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Effect of Surface Pre-treatments on the Durability of Composite

- Light-weight Steel Sheets

Yoshihiro MATSUMOTO, Masatoshi SHINOZAKI,

Kozo TSUNOYAMA and Syunichi Tsucawa

Synopsis:

For light-weight steel sheets which consist of skin steels and thermoplastic resin, strong adhesion
between skin steels and resin is required to get excellent qualities. To improve durability of the
adhesion-strength, various surface pre-treatments were examined. Experimental results showed that
pre-treatment for skin steels was effective to get the good adhesion-durability. Chromate treatment showed
the most suitable effect and when the coating weight of Cr is 40 mg/m2, the light-weight steel sheet has the
highest adhesion strength and corrosion resistance. This excellent durability is considered to be due to the
strong and stable bonding between polarized base of PP resin and hydrized Cr-oxide on the surface of
chromate layer. Silane-coupling-agent and organic resin are effective for improving initial adhesion-
strength between steel and resin, however they are inferior to chromate treatment on the durability,

especially on the corrosion resistance.
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Fig. 1. Configuration of composite steel sheets.
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Table 1. Chemical composition of steel used. (wt%)

c [ Si Mo | S Al Ti

0.0022 ' 0.01 0.010 ! 0.008 0.006 0.040 0.045
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R EFTEDKR Z SO Ui, HHwEhe X 285

Table 2. Treating conditions.

Treat- S‘I:?t;;‘g Drying
ment Treating conditions of (g_“:r condi-
No. (mg/m?) tions
1 Dipping type 0 .
zinc phosphate
A-type chromate*
2 (slica) 50
A-type chromate*
3 (silica) 100
A-type chromate*
4 (silica) 150
5 B-type chromate** 50
6 C-type silane*** 0
coupling agent (Epoxy) 150°C
. 90s
D-type silane**¥*
7 ) . 0 soaked
coupling agent (Amino) in air
8 C+D-type silane 0
coupling agent
9 Phosphate type E-resin(l g/m2) 0
10 Phosphate type E-resin+ 0
C-type silane coupling agent
Phosphate type E-resin+
11 C-type silane coupling agent+ 50
A-type chromate
Phosphate type E-resin+
12 C-type silane coupling agent-+ 50
B-type chromate
13 Tin Free Steel 100 s
Iron phosphate+chromate _
14 (0.6 mm thick.) 6
15 No-treatment 0 —

* A:Cr*6 7.5wt%, Cr*® 5.0wt%, Silica 12.5wt%, Reduc-
tion agent 0.2 wt%
*  B: A without Silica

/O
ok C: CHzCHCHzoC3Hasi(OCH3)3
ik P H;NCH;CH;NHC3HSi(OCH3) 3

HMORZEY, vV 7 vvESHIER, 80°C &
AYY VERBCTOBMBIEOH, R FHAE
Bifli% Table 2 \iR3. BROBE & DBEE % L,
MREEZE ESE0n, HDOXMBEIL Y = £ — |
AEI TR D Z LRI HMBATHBD. o, &
EWMR OB LMK L BBy A LI s i, =
FUMBICEE? v 2 — FBERTO LR ETRIL
oo =H, v Ire A RTHMEELTYI v,
7V v IR E BERAEY BRE LYY, bk hb
PEERDMEDS BEFhcinz sz, No. 113 Bd —igp
Y ABERMETHY, HREEFEALL. 7r 4 —
FABFE LTI, A, B o 2fEEAFEHLE. 2/
LHRBRUH T HY, AFIL6fiz = & 7.5 wty,
3fiz = & 5.0wWt%, >y 12.5wt%y, BEH 0.2
Wt% TERD AR LRB LD THS. —F, BFILA
FlED ) 25%RC b0 Ths. UEH (A) oo
D ik Cr*® OEHIMEISELH > DTH S, No.
2~4 DIy v 7 AR —UEH] (A) ZFNT, 7=
AERREZIDDTHSB. A, B Wz 17 LL%H
HoMHERCTHD. vSvh 7V vy LULFrsve
B3) XCLDD2@EAFERA L. Caa 71k -7
YUY FF T REALY 2 b YT UTHD, —iR
IR=RE VROV FVEITHE. —FH, DaA Fi38kE
TSR IDHD N-B (T3 /=301) y-73 )7
BEALFY RNV TISVDT I 2RTHD. ME No
10~12 43 No. 9 DMBHNIC 7 = 2 — bRV SV, 7
vaﬂ%ﬁﬁbtﬁﬁﬂﬁﬂfﬁé.m0§®&ﬁ>
T, M No. 13 OF 4 v 7Y —25—1 (LUIF TFS
LBET) & No 14 D) ABE+ 7w 2 — 1} ) vART
BHEEMTHS. No. 14 OZYTIRE L 0.6 mm &l
S X Y LBz, T ¥ —acoish ki iz
W, SEAKEE AR O R AR E D BIE D R {E
Lic. No. 15 3EMBiEH, BAEOEFDOLOTS
5.

