.

As a metal sheet, for example, a steel_ sheet,
al-uminum sheet, stainÌess steel sheet, titanium sheet,
copper sheet, etc. may be mentioned. Among theser âs
example of steel sheets. cold ro11ed steel sheet, hot
rol-l-ed steel sheet, gal_vanized steel- sheet, aJ-J_oyed

gaJ-vanneal-ed steel- sheet , zinc-Lron all-oy plated steel_
sheet, zinc-al-uminum alloy plated steel_ sheet, al-uminum
plated steel sheet, chrome plated steeL sheet, nickel
pJ-ated steel sheet, zínc-nickel alJ-oy plated steer sheet,
tin plated steel sheet, etc. may be mentioned.

The metal- sheet ftây, as necessary, be pretreated.
such pretreatment includes cord water washing, hot water
washing, pickling, alkali degreasj_ng, grinding,
polishing, chromate treatment, zinc phosphate treatment,
composite oxide film treatment, or other nonchromate type
treatment, etc. These may be used al-one or combined for
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 fílm layer and outermost coated firm rayer
(upper coated film layer) ) are required to exhibit
workability, hardness, stain resistance, chemj_cal
resistance, and numerous other performance, so as the
types of the main resins used for the coatings used to
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of a metal, paper, wood, plywood, etc, or also a polypropylene (PP), polyethylene
terephthalate (PET), or  other resin etc. As a metal sheet, her example, a steel sheet, 15
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  galvannealedsteel sheet, zinc-iron alloy plated steel. 20
sheet, zinc-aluminum alloy plated steel sheet, aluminum  plated steel sheet, chrome platted
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 form the
coated film layers, a polyester resin, acryl  resin, urethane resin, vinyl chloride resin,
fluororesin,  etc. are suitable. The combination of the resins of the  upper/lower layers may be
suitably selected in accordance 5 with the objective. In particular; a polyester resin is  most
suitable since it is superior in workability and  well balanced with hardness, stain resistance,
and other  performance. As the cross-linking agents used in the coatings, a  10 melamine
resin, an amino resin such as a benzoguanamine  resin, or an isocyanate resin is superior in
balance of  
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form the coated film layers, a poJ-yester resin, acryl
resin, urethane resin, vinyJ- chroride resin, fluororesin,
etc. are suitabre. The combination of the resins of the
upper,/lower layerg may be suitably selected in accordance
with the objective. rn particuJ-ar, a polyester resin is
most suitable si-nce it is superior in workabirity and
wel-l bal-anced with hardness, stain resistance, and other
performance.

As the cross-rinking agents used in the coatings, a

melamine resin, an amino resin such as a benzoguanamine
resinr or an isocyanate resin is superior in bal-ance of
workability and other performance.

The solvents used in the coatings are not
particularly limited. Any solvents may be used. The types
of the solvents are preferabty serected in a range not
obstructing the dissol-ution of the resins. Further, their
types and amounts may be sel_ected considering the
viscosities and coating work efficj-ency at the time of
coating.

The upper/lower J-ayer coatings may have any colors.
rn some cases, coloring agents may be used to col-or them.
Further, the upper/rower layer coatings may be the same
in color or different in color. When making the
upper/rower layers the same color, coatings are used. so
that the coror difference of the coated films when
forming a single layer by the thicknesses of the
upper,/lower layers becomes a color dif ference of 1.0 or
less as defined by the JIS Z g130-6.1.

rf making the totar thickness after drying of the
upper/J-ower coated fil-m layers 5 Fm or more, formation of
an orange peel surface is easy. More preferably, the
tot.al thickness after drying is made g pm or more. The
upper rimit of the total thickness after drying is not
particularly rimited, but if the thickness becomes too
great, the drying takes timer so from the viewpoints of
economy and productivity, 50 pm or less is preferabre.
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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 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 Z
8730-6,1. If making the total thickness after drying of the 30 upper/lower coated film layers 5
pm or more, formation of  an orange peel surface is easy. More preferably, the  total thickness
after drying is made B pm 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 lire. or less is preferable. 13 . In accordance
with need, it is possible to coat  another coating to the meta! sheet and cure and dry it to  form
an additional coated film, then form the lower  coated film layer and outermost coated film
layer of the S present invention. The type of the coating for the  additional coated film is not
particularly limited, but a  polyester resin--based one, epoxy resin-based one,  urethane
resin--based one, acryl resin-based one, etc, may  he mentioned, The selected coating is
coated by a roll i0 coater, curtain flow coater, roller curtain coater,  electrostatic coater, brush,
blade coater, die coater,  etc. to give the necessary thickness, then is cured and  
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In accordance with need, it is possible to coat
another coating to the metal sheet and cure and dry it to
form an additional- coated fiJ-m, then forrn the lower
coated firm layer and outermost coated firm layer of the
present invention. The type of the coating for the
additional coated fitm is not particuJ-arly limited, but a
polyester resin-based one, epoxy resj_n-based one,
urethane resin-based one, acryJ- resin-based one, etc. may
be mentioned- The selected coating is coated by a rorr
coater, curtain flow coater, rorler curtain coater,
electrostatic coater, brush, blade coater, die coater,
etc- to give the necessary thickness, then is cured and
dried by all-owing it to stand at ordinary temperature or
by a hot air oven, induction heating oven, near infrared
ray oven, far infrared ray oven, energy beam curing oven,
etc. so as to obtain the additionar- coated film layer.

The additional_ coated film frây, as needed, have a
known plgment or additive added to it. rt may have any
thickness, but in a precoated metal sheet, 1 to 30 pm.or
so, in particular 3 to !2 l¡n in terms of dry thickness is
generaÌ - The drying conditi-ons may be suitabry sel_ected
in accordance with the type of the coating and the
performance desired to be obtained, but a hot aír oven or
induc.tion heating oven, near infrared ray oven, etc. with
a maximum peak metar temperature of 150 to 24ooc and a
peaking time of 10 to 200 seconds or so are generar. The'
additional coated fil-m rayer may be omitted, may be a

single layer, or may be a multilayer.
The precoated sheet of the present invention must

have a coated fil-m with an outermost surface having a

filtered centerline waviness curve (I¡üca) of 0.35 pm

swca<1-25 pm and a mean spacing of local peaks of the
filtered centerl-ine waviness curve (wc-sm) of 2g0o pm

(Vùc-sm <12500 Frn. If Wca Ís smaller than 0.35 pm, the
coated film becomes strongry smooth in feering and,
regardless of the vlc-sm, the orange peer feeling wirr be
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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, energy 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  20 so, in particular 3 to 1.2 Sam 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 210C 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 centerline
waviness curve (Wca) of 0.35 yra < Wca51.25 ~.ra and a mean spacing of local peaks of the
filtered centerline waviness curve (Wc--sm) of 2800 lam  <_cn.c-sm 112500 pum. If Wca is
smaller than 0.35 tam, the 35 coated film becomes strongly smooth in feeling and,  regardless
of the Wc-sm, the orange peel feeling will be -- 14  lost. On the other hand, if Wca is larger
than 1.25 n,  the film becomes strongly rough and the smooth impression  is lost. If We-sm is
smaller than 2800 um, the orange  peel feeling becomes too strong, while if becoming larger 5
than 12500 gm, the orange peel feeling is lost. The "filtered centerline waviness curve (Wca)"
is  the value defined by the following equation when  eliminating the short wavelength surface
roughness  components from the cross-sectional curve, sampling fro= 10 the obtained curve a
part of the measurement length L in  the centerline direction, and designating the centerline
of the sampled part as the X-axis and the vertical  magnification rate direction as the 2-axis
and defining  
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l-ost. On the other hand, if Wca is larger than 1.25 ¡rm,

the fil¡n becomes strongly rough and the smooth impression

is lost. If Wc-sm is smaller than 2800 lm, the orange
peel feeling becomes too strong, whil-e if becoming larger
than 12500 Fm¿ the orange peeJ- feeling is Lost.

