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On Surface-Treated Steel Sheets

Yoshihiro HisaAMATSU
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Fig. 1. Distribution of E-pH measurements of
natural aqueous environments.
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Fig. 2. Effects of pH on corrosion rates of iron
and zinc in aerated water at room temperature.
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Fig. 3. Experimental E-pH diagrams showing corrosion domains for common eight metals,

Al, Ti, Cr, Zn, Fe, Ni, Pb and Cu.



X WE AR MBI DO WT 1721
Fe Cr
Fe+Cr
+2 +2?/’ /§<Z22; 2
4 Corrosion, Cr (V1) a
-~ S \\\
+1 - =< - +1 +1 \‘\\\
> I, T~ J \h‘\
L:‘ Passivity + z | R < 7 {
0 W Passivity =
O ~ l O
[ Corosion/ ~ T~ . ‘\\\\ .
-1 | % —1 ECorrosion ke -1 B
Immunity “—
PUNITUR S N TS N (SN W N B N 1 = I U WU S S | L 1) 3
-l L a2 1 ' Lt 1 3. 2 1%
pH 0 7 14 pH

pH

Fig. 4. Overlapping the corrosion domain diagram for Chromium on for Iron in order to
assess the relative corrosion behavior of stainless steels.
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Fig. 5. Improved SenpzIMIR continuous galvanizing line.
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Ferritic Explosion *\»3 E#¥Ep\fFhb. ZDEHE
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3. RMELEMHK
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Lok, BERDOEMIR, BEo->XMl, BEEMK
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Table 1.
sheets.

Classification of surface-treated steel

— Electrotinplate

- Tin free steel

- Electrogalvanized
sheet

I- Composite zinc plated

~Electroplated =~ —— sheet

steel sheet LElectrolytic copper—

plated sheet

~ Galvanized sheet
|- Galvannealed sheet

I Zinc—aluminum alloy
coated sheet

- Aluminized sheet
Terne sheet

Surface treated |-Hot—dip coated
steel sheet 7| steel sheet

Organic—coated
or laminated
steel sheet

Paint coated sheet
[Film—laminated sheet

DBEMERDONDZ EDS\. BEDLZALERD

S\ IRk O XD HRERIRD 5.

3-1 HMENR e« BFM7ILI « Zn-Al AEHDOEMRIR
Bife © B AR O 211 EERYC TX T A SENDZIMIR

Process i % &S\ T\ % (Fig. 5). BEpilpE © Ha+
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HEFE) HEDOSZ v FRFRT, Zhit Galva-
nizing Plant (5 X h i3+ U v AL E WD T K
NI EXBETIRLIAZATHSZ EXRFEKDOL
EAnbEELh D, FEHETHEIEE VI EE, Thi#
FAT B DT T, BBYOCRRTIBHL T
ZFRE, S0 EERL R0 5 1 v oOBREY T ARY
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1933 4£0> SenDzZIMIR T D OX S A v D 5 A v HEE
HABV DL wiping DFEEHAGIeh ol b T, BE
T Ay AV (Fig. 6), BHoowb Ex b EH
ETEY, FOBRRELTARY 7 AREL IRV
ERERETD. ARV I7AEIIBHRHEEY S, 51
VEBERTHE LTAETHS. BELEE 0.15%
Al U k&L, ZhickoT Fe-Zn &&BREI M

Aluminium content (25)

Fig. 7. Variation of phases appearing as alloy
layers with aluminum content in galvanizing bath
and with immersion time of steel sheet in the bath
held at 465°C.

hs. BETHE L TEN-ALLHEHDOX (Gal-
vannealed) 13I8ER % Al<0.15% 2 1L, Ehrop &
ThBEMBT 5 Tt sn5 (Fig. 79).
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Bethlehem Steel H i BREOCDRERBERY? i &7
&, 55%Al-Zn H&H O HHRE L. Fig. 3 wh3
o Al 12 Zn XV EBEOBRETHE 2%, Zn-Al %
iR 7o Al-rich & Zn-rich HHOBRAENH
eh. EH Zn-Al ZHoXix 55%Al-Zn £&L, 5
% Al-Zn 5D 2R M TH B -

Bal Al o212, KIBRBHKHM Al 0% (AR
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Al-Si Alloy Coating

55%Al-Zn Alloy Coating

50um

(a) Exposed for 10 years

Photo. 1.
exposed at the same industrial location.

(b) Exposed for 6 years

Crosssectional views of Al-Si Alloy coating (a) and 559 Al-Zn alloy coating (b),

Table 2. Relation between surface appearance and kind of intermetallic compounds grown

in Al-Si coating after heating.

Base steel Low-carbon rimmed

Al-killed

Heating condition Surface appearance

Intermetallic compounds

Surface appearance Intermetallic compounds

As hot-dipped Glossy silver (Al, Fe, Si)H

Glossy silver

(Al, Fe, Si)H

400°C X1 000 h Glossy silver (Al, Fe, Si)M

Dark-gray

AlgF= Al;Fe;, AlFe

500°C x1000 h Dark-gray AlgFe,; AlFe

Dark-gray

AlsFe,y, AlFe

(Type 1) »BFEI N2, Al-Si 4> D E
DOXRKERBHACES Z L DEE A OER T B.
Photo. 'z [l — T ¥ KKBZE I Al-SI %
DF (a) & 55%Al-Zn 0¥ (b) DEEORAIR
WERLE. Al-8i 0% Ci3 3pm E044H (Fe-
Al-Si ZRLEY) OERYE L TEMBMOK A S
¥50, TOMEROBRAERYI AT, REMC
B THEAMOERAEENCSLBEFINBEINRD. 55
%Al-Zn 54 Tix, Zn-rich HABENCERL, =
N L OTEMMIL - SR I FIOEEE CLILEH
Galvanic Protection # 513 C\wv2% = &t (a) &< 6
NTHRTH DD, S8 Zn OFRERYH BRI Al-
rich 2L EFBREDH S Z L LbRS. Zn ¥
DERCLD N Y~ FIRIZTKRGBRD & & k& 300 ym
DEBEE TRSM, MIC Zn % Galvanic R &
SRDLND, REELEAZEITEIRE.
Aluminized sheets &\ 5 3 DAV EEEER LD
DT, TOZ MO LN, BHEMALLUEKL D