2-3 fERHEAE

SR & BE 0 Ao 5 85I1: 0.6 mm B PP % (i
Lic. 7%, ZOBRIERE DBER 5T 579
T, BEMAMEA L ThHBHW.
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HT & MR (PP) L oRh&wwiy, EBEDK, 7
VARRERFER L. Ry T L A%MEY Table 3 1o
AT 2O THIALEESEN © 0.6 mm Eo kS A B,
MBEE L. TEDIY OBBEMKOKELH 2 5 7-
DI, 1mm ED BIEMKE A < —+—L LT FEHL
foo EBBROF Y I ML, Fy b7 URE, HRbick
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Test | JIS K6854

condition| INSTRON type tensile
testing machine
Temperature: RT

Tensile speed: 200mm/min

150 5
S
Test g
piece
size ﬁ
(mm) Tensile
direction

\Y%

Fig. 2. T-peel test condition and test piece size.

Table 3. Laminating conditions.

Item Condition

Instrument Hot-press machine

Electric heating

0.6 mm PP sheet

0.2 mm Steel sheet
Steel sheet : 200X 200 (mm)
PP sheet: 150X 180 (mm)
Spacer : L.LOmm thick.

Specimen [0.2 mm Steel shcet:I

Pre-heating ‘ 200°C, 3 min, No pressure

Heating ‘ 200°C, 3 min, 20 kgf/cm?

Cooling [ Water quench

Table 4. Conditions of durability tests.

Test item Test condition

Salt spray test 35°C, 5°%NaCl,1000h
Heat resistance test 80°C,in Air, 1000h
Humidity resistance test { 50°C, 95%Humidity,1000h
Dip test in hot

water with-NaCl 50°C,5%NaCl,1000h
-30°Cx3h
Heat-Cold cycle test 1cycle,40cycles
y 00°cxsnd' y
(~30°Cx4h)+(80°Cx4h}SSTx 24h)
Composite cycle test L 1cycle ]
4 cycles

HBLi. ZOKGIEGHEEC L EENTOEL %%
To{ FHDAT O, BEBOF Y I ARBEE R & L
T, A5 A PREAW.
25 ERAEZE
BEMRKOESE T JIS K6854 1wftys, T v — il
EELTRDE. Te—aARBREES XORBRAHEY
Fig. 2 1R, EE BERERO —KELWE L it
AT A PROZREERE L RDI. Ink, BEIRE
WERICIZBE O A b, HBHRBLIBEE L. &b
W “REBEEREUEELOLMERR L0, MAFT A v
DERARI B RDI=. AT A &% Table ¢4 &
AT AT A ELCRIEAER, WEy, e, EE

E 50 |
£ I
& | =—==> chromate
N ! B,50
s, 40t | (Figures show 1
~ | | coating weight of
— . 2
- : Cr in mg/m
S 30l - !
= [
o I A,100
- i
» 1
% 20 'a,50
g Not = i A,150
\ treated [
]
= 10| J
S Zine |
— i
= 1
(=4 I |
—_ o L 1 L i 1 L 1
15 | 2 3 4 5

Treatment No.