The "filtered centerline waviness curve (Vüca) " is
the value defined by the fol-l-owing equation when

eliminating the short wavelength surface roughness
components from the cross-sectional curve, sampling from
the obtained curve a part of the measurement length L in
the centerlj-ne direction, and designating the centerline
of the sampJ-ed part as the X-axis and the verticaL
magnification rate direction as the Z-axis and defining
z:f (x) ,

10

15

lY'ca: i( tu,*

20

The short wavelength surface roughness components are

those of l-ess than B0 Fm (cutoff value B0 pm) .

The "mean spacing of l-oca1 peaks of the filtered
centerline waviness curve (Wc-sm) " j-s the value defined
by the following equation when eliminating from the
cross-sectj-ona1 curve the short wavelength surface
roughness components using an 80 pm cutoff vaÌue,
sampling from the obtained curve (filtered centerline
waviness curve) a certaín measurement length L,
designating the space from a crossing point cutting
across the mean line from a peak to a valley
(intersection r^rith mean line) to a crossing point from
the next peak to valley as Smi and setting the total
number of spacings as N:

25

(tt*)

30

wc- snt= 1$ uu,
N u,=, '

(pm)

- -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 using an 80 pm cutoff value, 25 sampling from the obtained curve (filtered
centerline  waviness curve) a certain measurement length L,  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: I R FTTG __ 5173 ~:: ...n._ : In (Lap)  fY i=1 -15- The filtered centerline
waviness curve (Wca) and the mean spacing of local peaks of the filtered centerline  waviness
curve Wc-sm) were measured by measuring samples  of any five locations and finding their
averages. 5 In the precoated sheet of the present invention, the  shape of the interface
between the outermost coated film  layer and its lower coated film layer is important. To  form
the targeted orange peel surface, the shape of the  interface has to be suitably controlled and
the interface 10 has to be given a wave structure. Specifically, as shown in FIG, 4, when the
waviness  curve c appearing when observing the wavy interface  between 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.'',  
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The fil-tered centerl-ine waviness curve (V[ca) and the
mean spacing of l-ocal- peaks of the fiÌtered centerl_ine
waviness curve (wc-sm) were measured. by measuring samples
of any five l-ocations and finding their averages.

fn the precoated sheet of the present invention, the
shape of the interface between the outermost coated firm
layer and its l-ower coated film layer is important. To

form the targeted orange peeJ_ surface, the shape of the
interface has to be suitabty controlled and the interface
has to be given a wave structure.

Specifically, as shown in FIG. 4, when the waviness
curve W appearing when observing the wavy interface
between the outermost coated film J-ayer 43 and its lower
coated film layer 41 by the cross-section in the
thickness direction of the coated fil-m satisfies the
conditions:

(1) including l-arge h¡aves defined by having areas c
of A<0.88 (in the figure, area shown by hatching) where
the distance between the coated fil-m outermost surface s

and the interface waviness curve W is rrArr and the mean

thickness of the outermost coated film layer 43 is ,,8.

and
(21 having an average distance between Iarge hraves

(corresponding to distance between points of maximum

heights of adjoining large waves, shown in the figure by

Xr and Xz) of 750 pm or less,
a good orange peel surface is formed. If no large waves

are observed in the cross-section of the coated fi1m,
formation of a good orange peel surface is doubtful. If
the average distance between large waves exceeds ?50 pfr,

the convection phenomenon of the coating inside the
coated fil-m at the time of heating and drying quiets down

and the orange peel surface becomes unclear.
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Irühether or not the waviness curve of the cross-
35 section of the interface satisfies the above conditions

can be judged as follows:

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 waviness curve 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  (corresponding to distance between points of maximum 25 heights of
adjoining large waves, shown in the figure by  No and X2) of 750 p.m 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: -- 16  (a) First, five 3 mm long samples are taken
from any  five locations on the precoated sheet. (h) The cross-sections of the individual
samples are  examined and the following procedure is used to calculate  8 the average
distance between large waves. (1) The average thickness B of the outermost  coated filly
layer is measured and 0.8B is calculated, As  the average thickness, the value calculated from
the  weight of the coated film per unit area of 1 mz and the 1g density of the coated film is
employed. (2) The distance A between the outermost  surface of the coated film and the
waviness curve of the  interface and the 0.8B are compared to determine the  large wave
areas. 15 (3) Among the large wave areas, one point  closest to the outermost layer of the
coated film is  selected. The distances XI, X2,  between adjoining large waves starting from
that point are measured. 
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(a) First, five 3 mm long samples are taken from any
five locations on the precoated sheet.

(b) The cross-sections of the individual samples are
examined and the folrowing procedure is used to calculate
the average distance between J-arge waves.

(1) The average thickness B of the outermost
coated film rayer is measured and 0.88 is cal-culated. As

the average thickness, the value cal-culated from the
weight of the coated film per unit area of 1 m2 and the
density of the coated film is empJ_oyed.

(2) The distance A between the outermost
surface of the coated film and the waviness curve of the
interface and the 0. BB are compared to determine the
J-arge wave areas.

(3) Among the J_arge \^/ave areas/ one point
cl-osest to the outermost ì_ayer of the coated fil_m is
selected. The distances Xr, Xz, between adjoining l_arge
hraves starting from that point are measured.

(4) The average val-ue of the distance between
the large \^¡aves is found for each sampJ-e.

(5) The average of the dlstance between large
'hraves for alÌ of the sampì_es is used as the average
distance between large waves of the precoated sheet.

The mechanism behind the formatj-on of the orange
peel surface in the present, j_nventj-on 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
surface tension parts, the coated fitm is pu1Ìed in
iesulting in the formation of relief shapes. vnlhen rerief
shapes are formed, a difference arises in the rate of
vol-atil-izatj-on of the solvent depending on the l-ocation
on the surface. Due to this, a temperature difference is
also caused. Therefore, convection occurs-at the coated
film. Due to this convection, a difference in the
concentration of the sol_vent occurs depending on the
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(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; Luring 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. Du_: to this convection, a
difference in the  concentration of the solvent occurs depending on the location in the coated
film. Due to this, a difference in  the surface tension occurs. Due to this difference in  surface
tension; further relief shapes are caused, Due to  the combination of these phenomena, an
orange peel 5 surface is formed. In the method of production of an orange peel.  surface
precoated sheet of the present invention, it is  essential to form at least upper and lower, that
is, two,  coating film layers in the wet state and simultaneously 10 dry them by heating. The
method for coating the coating  for forming the coated film layers may be a wet-on-wet
method using a curtain coater or a roll coater or a  multilayer simultaneous coating method
using a slide  curtain Coate::. 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 
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l-ocation in the coated fil-m. Due to this, a difference in
the surface tension occurs. Due to this difference i-n
surface tension, further relief shapes are caused. Due to
the combination of these phenomena, an orange peel
surface is formed.

