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Development of Chrome-free Film Laminated Steel Sheet for Building Materials
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Development of Chrome-free Film Laminated Steel Sheet for Building Materials
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Resin-coated steel sheets laminated with decorative films are widely used as interior
building materials. Because steel plates are long-lasting materials, chromate treatment
has been used. On the other hand, due to recent environmental issues, chromate-free
products are being promoted worldwide. Additionally, in Japan, the JIS standard for hot-
dip galvanized steel sheets has been changed to chromate-free.

However, chromate treatment is still used for resin-coated steel sheets that are laminated
with decorative films. This is because it is difficult to achieve both film adhesion and
corrosion resistance.

Therefore, we focused on surface treatment before film lamination. First, a cobalt metal
oxide layer is formed on the zinc plating. Next, a chemical conversion treatment layer
is formed thereon. Using this method, the amount of film in each layer was verified and
excellent performance was obtained. We have developed a chrome-free resin-coated steel
sheet that has the same performance as conventional chromate treatment. These products
can be widely used as interior construction materials such as bathroom panels.

. resin-coated steel sheet; chromate-free; environment; film adhesion; corrosion resistance

72N 7 — @R UM BB DS S TH D, Zoh
TH 7 OA— MMEEF D6 i 7 O LSIK AR D 5 7
D, REGHEL 2 EIEEBHERT 2720, T EEICEN
TV, ZHEBEIENY T—3 3 RS NS N REE
MIZBWTH, Fig.l IR A Z 5 L ERIRE T 1)V
L%, 70 A— MLBEBHIIICS I 72— R LSRN, 8=
INFIVEICRIN TWS,

§ /
Decorative film /,l/ /
Adhesive

Chromate chemical treatment

Zinc plating

Steel sheet

Zinc plating

Chromate chemical treatment

Back side coat
Fig.1 Schematic view of chromate film laminated steel sheet.
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Fig.2 Comparison of film adhesion by Erichsen test after parallel-cross cut to others.
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Fig.3 Schematic view of Multilayer film.

Multilayer film of PET and PBT
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Table 1 Test samples made in laboratory.

Test Surface treatment (one side) .
. Decorative
sample | Substrate | Primary | Amount | Secondary | Amount | Adhesive film
number coating | (one side) | coating | (one side)
Co-0 Omg/m?
Co-1 4mg/m?
Co—2 5mg/m?
Co-3 8mg/m?
50mg/m?
Co—4 | Hot dip 10mg/m? Each of
B galvanizing ) multilayer
Cod steel sheet Lomg/m film of PET
(Amount of Clalal , | Chrome= Polyester | and PVC
Co6 surface | 25mg/m free .
plated | hemical resin and
Co=7 layer:180 contro 30mg/m? | cnemica 3um multilayer
E— 5 treatment treatment
cF-1 |, 8™ tmg/m? film of PET
Thickness: g and PBT
CF-2 | 0.45mm) 10mg/m?
CF-3 50mg/m?
15mg/m?
CF—4 300mg/m?
CF-5 600mg/m?
CF-6 700mg/m?
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Fig.4 Schematic view of production line.
Table 2 Test samples made on production line.
Test Surface treatment (both sides) .
| . Decorative Back
sample | Substrate | primary | Amount | Secondary | Amount | Adhesive film side coat
number coating | (one side) | coating | (one side)
PVC Multilayer Epo.xy
-CF Cobalt Chrome-— film of PET resin
Hot dip surface 15me/m? free and PVC | chrome-
galvanizing | control M8/ 1 chemical Multilayer free
PBT | steel sheet | treatment treatment film of PET | pigment
-CF | (Amount of Polye.ster and PBT 5um
plated 50mg/m? resin Ml
layer:180 3um ultilayer
PG T film of PET | EPOXY
-Cr 8/ms, ) Chromate and PVC resin
Téucknes;. chemical - chromate
PBT .45mm, treatment Multilayer pigment
Cr film of PET 5um
and PBT
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Fig.5 Standard for evaluation of film adhesion by Erichsen test after parallel-cross cut.
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Table 3 Result of film initial adhesion and corrosion resistance.
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Evaluation of film initial adhesion Maximum blister width
Erichsen test Salt spray test using cross—cut
Test Amc:unts of | Amounts of after parallel-cross cut method after 1000 hours
sample primary secondary
number coating coating Multilayer film | Multilayer film | Multilayer film | Multilayer film
of PET of PET of PET of PET
and PVC and PBT and PVC and PBT
Co-0 | Omg/m? E D Full surface 10mm
exfoliation
Co-1 4mg/m? C G - -
Co-2 5mg/m? A A 11mm 1mm
Co-3 8mg/m? A A - -
50mg/m?
Co-4 10mg/m? A A - -
Co-5 15mg/m? A A 8mm 1mm
Co-6 25mg/m? B B 8mm Imm
Co-7 30mg/m? C C = =
Test sample number
Co-2 Co-5
Multilayer
film of PET
and PVC
Multilayer
film of PET
and PBT
D B