Fig. 3. Variation of the initial T-peel strength
with surface treatment.
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Fig. 4. Variation of the initial T-peel strength
with surface treatment.
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Fig. 5. Change in T-peel strength of light-weight
steel sheets having used chromate during salt spray
test.

FThHote. —H, vV »uEMIEH (A) 2FHL
ferv 7S (No.o 2~4) %, Cr {5 & 100 mg/m?
DI No. 3 3z d BIF7/c#5 NHmLich, 3%
LM AmBETH Ok, Toks, MBHIATI1E Cr
& #EAH 150mg/m? (No. 4) 1/in? EEENIETL
7o

—J, v7 vEM (No. 6~8) Tix, No. 8 » 2§
BEZA 7D —REEBEN b KE/afE (29kgf/25
mm) %R L7z, No. 9 o b AFEREEERR (1 g/m? &
16) O TNk 17 kgf/25 mm LK, B S Rk
THDk. Lal, vIvE oC k EE& 35L& (No
10), BEENIKREFEI N, 40kgf/25mm ) g
MESREEAE bt 7o, 3FEOBSMEH (No. 10~
12) &g TFS (No. 13) o235 134U No. 11
FERC, #9 40kgf/25 mm o EEEE IS B,

IRBORRID, b ABBESNMIM ST, THL
MBI X o EETIMEL, Kk, vV rEREE LR
W7o oA — NLEF (B) o5 v L AEEIEE T,
Ihbbkrze - LEOREGURI-REEBRELYKE
BB &P,
3.2 ZTREBBE

Fig. 5 B & 7 = 2 — + B O EAEER
B x5 T v — Ao bdmd. 43 No. 15 o
ALBRFF L 200 h BBk, SRR SR & L Tk
D, TAMEY S b 7cdICiE, A% VR T HIAE
BT A EANER EHRLTWAS. 7 et — MLE
M odTcit, —RBERENR S SO No. 5 (LE
¥B) % 200h #EF L, AFIRFERH LY S
(No. 3) & 2 7l 7oofe. AFITIL, Cr fFEEMN

E 40
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Fig. 6. Change in T-peel strength of light-weight
steel sheets having wused silane-coupling-agent
during salt spray test.
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Fig. 7. Change in T-peel strength of light-weight
steel sheets having used composite treated during
salt spray test.
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Fig. 8. Change in depth of corrosion invasion
from light-weight steel sheets edge during salt
spray test. '

A 18kgf/25 mm CTH ot Foks, HEBHIER
o No. 9 » No. 10 1% 200h %832 &, EEHn
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LOBESMEFLTyS vDFIOREMAED JE T 5
fe. ek, vI v CHIOBRNE R JUFKBIR L DR
BRI REZEBEDETHRENZ LA L 7.
3-3 HBARE

Fig. 8 WHRBRARE L SOHBRAEILRT. Ik,
FEORARRFNL O THOTE, RREILFAL
fo. TFS IIGFEDORANE DL R &b BIF TH D,
782 —3EEBIEYY S v EDEAEUEBEHITE\T
1000h #FBHETH 2mm DEBANRE D bh . —
F7, 7mA— FERAERTIXAFRK 2mm O
AR, BEITIRH 4mm DEFRANED bR, o35
VLB T, “REEBENSER L b0 D
MEERNTD, WHED D OFER AR TILb 50
10 mm JPJE& k&7 Lal, Fig. 6 kv 15
kgf/25 mm DEEAH TR Y, BRANDOE LD 2N K
EVEEbh3d. DA+ 7R A—1F Y vRHE (No.
14) LG5 ABREA 8mm LI EEXKEL, A+ VERIRK

Table 5. Conditions of chromate treatment.