In the method of production of an orange peel
surface precoated sheet of the present invention, it is
essential to form at least upper and lower, that is, two,
coating film Ìayers in the wet state and simurtaneously
dry them by heating. The method for coating the coating
for forming the coated film layers may be a wet-on-wet
method using a curtain coater or a rol-l- coater or a

murti-layer simul-taneous coating method using a sride
curtain coater. The latter is more preferabJ_e.

In the method of the present invention, it is
possible to mix into the coating forming the outermost
coated film Ìayer 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
it is believed that surfactants whose surface tensi_ons
differ cause a difference in the rate of volatil_ization
of the sol-vent on the surface of the coated fil_m and
thereby induce the above-mentioned fine convection
phenomenon.

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 agent.s, dispersion
agents, ì-ubri-cants, foam agents, and other various types
i-n accordance with various objectives. Any of these may
be used. The concentration of the surfactant in the
coating is preferably 0.4 mass? or l_ess. If over 0.4
mass%, the work efficiency at the time of coating becomes
poor- For exampJ-e, when appJ-ying the coating by curtain
coating, the stability of the curtain is easiJ-y
disturbed, while when rol-l- coating, apart from the orange
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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 coated film and  thereby induce the
above-mentioned fine convection  phetnomenon. 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 1s  peel surface, ribbing (stripe shaped patterns running  substantially parallel
to the coating direction, see  journal of the Japan Society of Colour materials, Vol,  1=, ~ no.
9, p. 461) and other defects easily become noticeable,  It is also possible to change the type
of the  solvent used in the coating to adjust the surface  tension. For example, N-methyl
pyrrolidone exhibits a  high surface tension of about 42 niH/r, while ethoxyethyl 10 propionate
exhibits a surface tension of about 27 mN/m,  and xylene one of about 32 me/In. It is also
possible to use as the coating forming  the outermost coated film layer a coating with a
surface  tension, when measured five times, with a difference in IS maximum value and
minimum value of 2 mN,h1 or more so 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  
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peel- surface, ribbing (stripe shaped patterns running
substantially paraller to the coating direction, see
JournaL of the Japan society of coLour MateriaTs, vol_.
13, no. 9, p. 461) and other defects easily become
noticeable.

It is also possible to change the type of the
sol-vent used in the coating to adjust the surface
tension- For examp]-e, N-methyJ- pyrrolidone exhibits a

high surface tension of about 42 mN/m, while ethoxyethyl
propionate exhibits a surface tension of about zi mN/m,

and xylene one of about 32 mN/m.

It is a-l-so possible to use as the coating forming
the outermost coated fíl-m layer a coating wi-th a surface
tension, when measured five times, with a difference in
maximum value and minimum val-ue of 2 mN/m or more so as
to obtain a good orange peel surface. The reason for this
is not c.l-ear, but for example is believed to be as
fol-l-ows:

i¡ühen the surface tension is measured a plural-ity of
times, the phenomenon of its val-ue greatJ-y fJ-uctuating
indicates that microscope unevenness is occurrinç¡ in the
surface tension in the coating. rf microscopj-c unevenness
occurs in the surface tension in the coating forming the
outermost coated film layer, it is berieved that this
triggers a fine convection phenomenon as explained above
in the outermost coated film rayer i-n the drying process
and l-eads to a good orange peer surface being formed.

For a good orange peel surface to be formed, it is
preferable that the surface tension be continuously
measured five times and that the difference between the
maximum varue and minimum val-ue of the same be 2 mN/m or
more. If l-ess than 2 mN/m, a good orange peel surface
cannot be obtained in some cases. The upper l-imit of the
difference of the maximum varue and minimum value of the
surface tension is not particurarry rimited, but if over
10 mN/m, t.here is a good chance that the coating wilr not
be sufficiently stirred, so 10 mN/m or less is
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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 between the
maximum value and minimum value of the same be 2 mN/r:, or  more, if less than 2 Mm, 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 -19- preferable. For the coating surface tension, the
value of  the static surface tension obtained at 20C by a platinum  ring pullup method may be
used. In the present invention, it is also possible to  5 control the outermost coated film: layer
and the lower  coated film layer in coating surface tension so as to  form the orange peel
surface. For the orange peel surface  to be formed, it is important that the absolute value of
the difference of the surface tension Sa of the coating of 10 the outermost coated film layer
and the surface tension 8b  of the coating of the lower coated film layer be 02 ,N
/r:2~ISa-SLE!5 0 mN/m in range. If the surface tension  difference is less than 0.1 mN/rn,
even if a convection  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 they other hand, if over 5.0 ir.N,/m,  the large difference in surface
tension of the  upper/lower layers will cause the interface of the 
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preferabre. For the coating surface tension, the value of
the static surface tension obtained at 2Ooc by a pratinum
ring pullup method may be used.

In the present invention, it is al-so possible to
control- the outermost coated film layer and the l-ovrer
coated film layer in coating surface tension so as to
form the orange peel surface. For the orange peel surface
to be formed, it is important that the absorute varue of
the difference of the surface tension ôa of the coating of
the outermost coated fitm layer and the surface tension ôb

of the coating of the lower coated film layer be 0.1
mN/m< lôa-ôb l<5. 0 mN/m j-n range. If the surface tension
difference is l-ess than 0.1 mN/m, even if a convection
phenomenon occurs in the coated. film, unevenness of the
surface tension of the surface of the coated fil-m wirl be
hard to cause and an orange peel_ surface wil-l- be
dif f icul-t to form. On the other hand , if over 5. 0 mN/m,

the large difference in surface tension of the
upper/lower l-ayers will cause the interface of the
outermost coated fil-m layer and the rower coated film
layer to conversely stabiì_ize, convection through the
upper/Iower ì-ayer will be suppressed, and an orange peeJ_

surface will be hard to form.
In the present invention, during curing of the

coating resin by the heating and drying of the coated
fiJ-m, 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/Iower layers of a
r,^rave 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,/rower rayer surface tensions must be maintained in
the above range.

As the method for adjusting the surface tension of
the coating to the above range, a method of changing the
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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 20 - types of the additives for the
coating (for example, the  leveler, surfactant, etc.) or their amounts of addition,  a method of
changing the type and amount of the solvent,  etc. are possible. For example, when adding a
surfactant  ':, in the coating to adjust the surface tension, the concentration of the surfactant in
the coating is  preferably, as explained above, 0.4 mass% or less.  The upper/lower layer
coatings become less of  obstacles to flow the lower they are in viscosity, so an 10 orange
peel surface becomes easier to form. The viscosity  of the coating is adjusted to 0.2 to i.0 Pas
in range,  preferably 0.5 to 1.0 Pas in range. The viscosity of the  coating can be adjusted by
changing the amount of the  solvent or the type of the solvent in the coating. is 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 cowing conditions  explained above, another important
factor in formation of  an orange peel surface is the heating and drying 20 conditions of the
coated film, 
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types of the additives for the coating (for example, the
l-evel-er, surfactant, etc. ) or their amounts of addition,
a method of changing the type and amount of the solvent,
etc. are possible. For example, when adding a surfactant
in the coating to adjust the surface tension, the
concentration of the surfactant in the coating is
preferabLy, as explained above, 0.4 mass? or less.

