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Adhesion between Paint and Steel Sheet in Paint-coated Steel Sheet System and
Interaction at Interface between Paint and Chromate-coated Steel Sheet

Norihiro INAGAKI

Synopsis

: The interface between paint and chromate-coated steel sheet in the paint-coated steel sheet system were investigated using ATR IR spec-

troscopy technique to elucidate interactions between the paint and steel sheet. The paint composed of a mixture of alkyd resin and melamine

resin, and the steel sheet modified with chromic acid were used as specimens for the experiments. In order to observe IR spectra at the paint/

chromate-coated steel sheet interface, the paint layer coated on the chromate-coated steel sheets was sandpapered to make thin layer of less

than 1 ym thickness, which was smaller than the penetration length of Evanescent wave. The paint at the paint/ chromate-coated steel sheet

interface showed different IR spectrum from the bulk of the paint layer. C=0 absorption (1722 cm™") in the alkyd resin showed weak intensi-

ty, and a new absorption at 1600 cm™" appeared. Such changes in the IR spectrum indicate that C=0 groups in alkyd resin could interact

with the steel sheet to contribute to adhesion of the paint/chromate-coated steel sheet adhesive joints.

Key words : composite material; percoated steel sheet; interface; surface analysis; ATR IR spectroscopy.
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Table 1. Samples used for adhesion test and adhesion of the Paint I and II coated on chromate-coated steel sheet surfaces.

Sample No.  Surface modification  Paint composition Painting process Adhesion between paint and steel
of steel sheets Paint resin  Silica conc.  Curing temp. Curing time sheet
(Wt%) °C) (min) Scotch tape test Erichsen test
1 Modification A*1 Paint I*3 30 220 10 100/100 100/100
2 Modification B*2 Paint I 30 220 10 100/100 100/100
3 Modification A Paint [ 10 220 10 100/100 100/100
4 Modification B Paint I 10 220 10 100/100 100/100
5 Modification A Paint 14 30 130 10 100/100 100/100
6 Modification B Paint I1 30 130 10 100/100 8-25/100
7 Modification A Paint 11 10 130 10 100/100 100/100
8 Modification B Paint 11 10 130 10 100/100 16-22/100

*1:
*2:
*3:
*4:

modified with chromic acid alone (Cr conc. of 20 mg/m?2)

composed mainly of a mixture of alkyd and melamine resins
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modified with a mixture of chromic acid and silica (Cr conc. of 30 mg/m2)
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Fig. 1. ATR IR spectra for the steel surface side and the
cellophane tape surface side which were peeled off
from the steel (modified A)/Paint IT adhesive joint
in Erichen test process.
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Fig. 2. ATR IR spectra for the steel surface side and the
cellophane tape surface side which were peeled off
from the steel (modified B)/Paint II adhesive joint
in Erichen test process.
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Fig. 3. ATR IR spectra for the Paint II films coated on
steel (modified A) surface and sandpapered down,
stage O: pristine Paint II film; stage 1: slightly-
sandpapered Paint II film; stage 2: deeply-sandpa-
pered Paint II film; stage 3: Paint II film at the
Paint II film/steel interface.

Sample 6
stage 3

Sample 6
stage 0

Pttt
4000 3200 2000 1400 800
Wavenumber (cm?)

Fig. 4. ATR IR spectra for the Paint II films coated on
steel (modified B) surface and sandpapered down,
stage 0: pristine Paint 1I film; stage 3: Paint II film
at the Paint II film/steel interface.

S 1, BBH6 IR T Z 7LD WRILGEEE A3/ X 0,

Pk, =53y vy bIEPBRIED & Sk BIEA P
ETOREETHRBEAHID, RAXZ PLAEHEL -,
ZTORERE, ROEXSIZFEDBIILENTES,

(1) BHERME &S AR T ORBED IR A XS
MILIZRL S,

(2) MR BEREISESIZONT, 7iFy Fig
BED T 27 IILE (1727cm™) DRI E X 5 3 VEifED + Y
7Y VEON=CH (1579, 1549 cm™") 1ZFD <RI & DM
WIREAEIL L, T2 FILEORIGERE DT 5,