TestN ;;fece C”“g%’ évreight fe ﬁglacc i}:g;t i Hﬁii:s

(mg/m?2) (o)) CC) | (s)
A 40 120 | 60 | 5
B 60 120 | 60 | 5
a 80 120 60 . 5
D 100 120 | 60 5
E 40 ©o20 10 5
F 40 300 140 5

Table 6.  Effect of treating conditions on
adhesion of light-weight steel sheets.

Treat-| Treating T- peel strength Depth of
ment | condition  [Initial |After durability| €©Frosion
No. test (SSf.lOOOh% (SST,1000h)
1 Dipping type zinc
phosphate X . —
A-type chromate
2 (Sitica) O O o
5 |B-typechromate| © o O
C-type silane
6 |coupling agent 0] x e
(Epoxy)
D-type silane
7 coupling agent | O O X
Phosphate type
E-resin O X
Phosphate type
10 |E-resin«C-type
silane coupling (@] X X
agent
11 |No.10+A-chromate] O O ©
12 INo10+B-chromate| © © o)
13 TFS o © ©
14 Iron phosphate | —— _— X
15 |No-treatment X X X
T-peel ( kgt/25mm) | Depth of
Mark linitial | Durability |corrosion
test (mm)
© |=25 =20 =2
QO | 25~15 | 20 ~10 2~10
X |15 10 = 10
DOTFHME L L CEAHETH O

LEDOKR XY, BERE, MEFEksd TFS 2%
BIFTHY, Dnwtrri— oSy, HEEIEED
SEHEAMNIEL 7 v 2 — F EERME B 23IZR U Ch o
fo. TES e — PAUEERD AN 7 » A 16
Yhiiel, 7 e rOBHERBERIDTHSD. Ll
TFS (RS MEEAE L i bbb, HBESH & LT
WETH BB HE DD, BFEIERE TH
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Fig. 9. Initial T-peel strength of light-weight
steel sheets having used chromate-treated sheets.

30

Salt spray test (35°C , 5% NaC4)
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Time (h)

Fig. 10. Change in T-peel strength of light-
weight steel sheets having used chromate-treated
skin sheet in durability test.

5. DDLU LY 5 2 fo\ T AL
HYLOBENR TS, A FHAESEM L LT, =
WEEBRER LOMAREND 7 v 2 — L ROBKDS 5\
v vREEBE L OBEAAENFE LW E R bR
5. Lal, BBETRCSWTAEYT S DL, B
DEY T\, WORERSLMEEDORNLLZ v 2 — D
BBRABENFE LW EBbh .
34 BE/OA— MUEBERGEFOKS

Table 5 WARTHEETZ » 2 — PR IT\, BIBET
BAYRELCEE C R LBBRAEEER L. &
¥, MBEHNT—K, ZREDKREREENERLICBEK
& U7, Cr 5 81% 40~100 mg/m? sz se {1 3 R
v Lic, A% VEIIRE T OB 2 BN d

§ £

S £

8¢ s

57 4 Salt spray test (35°C, 5% NacQ)

o+« |[oaap

EE 3hos AE A

E_‘ g ZLOC AF g.k_-———:_:___"—m

vot oﬁg

§¢cof —_—e .

g2 AAA

X O L L . ; i )

g E [0} 200 400 600 800 1000
SST(h)

Fig. 11. Change in depth of corrosion invasion
from light-weight steel sheet edges having used
chromate-treated skin sheet.