The upper/Iower layer coatings become less of
obstacles to fÌow the lower they are in vj_scosity, so an
orange peer surface becomes easier to form. The viscosity
of the coating is adjusted to 0.2 to 1.0 pa.s in range,
preferably 0.5 to 1.0 Pa's in range. The viscosity of the
coating can be adjusted by changing the amount of the
solvent or the type of the sol_vent in the coating.
Further, a thickener or other additive may be used to
adjust the viscosity. A known method may be used-

fn addition to adjustment of the coating conditions
explained above, another i-mportant factor in formation of
an orange peel surface is the heating and drying
conditions of the coated film.

In the present invention, the heating method is not
particularJ-y limited. fnfrared radiation, hot air,
ul-trasonic heating, induction heating, etc. may be
suitabJ-y serected in accordance with the final- product.

However, in the phenomenon of convection j_n the
coating in the coated film, heating from the substrate
side is advantageous for improving the production
efficiency. Even if heating from the surface of the
coated film, while the convection phenomenon can be
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
heatJ-ng, electric current heating, ultrasonj_c heating, or
another means for heating and drying from the inside
surface of the coated film (substrate side) is
preferable. By rapid heating from the substrate side, âD

orange peel surface becomes easier to form.
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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, hearing from the substrate  side is advantageous for improving 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, 21  The heating rate of the
metal substrate is not  particularly limited, but in general one of 1 to 20 C/sec  xn range is
suitable. if less than !'C/sec, the  productivity falls, so this is not preferred, while if 5 larger than
20C/sec, the problem of popping occurs.  Next, examples will be used to further explain the
present invention. However, the present invention is not  limited to the following examples
needless to say. Example 1 10 Steel sheets plated with zinc to 60 g/m2 were
nonchromate-treated (Nihon Parkerizing CTE236) as coating  priming to prepare substrates.
These substrates were formed with the coated films  A--1 to R.--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 1.0 pm and lower coated film layers of dry  average
thicknesses of 12 um. The upper coated film 20 layers were formed using coatings having the
polyester- 
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The heating rate of the met.al substrate is not
particularly limited, but in general one of 1 to 2OoC/sec

in range is suitable. If l-ess than loC/sec, the
productivity falls, so this is not preferred, while if
larger than 2O"C/sec, the problem of popping occurs..

Next, examples wilL be used to further explain the
present invention. However, the present invention is not
Iimited to the following examples needl_ess to say.

Example 1

Steel- sheets plated with zinc to 60 g/m2 were
nonchromate-treated (Nihon ParkerizLng crÛ236) as coating
priming to prepare substrates.

These substrates hrere formed with the coated films
A-1 to A-21 of the present invention shown in Tabl_e 1 and
Tabl-e 2 (among these, the coated films A-11 to A-14 being
reference exampì-e) . These coated films \^/ere comprised of
outermost (upper) coated film ì_ayers of dry average
thicknesses of 10 ¡rm and lower coated fil-m 1ayers of dry
average thicknesses of 12 pm. The upper coated fiLm
J-ayers \^/ere formed using coatings having the polyester-
based resin FLC7000 (made by Japan Fine Coatings, beige
color) as a main resin, while the l-ower coated fil_m
layers h/ere formed using coatings having a polyester-
based resin (made by Japan Fine Coatings, beige color,
resin glass transition point of l2"C) as a main resin, by
the wet-on-wet method usi-ng a curtain coater or the
simultaneous mul-tilayer coating method using a slide
hopper type curtain coating system. Note that the resuLts
were the same no matter what the coating method.

The upper/lower layer coatings h¡ere mixed with
various additives to change their surface tensj_ons. The

additives used hrere as follows:
Polyflow S: Kusumoto Chemicals surfactant

- non-Si-based level-er (S) : Kusumoto Chemicals
surfactant

BYK-141: Si-based defoam agent made by ByK
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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 12C) 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 -- 22  - BYK-080: Si-based
defoam agent made by BYK  - BYK--06 5: Si-based defoam agent made by BYK -- BYK-057:
non-Si-based defoam agent made by BYK  - EYK-05S: non-Si-based defoam agent made by
DYK  - BYK-053: non-Si-based defoara agent made by BYK BYK-07 7 : non--Si-based detoai:
agent made by BYK  - Si-based leveler: Si-based leveler made by BYK  The upper coated film
layers, unless otherwise indicated, had 0.2 mass% of Polyflow S added to them,  i0 while the
lower coated film layers had the amounts of  additives shown in Table I 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 15 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 2304, and a drying time of 70 seconds, 
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BYK-080: Si-based defoam agent made by ByK

BYK-065: Si-based defoam agent made by ByK

BYK-057: non-Si-based defoam agent made by ByK

BYK-055: non-Si-based defoam agent made by ByK

BYK-O53: non-Si-based defoam agent made by ByK

BYK-077: non-Si-based defoam agent made by ByK

Sj--based l-eveler: Si-based leveler made by ByK
The upper coated film J_ayers, unless otherwise

indj-cated, had 0.2 masså of polyfl_ow S added to them,
whiÌe the lower coated filn layers had the amounts of
additíves shown in Table 1 and Table 2 added to them.

The upper J-ayer coatings and the lower l-ayer
coatings \'\¡ere made the same in resins, cross-linking
agents, and pigment ingredients. Unless otherwise
J-ndicated, as the solvent, xylene/Sorbesso 150 (1,/1 mass
ratio) was used. rn the A-13 to A-16 lower coated firm
layers, the surface tensions r¡rere changed, without adding
any additives, by changing the types of the sorvent. The
heating and drying conditions of the coated fil-m layers
j-n a hot air oven were a maximum peak meta] temperature
of 230"C, and a drying time of 70 seconds.