LB LD—DTHB. Al-Si HE&HO XIS
RRBLoOBFEbLh 5 LD TH S, Al HH, Al-Fe &
4@ Al #EET5 Fe fowWFhiFhFhofmH
BECEHRBICHLS. Z0X 5 KARO—2IEK
RS DH, TOBEITELRTEEREETT Al Ho
HR»MFEIch B ENEERD. L2 AP, #EEEHMO
Al BDOZHMIIEERDO LD L D EEBKRI KR
BREDRLTVWEDTRERRKI D, £DOZERL BN
Txh%bE, Table 2 DX 5T, Al HOX MWD & E
HFHTOKBEEIL, 2D EFp Al-Fe-Si =%
{b&HBO Lo n s vk Al-Si #BBHIEET
&5 b0nb, 6D Fe-Al A& THE
Lwextintd s (Fig. 8). BE(LOBMAERE 2 EREY
A FEBT 480°C, 7 L 3 %L FECIt 380°C LK< /& 3
T Ehbhote. TOBEBREELTOmME € IER Al
HOXORMMCHRIN 58E R ALO, HECIIR
B LR S hREIERACEV - TH
5. »OxER Al L3 Fe L oHEREFVERE
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Fig. 8. Growth of Fe-Al alloy layer in Al-Si
coating during heating at 400°C, depending on
the steel base.
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D =k XD barrier (TR THEHL .

Al-Si 0 X O AR BB EHERRO— MK
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vA— 2 BAT L EE, BERERESBERORE L £
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MNhL. BHOEE T e 75 ARKETHLEI AThH 5
2, FLOHOBRCEBTLONMEDOI E® Th
5. THhER L HERy EEEMcE Xz 5750
KEbHHO2OH 5.

Al-Si HOXMTIL 2 AALDEET, TDOLEKT A3
=T AEIAIERBTENTES., EREFERDH
WOFERTH BN, FLIZS A 5 EROMRBIER X
5.

3.2 FEXHOX

BROOETWMNORES & LT HEES R FKE LI
WMo % . HENE A RELEERC >
WTIAFRBRESEOFM: review' 25 %, BHEIESN
Wi RHEAEMER L SO BERI LB TS LS
L, MERERAOB A REE LTS, B ERRFIE-
BiEHM L5 b ik, HERET D BIR T 2RARM T
By, BEFARCLELDOHRNE DR TERW,

HBEONBEOEL SRBIERFC TELBRZITS
EWBH T ETRELTE D, RAE~DBREXRIR
WhiF L TE . B~ EELBEEELTEIIC
BALT WRHECE FEY)BELTIEREDD D B
DOLFERED LD, FRTOAEBARTFEVS T E
Weotz. 2T Body Panels (R HIOARMAUE X
18Rtk % Steel Mill BIATHONREKRTH 5.

A AL I BERC b ikt A0 BRI X % BEH
BB D FOEMCEA (scab corrosion) D& H

Steel Mill Carmaker
Top Coat
Intermediate
— E.D. Primer
Fe—Zn Fe-Zn Phosphate
Fe—7n Fe-Zn Phosphate
e AL E.D. Primer
Top Coat
Intermediate
E.D. Primer
. NTTTRTPITITINOITN Phosphate
Zn—Ni Zn=Ni
@ Steel — Steel
ZnNi Zn—Ni
dine—rich | | Z'“C‘”Ch """" Phosphate Fig. 9. Typical two-side surface-treated steel
E.D. Primer sheets for automotive body panels.
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Thix, Fig. 9 @RTo0&% »HOX Wk EHAE
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Fe-Zn 54 B XD O EHKY & Zn-Ni H54£EBH D o
WMV THB.

3.3 ZWMEMIE (FLHEMLRT)

IR, 5 13— MBI, ERBRESEMN i K A T
&, RHUIDOEXERNIE . ESILEMER DD X
Wiz2a—1 - 2X—2BELCEFOEBDT L AT
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5. Fig. 9(2) o}y Zinc-Rich Paint &3z -0
HHZFR TV 5.
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AbERBIIS FeSny, 2~ DOXHMRICHT 5 Fe(Ni)Snp 2 &

BEOFTHB. Zn-Ni FEERID o512 7 AEREHT Y, 2O
HOWMAEBEZ» S DICBERATHII LS CBbNS.

H O LA SHEI THORDLTHA S, #EgT 1
v EHREC X D BER BB 10 pm LEE OREY
DERERC L HNFEZ L HDOT, BEEVSHD
7 HyO, O ot UCERMO R L 120D
WX S5THD. 2T T v ERERELEMBRIL, &
BETICRF 200X GROBRNEL VH5RMBEN LT
¥OC, HEMKBTHLIBEREDODI, SHKELE
KOBHOEABERIROLNLTHAS H.
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