50
40 Heat resistance test (80, Air)
O
301 TTTNO— )
20}
E l o 1 I L 1 1 1
£ Humidity resistonce test
B 4or o (50T , 95 %Humidity)
S 30 © ° ©
o
X 20}
'g I o i (] 1 ~ 1 1 1
§ aol Salt spray test (35C,5%Nac2)
7 30} O\C e} . o
® 20
Q. .
l I o 1 L 1 L 1 ()
= 4ol DiP fest in hot water with salt
o (50C , 5%Nac2)
30 TT~o
\O—ﬁ.o
20}
l 0 1 I ‘1 1 1 [
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Time (h)

Fig. 12. Change in T-peel strength of light-
weight steel sheets having used chromate-treated
sheet during durability tests.

DrRE A ER L7 (Table 1), Bs&¥Dky b7 U
AG&MLRE L L Lz (Table 3). —REBWEY Fig. 9
R SEOT A PR3N T 20kgf/25 mm ) Eo
BENYR L. bTFncixb s, Cr fFENSL
1% L HEEREMNMET L, REREENEL b3 IHE
NMET L. —wEsEmeEs Fig. 10 wRd. HAHE
BRB T, w2 — P OfPER, TR X5 EIER
BDHRF, 1000h #cdiziE 20 kgf/25 mm DFEAE]
B E b,

—7%, Mit#s =+ ik Cr FEENEL, LodbEi
BEE2Y B\ AU A 1000h o 5 2 b 8% 20 kgf/25
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40 Heat and cold cycie test
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D
S
% 40 Composite cycle test
: (o]
K|J. 20}
= of
0 1 L 1 1 L
(0] | 2 3 4
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Fig. 13. Change in T-peel strength of light-
weight steel sheets having used chromate-treated
sheet during durability tests.

mm [ EOEGEEYR L. VRED DOREEOE AR
X% Fig. 11 @wird. £k &% 1000h FEaficisy
Th, #2mm THOBAIINZ bh, bThTiids
7, MgEdsmEL (Fig. 8). hixk# Cr %
BLEE, SAREOoZROPREREEZORS.
3.5 BEVORE

3-4 DIETOMBEY S LBEEREO A+ VEIERAT
WaEZ 7 = 2 —E (Cr B&E : 40mg/m?) DK
BERIFELWEHB L. 2o CcHBEES 1 v T
BEMROAF VEIRIC 7 v 2 — PALELXEL, ZDH
WEBEAHES 1 v Tl Ghbel. MARRI XS
Tve—rEORELEY Fig. 12 & 13 &iRd. WMAT
A FRTO—REBEREL 30 kgf/25 mm [ _E o E\EA
Bk, 1000h BB VTETNTDOF AT 20
kgf/25 mm Pl EOBWREERENSF/ bR . 7o
T HAEBRBR T —RBENTLALET 2T,
1000h @B Ch, 30kgf/25 mm )o@\ s
B oz,

4. E =
PP v — 1 LR E DBEBEBCOWTERZTS.
W B & oETRERW

1) hTRE: @& BEEnahs.

2) EETE  MIREBIR L oBEERRC KT &S
DI

3) BETE : BIEEOBRERE L

4) WEIGHRETE  BERLOBE THRINTE
T B PIERIG I D R

EVHEDDTERDS. COTRORI-OLRETS
BRI OZDRENIOFMTH 512,

A —REEE=FNF— (LA, 14 VEE)

B : A FEkEA=R ¥ —
D3 HLEENDORBIIAD A & viEEORO KRR
ERKEITHD. BETRL) DMK EBIEEDEH—
mahiEa 7oy, BRI Lo BRI hnsk
LT, MEE NS TH50ENRS. COTETEIY S
B5ZETHMREBEE DRI IbrEBEIRS.
RO RIFIRZEN2) OTHREKRELRFEY 5 %
5. 2), 3), 4 OTREIBEOKMEEE Tk T 5
5. Tiobb—EREN kom#&Eirco 2), 3), 4)
DITEIEENTERET D, SEIORR T, MEEE
X—ET, Ldad, BEFELE LTCIKREGEFRA LS
Eb, FELUT2) OTEBIREBT 58O FHAE D
BELRILOTHS.