The surface tensions of the coatings and the
absolute varues of the differences in surfaces tensions
of the upper layer and lower rayer coatings are shown
together with the presence of formati-on 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 peer surface as ''c') in Table 1 and
Tabl-e 2.
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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. 23 - Table 1 AniC:UR'L . Upper ~ L,ow.,r   added Orange  layer
l~.yc:z Upper/lower coated film to coating coating tea- surface  urf ,ce  layer constitution lower
surface ;,Mace fibE CoatedE coated t film av r eta io n Eifib- tca.-- :Lower coated film -layer
film layer r; '_d!m ;n7:dJ:w mtd Im .  iv additive  ad9itiv i..  naa -Si-Lased A 7 Polyflow S 0.2
3.0 31,7 0i 3  S) leveler Y A-2 Fce3.yz7_cw---- 9 bYK-141 0.2 32.0 3175 i._._0.5....E.-._-_-----
k_:3 Po yflcwS BYI 147 0.4 32.0 30.3 1.7 A  A-4 Fo~yf7 ow S L3K G0 0 `L 32.0 77.1 0.1 A
A-a Polyflow 5 BY,. 01a fi 4 32.0 ! 91 0 1.0. .n.  A-6 Pol?S o*h .BYK 057 o x2.0 3271 00
A-?~oltilaw J..... r~~' 057 E 3z.0 E 32,1 O.l _.~~... .40 iPo1y_`1111 h 3tK 05.5 -E- Y9 .jt 3 5
0.5 A ...  c Polyflcw S BYK 053 C. -0 32.0 30.. .__...~,,..,...... 1.3 --- --------------- 
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Tabl-e I

A-1

A-2
A-3

Polyflow S

A-4

Amount
added

to
l-ower
coated
film

l-ayer

Pol-vflow S

Lower coated
film layer
additive

A-5

Polyflow S

A-6

Polyflow S

À-7

PoLvflow

A-8

non-Si-based
Ievel-er ( S )

Polyflow S

Upper
J-ayer

coating
surface
tension

(ôa)

A-9

Po]-yflow S

A-10
A- 11
(Ref
ex. )

Polyflow S

Pol-vflow S

BYK-141

s

Pol-yflow S

BYK-1 4 1

Lower
layer

coating
surface
tension

(ôb)

A_12
( Ref
ex. )

BYK-o8 O

%

BYK-065
BYK_057

None

0.2

BYK-057

A-13
( Ref.
ex. )

mN/n

BYK-055

o.2

BYK-053

None

0.4

I ôa-
ôbt

BYK-077

o.2

32 -0

Orange
peeJ-

surface
forma-
tion

A-l_ 4

(Ref .
ex. )

Pol-yflow S

Si-based
l-evel-er

o.a

mN/m

32 .0

0.1

32.0

0.2

Polyflow S

32.0

0.

31.7

Pol-yfJ-ow S

32.0

0.4
4

mN/m

32.0

0.2

31.5

solvent
change
(butyJ-

acetate )

32 .0

30. 3

0. 05

32 .0

32.1

0.3

32 .0

31. 0

solvent
change

(N-nethyl
pyrrolidone )

32.0

32.6

0.5

0.2

32.I

t.7

?? 
"

32.s

0.1

A

30. 7

1.0
0.6

28 .4

A

33. 3

0.1

A

28 -I

0.5

A

1-3

A

3.6

32 .0

A

2'7 .8

A

q

A

¿

A

32.0

A

26 .9

qq

L-

38.s

5.1

c

6.5

c

U

z_'lt7 IBM low C+ BlR 07~ C.~ ;t2.1, ~.7 > -, g  7 1 Ref va n. e leveler C1. 0 5 33.3 288,7 5.2
U  aa.) --------------- (Ref. None Polyflow 2 0.2 33.3 27.9 S 0  ex.a i   A.-13 solvent ge (Ref.
Polyflow 3 c :5ar3 ~' - 32.0 26.9 3.1 C  8\.; ! (butyl acetate) A - C ....  _ E  (Ref. Polyflow S
change i pyrrolidone) .................--......----._._.......'-- __---- ._---- ------- ------ -------- -24- Table 2
3mount~ E _ o  ...  added Upper Lower layer E layer Orange  Upper/ to oa pe e s  CL-pee-
lower coated film OW eS coat.,.ng coating I floes constitution svrfaco surface ci-ate(: sn
tens-OII iE7Lio:_fL`2rne Ci.C;:  )fi o<o tE: ~i ):.lYn l {Sa)  cilsn (ob)  i-----
.----__-_____---.---_-_.--..ilayer- ------- --- __.........___r....-_-._;......~.._.....---.--- coated coated
Lower coated film  verr^ irn mNlr mN/n 1-- layer additive "\7 z' A  
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Table 2

A- 15

A-1 6

Polyflow
S

Lower coated film
layer additive

Polyf lorn
s

Amount
added

to
lower

coated
filnr
laver

A-17

BYKOSO
(0.22)
BYK1 4 1
(0.2c)

A-1 I

Sol-vent change
(cyclohexanone)

Upper
J-ayer

coating
surface
tension

(ôa ¡

solvent change
( cycJ- ohexanone /NMP )

A-1 9

Polyflow
s (0.4å)

Lower
l-ayer

coating
surface
tension

(ôb)

Polyflow
s (0.6å)

A-20

6

BYK-057

PolyfJ-ow
s (0.2?)

A-2I

rt is learned that by controrring the absol-ute val-ue

I õa-õb I of the difference of surface tensions of the upper
layer and lor^rer l-ayer coatings, ân orange peel- surface
can be formed. ff lôa-ôbl exceeds 5.0 mN/m (reference
exampre coated films A-11 to A-14), the interface betvüeen
the coated film layers stabilizes, so the orange peel
surface appears onl-y partially. Further, if there is no

difference between õa and ôb (A-2I), the orange peeÌ
surface is either not formed or becomes uncl-ear.

Example 2

Galvanized steel sheets prepared in Example 1 were
formed with the coated fil_ms A-1 to A-10 explained in
Example 1 to prepare test pieces and were formed with the
coated films B-1 to B-5 of comparative examples shor,vn

below to prepare test pieces.
(1) Coated fj_Im B-1

mN/¡n

Polyflow
s (0.6å)

BYK1 4 1

I ôa-
õbt

Orange
peeJ-

surface
formation

BYK1 4 1

32.0

mN/m

0.2

non-Si l-evel-er (S)

32-0

BYK1 4 1

mN,/m

34 .9

10

0.2

31. 3

37 .0

0.2

2.9

A

31. 9

32.1

5.0

0.

31.7

5

A

31.5

15

0.8

0.2

A

32. O

31.5

0.4

31. ?

å

29 .8

o-2
A

( curtain
unstable )

å

31.7

2.2
A

( curtain
unstable )

0.0 c

layer additive _ ............... ._........_......s.;. -......---------------------------_-- ------ ----.....i
._...---.--.-.--------------- --r- _....i._..  A-15 Poly flow E Solvent change. 3t a L 3S . 9 2. 5 I
__-_..~...._.  S {cyclohexanone) .. .  ...6..EPolyflo.`----solvent change ------- 37.0 S. t? .A-16 S
{cyclohexaairraerald"!P) . - 32.0  A-1 ------------ ?S-':7 SYK141 6Yri-0;17 031 31.3 32.1 . 0.8 A
3  r El [of - na 3(K_41 . U {f}_Aa 0,2 31,5  ----------------- ------------------- ---------- ,r to1yf0,41
{0&a R1K16.1 1 G._ 31 7 31 ~7 2 i t  r  03 lyflow A-2 ) S BJMM1 0.5 32A 29 2.2 iicux j, z
unstable)  i q r-~A n1n-Sl leveler .. (S) 0.2 31''? 31.? C it is learned that by controlling the
absolute value 15a-6blof the difference of surface tensions of the upper- 5 layer and lower
layer coatings, an orange peel surface  can be formed. If Ica-8b1 exceeds 5.0 mN/rn
(reference  example coated films A--11 to t-l4), the interface between  the coated film layers
stabilizes, so the orange peel  surface appears only partially. Further, if there is no 10
difference between A and 8b (A-21), the orange peel  surface is either not formed or becomes
unclear.  Example 2 Galvanized steel sheets prepared in Example I were  formed with the
coated films A-1 to A-10 explained in i5 Example I to prepare test pieces and were formed
with the  coated films 5--1 to B-5 of comparative examples shown  
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A substrate \4ras formed (baked) with a l-ower
coated film layer of a poJ-yester-based primer resin to 5

pm, then was coated over that with a coating comprised of
a mixed resin of a polyester resin with a glass
transitj-on point of 12oc and a butylated meramine resin in
an 85/L5 (mass) ratio and polyester resin beads (particj_e
size 40 pm) contained in an amount of 10? and baked using
a high frequency induction heating oven at a maximum peak

metal temperature of 230"C. The dry thickness of the upper

layer containing the resj-n beads was 15 Fm.
(2) Coated film B-2

Except for using a polyester resin with a glass
transition point of 35oC, the same as B-1.

