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Proposal of New Functional Pre-painted Steel Sheets Utilizing the Color Tone of the Undercoat Film
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Abstract

By providing a functional clear coating film on the surface of a colored layer of the pre-painted
steel sheet, it is possible to impart the function and, in addition, obtain a design that utilizes the
color tone of the undercoat layer. We proposed three types of pre-painted steel sheets based on this
idea. (1) The oil- and water-repellent type pre-painted steel sheet has excellent non-adhesiveness
to many substances, and is expected to be applied to applications that simplify maintenance. (2)
The retroreflective type pre-painted steel sheet has excellent visibility due to light irradiation at
night or in dark places, and is suitable for safety measures in dark places. (3) The thermochromic
type pre-painted steel sheet changes color depending on the temperature and can visually convey
the danger caused by high or low temperatures, so it is expected to be applied to usages such as
fire doors and warning signs for icy conditions.
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Primer Paint

Chemical Treatment
(chromate, chromate—free)

Substrate Steel Sheet

Chemical Treatment
(chromate, chromate—free)

Back Paint (1 or 2 layers)
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Oil- and Water—Repellent Clear Paint

Color Layer Paint

Primer Paint

Chemical Treatment

-Substrate Steel Sheet
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Cross section of oil- and water-repellent type pre-painted
steel sheet
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Samples
Sample No. 1 3 4 5
Water and oil Water and oil Water and oil

Top clear paint
. repellent 3 um
Cross sectional

repellent 1 um

repellent 1 um

. . General white
structure of paint ~ Color layer paint

l6um

General white

General metallic General white General metallic

16 um 16 um 16 um

Primer paint General 5um

General 5um

General 5um General 5um General 5um

Substrate GI

GI GI GI
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Oil-based ink repelling and wiping performances

Sample No. 1 2 3 4 5
Red Repelling Repelling Repelling Repelling No repelling No repelling
Dry wiping No trace No trace No trace Trace Trace
Black Repelling Repelling Repelling Repelling No repelling No repelling
Dry wiping No trace No trace No trace Trace Trace
Soy sauce Sauce Mustard Ketchup
Red i |
Sample 2 ‘ ample &
Black = b=l |
== —
Befc:;’_A:ter Dry wipe Sample 4 @
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Oil-based ink repelling and wiping performances 5 SEASOREM
Food adherence resistance properties
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Basic properties of samples

2 3 4
Sample No. . . .
(T £PCM) White Metallic White
e 0
P (Water and oil repellent) (Water and oil repellent) (General)
Pencil hardness 500 gf H H H
Cross cut & peeling 100/100 100/100 100/100
. . No crack No crack No crack
Erichsen Smm & peeling . . .
No peeling No peeling No peeling
Dupont impact & peeling No crack No crack No crack
1/2in., 500 g, 30cm No peeling No peeling No peeling
oT A few cracks No crack No crack
. No peeling No peeling No peeling
T-bend & peeling
T No crack No crack No crack
No peeling No peeling No peeling
Acid resist
cieresistance . No blister No blister No blister
3%H,S0, 20°C24h dip
Alkali resist:
1 resisance . No blister No blister No blister
3%NaOH 20°C24h dip
Solvent resistance No ch No ch No ch
o change o change o change
Ethanol 20°C 24 h dip & € &
Solvent resistance No ch No ch No ch
o change o change o change
Petroleum benzine 20°C 24 h dip & & &
SST 500h
. <2mm <2mm <5mm
Max. blister from X-scratch
SWOM 120h
. <1.5/95~105% <1.0 / 95~105% <1.5/95~105%
AE / Gross-retention
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Sustainability of oil-based ink repelling and wiping performances

. Sample 2 (White) Sample 3 (Metallic)
Acceleration ; — - -~
Repelling Dry wiping Repelling Dry wiping

JASO-CCT 40cyc. Excellent No trace Excellent No trace
SST 240h Excellent No trace Excellent No trace

SST 500h Excellent No trace N.D. N.D.

HCT 50°C90%RH 360h Excellent No trace N.D. N.D.
Hot water boiling 2h Excellent No trace Excellent No trace
Germicidal lamp 20cm 6h Fair No trace Good No trace

SWOM 500h Fair~Poor No trace N.D. N.D.

5%NaOH 8h Excellent No trace N.D. N.D.

5%H,SO, 24h Fair No trace N.D. N.D.
Toluene dip 1h Good No trace Fair No trace

Rating of repelling: Excellent>Good>Fair>Poor, N.D.: No

AbNDo F7z, HEM - FRMEBRFIIEAHIRHAEH & D
IFEAMIENL 720, — FIRALRRMOREH 7% &0
ROMBG LD 5V IZFEEFSDIILHSEICHET 2 2 L A%
ThoHEEZLN S

3. BRREETL I MER

3.1 OB LW

FRIET &1L, MRS LT 55005 AL 72
HTHoThH, KEHEOF A AL A5 360 BERERL, b
BOHFIMNIF> T HEEDOZ L% E D)o HED AR Y b
A ML EH M0 OHBEIENL D, ZOWE
R L-8E, B N =8, ffik~——,

H A& # 8 B W #4195 (2022)

data

MR KR O L IR S — b e &, B4 ZWmi)As
EHEN TS, KIROZEHFRIT Y — MOl E R
6 12R"T, HIREEMEZAET 5 7L a— MRz feitd 5
LT, FITEHREEIT COREREAEICHERSNSZ
EOHIRFTE %,