£ FHAE D #5H 3 X 00 i © R ET DR %
Table 6 wZ Lt » ABRFENNE No. 1) Tig,
—REE NI O EESREL T Ch oy, Zhid
D ABREHIE BEDBE ST oD, R BRI SR
BEAIHEE IR WA D EEbRS.

7w A—bPABZ L5 —KRE IOZRkEEER OB
HELTL, 7wr 22— MEREEEBOKMME 2 v AERMEY
(Cr-OH) & MEEAE © ¥ ((COOH % 7cix-
OH) & D[S & 2MERKEVHRShDd s B
bhb. 7ex—vAER (A vy 28%) XBHX
D —REBER EOBHEIT/NZI VD, chiEv) »%
i, FEZEL THZLIRETHY, PP
BEN LD NIRRT CHESEE IR, BVEEBRE
HE LR Wie»EBbhs., Lbl, “REBERHET
Bilk, Hpicumiin b ORISR SEE CH oK. =
iy ) »EBCLL7r 2 — v HEFD 7 v 2BEHD
MHRERBF LS Lic s Bbh s, AKX Cr (%
B2 100mg/m? % 2 5 LEENOETHREDBIS
2, THIEBRLA X S RABEEOHAR X b HIELE
{7y, BEAGROBEEREETHELSDEELD
ha., —F, YV »%EEFLVBEIZEE,I EL, L
PAB R B T-DRRE—REBHRENME bR &
BEbhs., I oCTHEIBEC? EBATHEENRE
I eB0T, BHLMNEECRHBEIFET I LT
th.

VI VEITERERE L ARERE L OB AERILL, B
BN ECHERD B LB TWBY. LiL,
¥ 5 VRORDNE TRAEECENRSDE(7 I 7 R)
DHRP_REERE R B RRD bhias, Fig. 8
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Rl 3B I o T RELFERA LR D b
n, BBEAOEL EAREVE-bh, et CHE
230tz 1g/m? BeAi OF BB HRLE Cii—k, =
WEDBEREDE LA eh D7z, TIIXBIEL K 52
<, Lrdb#KcEcdic PP OBET X b EVE
ETHEN IET o LBbhd. 10T, BEE
DBATEAHERL LT HRAH CREEREO R EIXE
Dl nEEZbhD. BREHEEEL v vE L oBEFLE
N ThBEBME Xy, Fig. 4 7T cRbh2 X5k
BRI A S RBRYF 2 0k, WEOHCHEDR
BRI Y, BMELEREIER IhcD LBbh 5.
Ll, 0L ERRUE T, 77 2 — MLEL
B EWMEWENS ) HFEFLRELLT V. EOTHE
Be@Ehsbrzer— s ABBRBIERLY S vh » 7Y
v 7RI RSB AR ICEALEC XY, —REEBRER
L OHREEB AP L O HIC RIFISMENE DD TH
55.

5. §&

ST L BATIBERRIE A RS X B B BT SRR &
BlE L EBECEE L THD TERCEEIE DS,

s

2o PP v — R OBEENYAEZES D

T, A% VRO THAECOWTRE LCER, UT
DT ENHB L. \

1) BEMKCHIAME 5T 50, THLE
B AF VIR T AN BETHS.

2) A¥ VRO THMEE LT, TFS £ 7 r 2
— FULEABL TS, ThBOMBERE A+ VI &

T35 LT, B o BERR A BET S LA
BThsb. IhOOBEBMITAT A + BB VTh
RELBEBENREL, BhicAELERT.

8) 7srmx— iy G HNES 40mg/m? DR
T, MOKRERBEENLARL, AT LERS.

4) v vhy 7Y v ZHEIRERENRO LR, o
WREBE L D—kEFNOR B3R LH D0, WA
ML WA T s v A — LB X O KELED, B
BSBUR O FHAE L LT T TH5.
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