(3) Coated fil-m B-3

Except for not containing poJ-yester 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
resin beads of I2%, 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 hras measured for V{ca and Vüc-sm

usj-ng a Toyo Seiki surface measurement system "Surfcom"
under conditions of a measurement length of 25 mm, a

cutoff of 80 lm, 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
film by a load of about 5 kg, rubbing it back and forth
over the surface of the coated film 30 times, then
visualJ-y judging the degreé of scratching of the surface
of the coated fil-m. Noticeable scratchj_ng was evaluated
as "C", afmost invisibl"e scratching as "4", and some

scratching as "B".
The workability was evaluated by running a T-bending
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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 resin to 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 melamine resin in  an 85/15 (mass) ratio and polyester resin beads
(particle  size 40 pm) contained in an amount of 10% and baked using  a high frequency
induction heating oven at a maximum peak  metal temperature of 230C. The dry thickness of
the upper  10 layer containing the resin beads was 15 gm. (2) Coated film B-2 Except for
using a polyester resin with a glass  transition point of 35C, the same as B-1a (3) Coated film
3--_ 15 Except for not containing polyester resin  bead', the same as B'-:. (4) Coated film B--i
Except for using resin beads having an average  ~y particle size of 10 psi in the amount of
addition of the  20 resin beads of 12%, the same as 5-1. (5) Coated film B-S 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 zran, a  cutoff of 80 gm, 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 degree 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". 
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test at 20oC and examining the bent part of the coated
fil-m by a 10X loupe to find the T of the limit where no
cracks occur. For example, when 2T bending leads to
cracks beíng observed and 3T bending does not lead to
cracks being observed, the score is 3T.

The gloss was evaluated by employing the 60 degree
mirror surface reflectance (%) of the surface of coated
film,

The obtained results are shown in Table 3 along with
the distance between rarge 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

10

Coated
f il-m

A-1

hlca
( P¡n)

A-2
A-3
A-4

Wc-sm
(tim)

0.7

A-5
A-6

0.7

Distance
between

waves
( u¡r)

0.6

A-7

3550

1.0

A-8

t.2

4 600

1

A-9

7300

25

A-10

5200

1.0

650

B- 1*
(Cornp.
ex. )

4500

1.0

3600

Appearance

r.2

i00
650

2800

0. 35

B-2*
(Comp.
ex. )

Smooth rel-ief
shapes

750

3100

700

Same as above

2800

?00

0.7

B-3
(Comp.
ex. )

Same as above

28 00

600

Same as above
Same as above

3l-os s

s50

0.9

B-4 *
(Comp.
ex. )

Same as above

30 00

550

15

Somewhat large
relief shapes

Scratch
resist -

ance

600

0.7

85

B-5*
(Comp.
ex. )

2900

Same as above
Same as above

84

700

Moderate relief
shapes

85

*resin bead-containing coated filrn

0.3

Work-
ability

150 00

84

A

650

85

Smooth relief
shapes

A

84

0.6

1500 or
more

A

3500

85

A

OT

In the coated films B-1, B-2, B-4, and B-5 of the

Same as above

A

84

OT

A

7300

85

OT

700

Smooth
(Orange peeL

absent )

A

85

OT

OT

A

OT

A

Orange peel
feeling

insufficient

800

80

OT

A

OT

81

Orange peel
feeJ-ing smaLl-

OT

B

OT

85

A

OT

85

c

2T

85

c

OT

c

OT

OT

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 T of 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  mirror surface reflectance (s, of the surface of coated  film. The obtained results
are shown in Table 3 along with  10 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 -- - - ------------------------- - - ------ t t, C r ,. .3C d Scratch - film 1 flim) (
gym). -- @515[. work on,ooth 1 85  ................ ------------ ---- 95OD 1O0 Same as an:~ve  84 A
Om.  --------- ------------ -------- ---- --- A-3 11,10 'Ju 650 Same as above I Hs 0 T  >.- 1 7..9
5200 ~.... r5o Same .e abc:o. 09 A~ OA-~  _505 1.2 4500 1 700 -- A-6  1 25 3600 rCO Same
at above h4 - r.  - 3 C. 2800 1 600 Somewha" t t zpcg 85 A. 0T  .............._...._.__.. }`k  A- r 1
.0 31047 550 Same as above ...~ 84 A _ OT c OT  A-- 9 .1,2 2800 550 Game as alcove ;t 
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comparative exampl_es including beads, either the
workability or scratch resistance r^/as inferior. rn the
coated fifm B-3 with no beads, ân orange peel surface
coul-d not be f ormed.

Example 3

Galvanized steel sheets prepared in Exampre 1 were
coated with the coatings for the coated fitms A-3 and A-9
explained in Example 1 usj-ng a slide type curtain coater
to form lower J-ayers of 10 pm and upper rayers of 12 Frn
which hrere then baked on usj-ng 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 2o"c) to the
maximum peak metar temperature of 23Ooc during which time
the forlowing heating rate (average rate until reaching
230"C) was used:

I: 1.0oC/sec,

II:2.5"C/sec,
III: 4.0oC/sec,

IV: 5.5"C/sec, or
V:20"C/sec.
The surfaces of the coated fir-ms after the heat

treatment r^¡ere observed. vühen orange peel surfaces were
formed welr, they were evaluated as "A", while when they
vùere not, they were eval-uated as rrcr'. The results are
shown in Tabl-e 4.