R 2 BB S HEO—D2L LT, HTALE—
R Gl T HERERETLHEDFHON TS, ZOH
ENERT7IRT, HIAL—=RIZAGLKIEE—ZD
EENCTREL, RO FMICHRL T, ZOhEx
FLa—MEBICEATAZ L EE R, 727, SLa—
MR O#E T A~ TR S s u—)ba—
¥ —TlE, KEEOH T A =X ($) 60um) % &H T HE&



TEZEOGRAEEL UH L OEEETL O— MIRORE

BHABAT 52 L3 LV BWRHEAREIC T — )b — SR
DX vy ThEHNITAL = ADEBRT 5 LD TETHRS
NTLEIZDTHD, LoL, HREHZEOFEECCLD
H—Tr7u—a—¥—&FERTIE, FEEROBRA T
NTHE0, HITAC—ZADHEREN D Z & 7 {EEN
TRETH L. E7:, 7L a— MO FTEEEEZSEOREE L,
Bb ¢ AR BB E $ 52 LT, FIREED K

X6 BREREY—NOERAEG
Example of use of retroreflection sheet

Light Reflected
source| T light

Clear
paint

Substrate

7 BRREOBEEX
Concept of retroreflection light PCM

Sample name A B

Clear paint with
beads
Reflect layer(Metallic)
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Used substrate and paints for PCM samples

Substrate 0.5mm GI with chromate-free chemical treatment

White primer paint (polyester/melamine type)
Primer layer (contains white pigment &

Chromate-free rust preventive pigment)

Reflect color layer Metallic paint (polyester/melamine type)

Clear paint (polyester/melamine type)
Top layer

(contains 60 um glass beads)

C D

OO

White primer

Coverage of beads(%) - 55

middle

Normal shooting
in bright room

Intensity of
retroreflection
light —

Strobe shooting
in dark room

153 39.1

week

X8 HEMOUTEIER & BRI EE
Cross section of samples and their intensity of retroreflection light
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Under layer(white)
10~11p

\ Under layer(white)

13~15p

weaké In order of intensity ->strong

0.10 0.15 0.20 0.25 0.30

upper thickness/under thickness

X9 TREEENEWILZBRRAEEDNDZEL
Change of intensity of retroreflection by under layer
thickness

£ 6 BIFRHE PCM (Gl X—X) O
Formability of retroreflection light PCM (substrate Gl)

Test Guard film Result
Visual No crack
0T-bend Without After No film peeling
tape peeling | No beads desorption
Visual No crack
Outer :
After No film peeling
R part . .
Without tape peeling | No beads desorption
ithou
Mold Visual Some beads desorption
V-bend | rubbing After No film peeling
(90°) |flat part tape peeling | More beads desorption
inner Visual No crack
Outer -
r=0mm After No film peeling
R part . .
With tape peeling | No beads desorption
i
Mold Visual No beads desorption
rubbing After No film peeling
flat part tape peeling | No beads desorption




TEZEOGRAEEL UH L OEEETL O— MIRORE

FEE Lotz 72720, @BV AIZED 90 T 24T
) B SR 5 O B A & R & I TR L7204,
BENOSOE - XOBBER RSN, L L, FRRE
JROFRHNRFE 7 A VAZREOFHTTNL LA 25, #%
M LE55 T — XDOBBEIFE L o7z,

3.4 BES N5 HE

R COMRBEMERO HBIAH SN L 2 L
ETE Do FIZIE, BEHEOBEIMWL AT — FL—VEAD
WHHEZ BN %

4, H—Fv0O3I 9y 7RI L a— MER

41 FEAEDR SV

VAR, A R— Ly " PR X — ) — TR, %
EENTWE, oA 712, B CTERICZ )R
THEOETLY—FEr7uI vy 7YEEHIN TV, FE
Watr—Eru 3y 73R CTh L0 1 aguplofbr% X
10 1R T A FRRICE D EO B g2t s €5
SHEH 2T A 2 L caf agelog TS ZELd
bo TORER, FE/idmit %,

V=70 7R BEOEFBAICHATSZ LT,
WEIZEVEIEILT S —FraIy 7" 2 BT
L7V a— MiRE SR Lz, OV —FruIy s
L a— ML, BEIZE by I TR LIZE R B
A, EICLY by TEREO B EAEHICR ) TREOM
WA TEDL LN LD END, RFD Ny T 7T
B L S52567259, £72, SN LHEE (=£0) Ak
RTRBEREOCHZFHTSLDTH L L HRFEN, =
D7V a— MARIIERE SR TE 5720, KEHIER
EEEOFKE R &, MRS LRI T & Sl
Y be B, —FruIy gkl 2z BEICHEET 5
&, —F70 Iy 7 BERDKIE T 5 &) BEDS

fle R
R,N' 0 R Temp. rising R/N 0. R
(-H")
R > R
OH <« 0
(_1 Temp. drop
% (+H")
Colored Colorless
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Molecular structures of thermochromic dye (Leuco dye)

Core
* Thermochromic dye
*Color developer

Shell

*Resin

K11 FARALAEY—FE7O03 v 7EAOEE
Structure of investigated thermochromic pigment
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xR7 ERLAY—FE/OI v IR
Investigated thermochromic paint film

. Thermochromic pigment
Resin -
Color Concentration [mass%]
Polyester/Melamine Red 30
Clear layer:5 um Heating Transparent
Color changing layer Colorless
Red

15Um Transparent

Blue Primer layer:5 4 m @

EG Chemical treatment Coollng EG
12 #HEMORTER

Cross section of sample
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Performance test results
Property Test Thermochromic PCM Audio equipment PCM
Paint film hardness Pencil hardness 1kgf F F
Paint adhesion 0T-bend and tape peeling No peeling No peeling
. . Plane part Good Good
C . SST 72h
OfTosiof fesstanice Formed part (Erichsen 7mm) Good Good
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