Fig.6 Appearance of film initial adhesion by Erichsen test after parallel-cross cut.
(different amounts of cobalt surface control treatment)
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Multilayer
film of PET
and PVC

Full surface
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8mm

Multilayer
film of PET
and PBT

1mm

10mm 1mm 1mm

Fig.7 Appearance of corrosion resistance after 1000 hours by salt spray test using cross-cut method.
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Fig.8 SEM images and element mapping images of corrosion area. (Sample Co-0)
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:Chrome—free chemical treatment
:Cobalt surface control treatment
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Fig.9 Schematic view of interface corrosion between chrome-free chemical treatment to zinc plating.
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MICHEREOEARHIETH 25502 <, AR
ELTIRFTR, ULY O RBIERE, BERETEL
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P T D Bl R L — e 1) 7 VA R B 0D > iR & Rl BR TR
BNWEEZT-.

Fig.10 1255 1 #: 58 % 15mg/m”® & L, 5§52 #h g %
BB LTI 2 — MIZDWT, I TEEMEEL 7=
fﬁ%ér@“ BHSH BRI BN T, 74 IV LAEADE
IZER 0, MY & 2 LRI 2 S v g
~

?3/ =

éﬁﬁﬁﬁ:é’fw HWENHDH. FIT, 741V LTI %—
BN L7 i A A L 7.

W I B 4mg/m” OPBT 7 « )V A, C#EAfi T 7 « )b
LIy PHPHSNIFENTBD, BEARARERS 2
(sample CF-1). Z#IZK L T, # I &10me/m” LA L,
50mg/m* LA F D% OIIA 3l T 7 1 )b LTSI E
9, BEEICEN T WA (sample CF-2, 3). #i X &
300mg/m’* @ & OIXFE —HIEIC HEID 57, PVC 7 ¢
IV LEA G-, PBT 7 4 JVAEB Rl CEWAI R 67z
(sample CF-4), —75, #E&600mg/m* ® b D%, Wi
NHB T, HENITEEER T OHERTE L (sample
CF-5). & 51T, #iiE 2 BN #700mg/m* I L= 6D
WBCEMET, 74 VALY DENHSNTFNTHD, 5
HARER > /- (sample CF-6).

INS ORBIEREZ O, HM T U 7 & itz o Fb
ET AV L DEBE M, HIEEOHIMZI DN KT T 2
MRS 5Nz, WIEEDOEINIE> T 1 IV AFEEN
FEL, ZOHEITIIWIEE O BEMIEIN L E 5 & #EH
IND. Thhbst, Ty 7 dBicBnTiE, T
WK OHIRAVIE D HE 5 BRI, Highed - E FmE IR H
NERTEEHIIND. DX 0, EHERS 2 &5 O HIRE
WIS AT 5. BIREREH O & B 0 M E 2 N
B2 &, MR 6 Bl L HINT 5 729, #iRiE A < 7x
D, HFEEAMETR T 5. 2020, RikEN kbR, o &
HEMOWMND T Ay NRICT, BEEMET S
LEZEND. LENS>T,PBT 714V A, PVC 7 4V A

12, 52 i TE 2 50me/m® TR T 5 2 &0, mn
T EAEEZS2ITIERETH D &H L /2.

T TNV LAHEIZEDEVWER 5N, PVC 7 1 )L A

DHWINTEBEITEND Z &N 5.