Table 4
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25

Heating
method

Induction
heatinq

30

Hot air
oven

heatinq

Heating
rate I

(minimum)

A

Heating
rate fI

From the resurts of Table 4, it is l-earned that. if

A

Heating
rate fII

A

c

A

Heating
rate IV

c

Heating
rate V

(maximum)

A

c

A

c

------------------- - -------------------------- 3 10 0.35 2800 n00 M 05..'.~...--'A-__._  Moderate relief?
... slaves  ..................... OT  .-............ ---- ef --- { ....  {CanP 0.7 `0O0 700 Smooth reli 80 S !
OT  shapes  ex.; G --- -------------------  (Comp, 0.9 2900 650 Sane as above 81 A 2T  1 ex.} - -
- -- - - -- ----------- --- - -- ---------------- ----- --------- - ----- - - ------ t Smooth ICom 0.7 15000 1300
o  P. (Orange peel 85 C - - is t e . .......__...... 1.~......-...-'---t-- absent) Orange peel I (Comp.
0.3 3500 700 feeling 85 C .F  Ex-- .,-~.___...... insufficient _ .  i__...... .............`  Comp. 0,6
7300 0000 Or p 05 ,. 9  ex - j 1 feeling small 1, resin bead-containing coated film in the coated
films B-l, 3...' , B-4, and B--S of the -- 2 7  comparative examples including beads, either the
workability or scratch resistance was inferior-. In the  coated film E---3 with no beads, an
orange peel surface  could not be formed. S Example 3 Galvanized steel sheets prepared in
Example 1 were  coated with the coatings for the coated films A-3 and A-9  explained in
Example 1 using a slide type curtain coater  
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using induction heating, the l-ine speed can be increased
and an orange peeJ- surface can be formed with good
control- rn each of the examples of use of induction
heating, the popping defects caused due to the solvent
failing to be released wer-l from the coated film could
not be observed.

Example 4

Garvanized steer sheets prepared in Exampre 1 were
formed with the coated fil-ms A-22 to A-2 4 of the present
i-nvention shown i-n Table 5 (of these, the coated film A-
24 is a reference exampÌe). These coated films were
prepared by the same conditi-ons as in Example 1 except
for the additives shown in TabÌe 5. when preparing the
coatings, the predetermined additives v\¡ere added to the
coatings, then a high speed disperser (Toyo Seiki paint
shaker Model scD) $¡as used to stir the mixtures at 2000
rpm for 15 minutes.

The measurements of the surface tensions right after
preparation of upper layer coatings rú/ere performed after
strong stirring, then standing for )o minutes. Further,
the measurements of the surface tensions of the coaLings
after standing for one day and after standing for one
month r^/ere performed after using a high speed disperser
for strong stirring at 20oo rpm for 5 minutes and
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 20oC by the platinum ring pul1up method.

10

15

20

25

to form lower layers of 10 M and upper layers of 12 i.im 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
20C) to the  maximum peak metal temperature of 230C during which time 15 the following
heating rate (average rate until reaching  230C) was used: _. 1..0C/sec,  lI: 2.50C/sec.  III:
41.0C/sec, 20 IV: 55.  V: 20C/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 a eating  ..eating Heating Heating Heating I  methc:d rate rate 11 rate T11
rate IV, rate V  (mznimu ) , 3xisrum1  indu or fle t ntS A A A  ------------- -- - ---- - --- ----------
HC) f: air J ---~  oven A heating  0) From the results of Table 4, it is learned that if using
induction heating, the line speed can be increased  and an orange peel surface can he formed
with good  control. In each of the examples of use of induction  heating, the popping defects
caused due to the solvent 



Upper/lower
coated film

layer
constitutions

Coated
f il-m Upper

coated
fiLm

J-ayer
addi-
tive

29

Tabl-e 5

Upper layer
coating
surface
tension
(ôa) mN/m

Lower
coated

f il-m
layer
addi-
tive

A-22 BYK-077
(0.63)

n-5
aver-

age
val-ue

Maximum
value

and
minimum
value

differ-
ence

A-23

Lower
layer

coating
surface
tension

(ôb)
mN/m

BYK-057
(0.2r)

BYK_07?
(0. 6% )

A-24
(Ref.
ex. )

32.r

BYK-057
(0.22)

I ôa-
ôbl

mN/m

BYK_ O7 7
(0.6å)

Orange
peel

surface
forma-
tion

when measuring a general coating for surface tension
five times, usual-ly the difference (variation) between
the maximum varue and minimum val-ue is at most within
0. 05 mN,/m in range, but with the coating (A-22) used in
the present invention, it is 2. g mN/m. since there is no
difference in surface tension bet\^reen the upper rayer and
lower layer, normal-ly no orange peel surface would be
formed, but the varj-ation in surface tensj-on of the upper
layer is 2 mN/m or more, so an orange peel appearance is
obtained.

If stori-ng this coating, the variation in surface
tension gradualry becomes smal-l-er. After storage for one
day (A-23) , the variation in surface tension is still- 2.7
mN/m, so an orange peel appearance is manifested.
However, after storage for one month (A-24), the
variation in surface tension becomes 1.5 mN/m and the
orange peel appearance can no j-onger be seen.

2-8

32.r

BYK_057
(0.2%)

32.7

2.1.

Remarks

10

32 -r

0.0

32.I

1.5

20 minutes
after

preparation
of upper

Iayer
coatinq

A

0.0

l-5

32.r

A

1 day after
preparation

of upper
layer

coating

0.0

1 month
after

preparation
of upper

Iayer
coatinq

c

5 failing to he released well from the coated. film could  not be observed. Example 4
Galvanize:'- steel sheets prepared in Example 1 were  formed with the coated films A-22 to
A-24 of the present  i0 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 I except  for the additives shown in Table S. When preparing the  coatings, the
predetermined additives were added to the 15 coatings, then a high speed disperser (Togo
Seiki paint  shaker Model SCD) was used to stir the mixtures 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
af 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 }3YK dynom;eter was  used tomeasu.re the values of the static surface
tensions  at 20C by the platinum ring pullup method. 2S - -Table 5 j "J .. , r,{,e Upper ,-ages '
co at n  coated film sur_ace  Laver Lower  tension c..,r.;t:tu ioa:? I fi Layer Oran.ae  _..,  a1
-------------- _.~_.,... ---------- ~---- .. nfl /rn Coating IS.~.. . ;, += ~_1  Coated: ...,. ..... Le Upper.
Lower Maximum _ surface g,5 surface Remarks  
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INDUSTRIAL APPLICABILITY

The precoated sheet according to the present
lnvention can be widely used in fiel-ds where a beaut.iful
surface appearance and design sense are requested such as

buij-ding materials, home electric appJ-iances, daiJ-y
sundry goods, and automobil-es. fn particular, the
precoated sheet of the present invention maintains j-ts
beautiful- appearance of an orange peel surface without
the coated film being damaged even if the substrate is
shaped after coating. Therefore, there are promising
applications for precoated metal sheets.

Further, orange peel surfaces are often formed by
powder coating or el-ectrostatic coatingr so there is a

good chance of the method of production of the present
invention being utilized as alternative technology in
these fields.