(3) #REEREHAEE T, 1600 cm™ ' 1ZH7 72 2RI A
Bha, ZOBRMNIBER TEMISBBTE 22 RHATH
%,

ZDEIBIRARYZ PO, BRIz A7 ILEOR
UREE DR S, BIEM R AR 2 5 il & O F i



VDI ONTEL T BDTHAI», Thed, #H
W BERBATOALIATILEDHDIPIEZ > TVBEDT
A3, BERETIX, E506Thr LR TEHVM,
BIERO 7L F v FEIIED T 2 7 LA & SAE/ER L
TWBHEEEREN, R > —-HhOBEDERE, *A7
LI TIFE AIFEREEDC=0ELEBFETLD
BICTHAEERTZZ L3N LTHDET0, K

12, Cr, Ti, Mn, AlZ EOEBEAIZ AT LE, 73 P&,

4 I FEDC=0LDETC-O Metal" D THEMEHL,
ZOMBEERANRY - LEREDEENIIHFEL T
3710, A O AFBRQE X N 2@ R E ORET, 20
kO LMEMEREZG|IEB I T I3 HATREDS S5 L
THA5, TOHR, TAFLEOWNGEE SR LzE
EIRTE 5,

RS L 6OBEEEMOMRIL, ZOTFy FEEE
DIZFNLELFIRERICHFET S 7 0 LFEF L OB TE
&éhtoorﬁ%é@ﬁguﬁmﬁéa%iéa,t
HRK 6 TIZC-O Cr fADTERAHE LD TH 5 5 »,
FREED 7 0 ABNEORRIZ, RABsTIEY ) » %&6tH
L7zds, ZOY Y B C-OCr #HAaDExIZEE L Tn
D0, BEDEEMREEK-T-FETH S,

3.3 JO0LEBRAEL MR EZBEDIRANXY MV

BHEIZ 2 0 AL - R CHEEERL TH 2 H
HRBENT=DT, HRIZRO LS il 2k L, HERE
MO g% #EH» 72, FREmIC N -T2 - % -2HWT
Paint 1 %46 L, 3RRIBIR CHREHEL 2%, TOBE
FEIZ2 0 ABBE L, 130°CTI00MBEE 2, 2D
KU TER L - BEA IR A2 5308 LELD , IRAN
2 PVEIEDREE L, Ak, SEIOBERARICIE,
Paint IIIZY ) #EBALTOEWL, YY) AERBALEZND
ML, Paint NSV ) ARRBAT B L, VU ADSi-OF
BITERKT B ORI A 1000cm ™ (IR, X7 IV
BiHsO xFa—)L, T& 7 —LEEESD C-O%EE (1117,
1065cm™"), 727 * v FEIED T 2 F LD O-C (0)
A (1255em H ICE DS L EHL, xFu—L, 7
& ) = VEWESD C-ObA, TATNLDO-C () KD
ElbogiAatha e HW L2256 Th b, Fig. 51213,
Paint [10D & & M % fi 1 72 3R JE & Paint 123 Y # & RAL
TIHEEX M- BIEDOIRARY ML ERK LA, YU H
ERALEVWZ LET1000ecm™ i ED X Fu—L, T4
J = VBRSO C-0%EE, T AT ILD O-C (0) MAITH
TIPS - D BATE Y, 71 ARG L O
E#ﬁﬁdo%ht%&&hék%%f%éot%,%@
R L7 Paint i, 7%y FRIEEE 45 3 VRIS
BALTBEDTHY, Fig. 6D &S hRAEE» S
BETH B9,

Fig. 713, BBEREIC 2 0 ,HBRHEIR % 846 LI 1)
7z Paint 1I-Cr & BAED A % B & ) 72 Paint MO IR AX 2 b

31

WRGIROTENE LR 2 1 2 — LRI R E T O AR ORE

— Ester

— Trazine
—— Ether
Paint Il
silica 0%
Paint i
silica 30%
Lt
4000 3200 2000 1400 800

Wavenumber (cm™)

Fig. 5. ATR IR spectra for the Paint II films contained sili-
ca of 0 and 30 wt%.
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Fig. 6. Typical chemical-composition of the Paint II films.
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Fig. 7. ATR IR spectra for the Paint II films which were
cured in the presence of surface treatment agent for
steel sheet (Paint-Cr) and in no presence of surface
treatment agent (Paint II).
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