Test sample number

CF-3

Multilayer
film of PET
and PVC

Multilayer
film of PET
and PBT

C

B

Fig.10 Appearance of film initial adhesion by Erichsen test. (different amounts of chrome-free chemical treatment)
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3.2.2 a0 BYEHERCRIFT 7 4 )L AT ORE
AR D EBD, 74 )L AFIZX D INTESFMEITE NS
oz, —BmicPVC 7 4 )V AERR IS TN E <
KAMETHEEEETI2REMNVEETHD. 2D, T
VIR RHLICHR LT, 74 IVARBRSBICERTES
ZET, MIBREICENTWSEEEZXS. DX, INT
ERICEFR UG /128, PVC 7 4 )V A DERIT L D B E
Nz EHERE NS, ZHUTH LU T, PBT 7 1 IV AR
MK EL, BSWERZEETHS. ZOEEITLD,
mz%«xo%%m CRHEFT B0, PVC 71V A
Elh#g U7z BEAEENEMR T Lz EHHIET N
% (sample CF-4).

3.3 S ASIR—PMEBERX

3.3.1 SEIx—hMEHOTEAE

3.1 BXRU3. 2D T RFMOFERN S, EETD S
Ik — kB &E{To 7= Table 2 IZ R THBUE B LR
TAINVALTIF—NZKO, @A 7 OL T ) —EH
B EE-L 2 £ 2 32— MERBRICBWTIE, &
ALFE D SRS O > EHAMR (JIS G 3302, 0> EftHE&E
Z18) I, KERERZ 2 7L —B#0E L, 51 iz
15mg/m* JBRk U 7=, RIZ, 551 I fE b~ L pR L EE Al 2
O—)Ld—% —T&AM L, MAME RS &5 T & TH2 HIR
Z50mg/m’ B L7z, 2D, 7 1)V AT 2 F— M
1TU127w7v&/f§%Wé%kkﬁBwn%@
HEICIIBE 2 EIEES pm, TNTNI—5 —
BAALE HWT, E—F 4 > —2TPVC 71 )L A

200°C, PBT 7 4 )L AZ230°C £ CTHitR ZmzE L, —&od
FIF—hO—)V THATEES LT T NV LEREEL
7z,

3.3.2 10 EXEORUEN

Fig.11 12T 22— M OHMT T 71 2B D
ik R Z2RT. 7 OL 7 U — WA O LA MEE3.1,
3.2 D T RkFT DR R L [FERIC, PVC 7 1 )L A, PBT 7 «
IVAEBHIT AFMTEENEZE5# L/ (sample PVC-
CF,PBT-CF). £7z, g i L2 7 0 XA — ML D
INTEEEBA G TH o772 (sample PVC-Cr, PBT-
Cr). L7zdio T, EET I F—MIZBWTH, 7047
U —LERAE 7 O A — ML E RSO T EEE 2 A
LTV ZENGMD.

3.3.3 WEYOPWEX

70 A— NMLEMIZ, R0 > X OBBE RIIEH%Z
HFFLZZ X, WO7 /— RBXUHY — RS2 M
SEDIET, O EOHEAEZIL TS, BENLE
MERBEITZZENFHENTNEY. 22T, 7047
) —ALFER DB R PERE A SST 12 L 0 bz U 7=,

Figl2 IZHEWT 22— M ORKT U A Y —IEDORE
B2t %R 9. PBT 7 1 VAR EPVC 7 1 L AEEET
t# 9 % &, SST2000hr #@EDRK 7 U X ¥ —i@id
PVC74n¢wﬂ%@ﬁ@hmnk%<PBr74»Aﬁ:
BoABENLMEEEZAL TWD Z LRI N
IR, 3.1.2 TN EB D, PBT 7 1 )b AV G s

Test sample number

Initial

PVC-CF PVC-Cr PBT-CF

Fig.11 Appearance of film initial adhesion by Erichsen test after parallel-cross cut.
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Fig.12 Result of corrosion resistance

by salt spray test using cross-cut method.
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fECTdh 270, EEMERIEL O H, SST B8
K, B35, WAL A T A2 EEB LU
N BERETEZRESELEEZHNS.

=74 )V ATZOL7Y —WEEME 7 O A— NILEE
Mg 5 &, SST2000hr #5@HBOEATY 25 —IF
[F1mm OETH O, METHD I ENMHRTERZ L
Mo T, RS IF—MITBWT, 7047 —ULEK
137 0 A— NMLEM ERISOFAEEEZEL TS &
ININD.