5

10

15

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 I after.  A--22
BYK-077 BYv f,5'; c. preparation 32.1 2.8 32..1 ~eL A i0.c) N, 2%) od upper  _ layer  coatinq I
day after  ---- - - - ---- -- -------- - --- - - --------- - B YiK-077;1-%,-J("15i~ 32.1 2.? 32.1 'i unper
layer  COB t:'ITIQ --- ---------- -------- i i R BY v--C - :~ itr y t c- ixat or  i i er  -------------- --- - ------
........ [--- -------- ------ a t f When measuring a general coating for surface tension  five times,
usually the difference (variation) between  the maximurn value and minimum value is at most
within  0.05 rdd/nn in range, but with the coating (A-22) used in  the present invention, it is 2.8
mli/m. Since there is no  difference in surface tension between the upper layer and  lower
layer, normally no orange peel surface would be 10 formed, but the variation in surface
tension of the upper  
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CLAIMS

1. A precoated sheet excel-l-ent in workability and

scratch resistance characterized by having a coated film
with an outermost surface having a fil-tered centerline
waviness curve (Vüca) of 0.35 pm <Vüca<I.25 pm and a mean

spacing of local- peaks of the filtered centerline
waviness curve (Vùc-sm) of 2800 pm SVüc-srr-r<12500 pm and by
having an interface between an outermost coated film
layer and j-ts lower coated film J-ayer of a wave

structure.
2. A precoated sheet excellent in workability and

scratch resistance as set forth in claim 1, characterized
in that a waviness curve appearing when observing the
interface between the outermost coated fil-n layer and its
lower coated film J-ayer in cross-section in a thickness
direction of the coated fil-m satisfies the conditions of:

(i) including large waves defined by having
areas of A<0. BB where the distance between the coated
fifm outermost surface and the interface waviness curve
is rrA'r and the mean thickness of the outermost coated
fi-Im Ìayer is rrB'r and

(ii) having an average distance between l-arge

vJaves of 750 pm or less.
3. A prec'oated sheet excellent in workability and

scratch resistance as set forth in claim I or 2,

characteri-zed.in that the interface between the outermost
coated film layer and its lower coated film ì-ayer is a

continuous vüave structure surface.
4. A precoated sheét excellent. in workability and

scratch resistance as set forth in any one of claims 1 to
3, characterized in that the outermost coated film layer
and its lower coat.ed film layer are of thermosetting
resins of the same color.

5. A precoated sheet excell-ent in workability and

scratch resistance as set forth in any one of claims 1 to
4, characterized in that the total- thickness of the
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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.Nfrn, so 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 appearance can no longer be seen. INDUSTRIAL
APPL:rcABJ:LIT: The precoated sheet according to the present  invention can be widely used
in fields where a beautiful  surface appearance and design sense are requested such as  5
building materials, home electric appliances, daily 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 io
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. 31 ._ CLAIMS 1. A pr. :coated sheet excellent in
workability and  scratch resistance characterized by having a coated film  with an outermost
surface having a filtered centerline 5 waviness curve (Woe) of 0.35 ym <_Wca_l.25 }La and a
mean  spacing of local 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 a wave 10 structure. 2. A precoated sheet excellent in workability
and  scratch resistance as set forth in claim 1, characterized  
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outermost coated film layer and its l-ower coated firm
layer is, in terms of dried coated film thickness, 5 to
50 pm.

6. A precoated sheet excel_l-ent in workability and
scratch resistance as set forth in any one of claims 1 to
5, characterized .in that the lower coated film J-ayer and
substrate have one or more coated fil-ms between them.

7. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth in claim 1 characterized by coating a substraLe
with a coating forming a lower coated f1Im layer and a
coating forming an outermost coated film Ìayer in a wet
state to form a coated film and sj_multaneously drying
these coated film layers by heating.

B. A method of production of a precoated sheet
excerl-ent in workabiJ-ity and scratch resistance as set
forth in claim 7 characterized by coating the coating
forming the lower coated fil-m layer and the coating
forming the outermost coated film layer by wet-on-wet
coating or sj-multaneously multilayer coating.

9. A method of production of a precoated sheet
excerlent in workability and scratch resistance as set
forth in cl-aim 1 or B characterized by drying the coated
film j-ayers by heating by induction heating, el-ectric
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 cl-aims ? to 9, characterized in that
the coating forming the outermost coated film rayer, when
measured for surface tension five times, has a difference
between a maxi-mum value and a minimum val-ue of the
obtained measurement values of 2 mN/m or more

11. A method of production of a precoated sheet
excell-ent in workability and scratch resistance as set
forth in any one of cl-aims ? to 10, characterized in that
the coating forming the outermost coated film layer
incl-udes Lwo or more types of surfactants whose surface
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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:  (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  20 is "A" and the mean thickness of the outermost coated  film layer is aBo
and (ii) having an average distance between large  waves of 750 }stn or less. 3. 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. 5. A precoated sheet excellent in workability and  35 scratch
resistance as set forth in any one of claims I to  4, characterized in that the total thickness of
the _. 32 ... outermost coated film layer and its lower coated film  layer is, in terms of dried
coated film thickness, 5 to  50 }m, 6. A precoated sheet excellent in workability and  5 scratch
resistance as set forth in any one of claims l to  5, characterized in that the lower coated film
layer and  substrate have one or more coated films between them. 7. A method of production
of a precoated sheet  excellent in workability and scratch resistance as set  10 forth in claim I
characterized by coating a substrate with a coating forming a lower coated film layer and a
coating forming an outermost coated film layer in a wet  state to form a coated film and
simultaneously drying  
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tensions differ.
12. A method of production of a precoated sheet

excell-ent in workability and scratch resistance as set
forth in any one of cl-aims ? to 10, characterized in that
an absol-ute val-ue of a dlfference between a surface
tension ôa of the coating of the outermost coated fil-m
layer and the surface tension ôb of the coating of the
lower coated film layer is 0.1 mN/r--r<lôa-ôbl<5.0 mN/m in
range.

13. A method of production of a precoated sheet
excel-l-ent in workability and scratch resistance as set
forth in claim 12, characterized by adjusting at least
one of the surface tension of the coating of the
outermost coated fiÌm J-ayer and the surface tension of
the coating of the Lower coated film J_ayer by adding an
addi-tive.

L4 - A method of production of a precoated sheet
excel-lent in workabì-lity and scratch resistance as set
forth in c1aím 13, characterized in that the additive is
a surfactant, blending solvent t or l-eveler.

15. A method of production of a precoated sheet
excellent in workability and scratch resistance as set
forth ín claim 11 or 73, characterized in that the
coating contains a surfactant in an amount of 0.4 masså
or less.

16. A method of productj_on of a precoated sheet
excell-ent ín workability and scratch resistance as set
forth in any one of claims 7 to 15, characterized by
using an inducti-on heating system to heat the substrate
by a heating rate of 1.O'c/sec to 2o"c/sec in range so as
to simultaneousì-y dry the coated film layers by heating.

11. A method of production of a precoated sheet
excell-ent in workability and scratch resistance as set
forth ì-n any one of cr.aims 7 to 16, characterízed in that
the viscosities of the coating formj_ng the outermost
coated film layer and the coating forming j_ts l_ower
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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 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  f . by induction heating, electric  film layers
by heating 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 mores 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 ... 33 - tensions
differ. 12. A method of production of a precoated sheet  excellent in workability and scratch
resistance as set  forth in any one of claims 7 to 10, characterized in that 5 an absolute value
of a difference between a surface  tension as of the coating of the outermost coated film  layer
and the surface tension ob of the coating of the  lower coated film layer is OA
mN/m<(8a-6bjS5.0 mN/m in  range. 10 13. A method of production of a precoated sheet
excellent in workability and scratch resistance as set  forth in claim 12, characterized by
adjusting at least  one of the surface tension of the coating of the 
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coated fil-m J-ayer are 0.2 to 1.0 Pa.s.

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 _.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. 