SRS T E Oy Y TIVIZDONT,
SST2000hr #%5t#% @ 48 2Fig.13 12718 9. Uil 2
IV U ZBIECTHE S 725 > TILiE, wind
o TUZY —DFRENBDSNBMMo . LIENS T,
7057 —UEMIZYIEH A EDNZREBIZBENWT
b, B FERIIMERTEY, 70 A— MLEM EFR%D
Bigtaez2a L TWD ZENNGM5. DFED, K, BHES
DG EYE & W 2 A BILDEREREEICBVLTD
FIEEL 7R & D RN E S I SR8, B A E N ER L

ERICBWNT
2B

TETHRMEIRE DG RZ T 2HEED3 DOMiEH >
ThwaseEZINS.

3.3.4 EEIO- EEPWURN

FHET 2 — MM O — MR AR RS S % Table 4 (2R
TARFEM A S, WEEM R E U TR —RREIC
mr7DA7U~mﬁM&7Dx~%LEM1H%@
PHEZRF D Z &R T &/,

L EOERNS, SR LZ7 0L T ) —IEHMIZ
WEEMHRE L THEHAINTE 27 0 A — NULHEM
&, [F% O MR B, Tt K M, 0 T, T R T
HEHELTWDZ ENGNS.

4. % ®

B ook i B A D T BRI R U T, SRS Tl
o IR B, 3NV MEENEE INZHE HEE
E, TRy T TR EEEDE2 HEE SO

Test sample number

PVC-Cr

Flat

PBT-CF

Cross—cut
(After forced
exfoliation)

13mm

14mm 6mm 6mm

Fig.13 Appearance of corrosion resistance after 2000 hours by salt spray test.

Table 4 Result of fundamental characteristics of test samples.

Fundamental characteristics PVC-CF PVC-Cr PBT-CF PBT-Cr
Humidity resistance test Good Good Good Good
Boiling water test Good Good Good Good
Formability test Good Good Good Good
(low temperature)
Impact resistance test Good Good Good Good
Accelerated weathering test Good Good Good Good
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[EHERIC T 5 2 & T, B LRI TEEEEMEED
M bEZRB TS/ 72, kD7 0 A — ML & [F4%
DOREREERE T2 0L 7Y —BIEHERRERRREL
o l-iEme LD ELUTOEBDTH D,

(1) BEIS P BRI BN T, Highed o Z IR 12551y
g & L Thmeg/m? L E, 25meg/m* LR TanNIL &8
BT 2 ZEICKD, Mt &M T OFEE MRk L7z, i
- TEWMREMICBIT 2 AN b BRI R, AT
DEBOTHS. Mish Zn) LOAF ALBEFTD/NSI NI
IV (Co)MEEFRBILIGR (F1YV—R) &rd7ed,
WETRICECozhY — R, Zn 27 /—REFTH3I/0
TINERIND, ZRUTKD, HIE FICHBNWTOH 04
REZHADSELZENTE, HY—RTY XY —Di
FT 240 U, KK ER D & s 2 (K L 7=,

) BHEW BRI BT 2 7 1 VAN T EEN 2R
%7z, %1 W IS RA T 552 B E L 10me/m”
PAE, 600mg/m* A FICEHRT I ENNLETH . H
2 HEfE1Z50me/m® DB EITHRD BV ENE SNz
Thabbt, ~ MR AEMENRD > EWMKO /O A=K7
UL D HIET D T & T, B RO B RErE
Zlb LS, BREE MR L.

(3) 1 WeE L B2 BiRfE S 2 TR L7z 7 0L 7 ) —&
ML A, {3 M TEEL T, AU ZZX T LY
CHRBEEFEOD—I)N - —T3 tmEkLz HNT,
A TR E UC, BEERIE E TMAL -RTiciEssE -
NTAINLZREE L. Fido4 THRZEGUET S 2 &
&0, (LR EE D — KB ZE 7« )V A THISEL, T 2
F— NEHOREUIEZ R U /2. BT L 7= b5 bk 7 i
WRIZHEH D 7 O A — NMILEEM & [ O T &AM, it &
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