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On the Corrosion Behavior of Painted Galvanannealed Steel Sheet

Yasuhiko MivosHI, Katsuyoshi YOSHIDA, Tadao AzAMmi,

Tatsuya KANAMARU, and Sateshi KaDO

Synopsis:

Corrosion behavior of electrophoretically coated galvannealed-, galvanized-, and cold rolled steel
sheet was investigated by salt spray test, cyclic corrosion test, 59, NaCl immersion test and heat cycle
test. Galvannealed steel showed the best resistance against rust formation, followed by galvanized
steel. Brown rust developed easily on cold rolled steel. Galvannealed steel also has the best resistance
against blistering and galvanizéd steel the worst. This was confirmed by the direct observations of
film exfoliation of specimens partly covered with clear lacquer in corrosive environments. According
to the electrochemical experiments galvannealed steel, although its surface layer consists of Fe-Zn
alloy, behaves like galvanized steel on the early stage of corrosion. Zinc corrosion products cover its
surface under the film and suppress rust formation.

Scanning electro microscopic observations revealed that on galvanized steel Zn/phosphate interface
under the film is attacked by OH- ions formed by cathodic reaction. This results in film exfoliation.
On the other hand Fe-Zn/phosphate interface on galvannealed steel is not damaged easily by OH-
ions because of the roughness of the Fe-Zn alloy surface, which brings about good film adherence.
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Fig. 1. Specimens (in mm) No. 1 Partly coated
sheet for salt spray test and immersion test,

No. 2 Bended and erichsen worked sheet,
No. 3 Specimen for Instron type tensile test.
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Fig. 2. Percentage of rusted area on specimens as
a function of electrophoretic coating thick-
ness after 33 days of salt spray test.
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Fig. 3. Amount of zinc dissolved through the
coating into the solution after 14 days
of immersion in 59, NaCl.
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Fig. 4. Diameter of the biggest blister formed after
14 days of 59 NaCl immersion test as a
function of electrophoretic coating thick-
ness.
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Table 1. Results of cyclic corrosion test (Salt spray
24h 2 heat cycle 24h) of 10 or 20p
electrophoretically coated specimens.

Corrosion resistance
Specimen
4 weeks 6 weeks
Part 10 {20 | 10p | 20p
Flat 4 5 4 5
Galvannealed Erichsen i ; 4 5
steel sheet Bondod 4 ° : >
(30 g/m?2) ende
Cross cut 3 3 2 9
: Flat 4 4 4 4
Galvanized Erichsen 4 4 4 1
steel sheet Bended : 4 ¢ ¢
(120 g/m?) ende
Cross cut 9 2 9 5
Flat 1 1 1 1
ggcle? §ﬁ£§f Erichsen 1 1 ] ]
Bended 1 1 1 1
Cross cut 1 1 1 ]

5: Not changed, 4 : Blister, 3 : White rust, 2:Brown rust

1 : Brown rurt more than 50%
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Photo. 1. Scanning electron micrographs of fracture surface of specimens after tensile test. X330
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Photo. 2. Scanning electron micrographs of the surface of uncoated specimens. X 3000
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Fig. 5. Variation of paint adherence with time
during cyclic heating (100°C 8h 2 50°C
humidity 1009, 16h) evaluated with a
taping method.
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Fig. 6. Corrosion rate of steel and zinc metal by
salt spray test.
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Fig. 7. Current density-potential curves for uncoat-
ed specimens in 59, NaCl (100mV /min).
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Fig. 8. Current density-potential curves for 20
electrophoretically coated specimens after
120h immersion in 59 NaCl (100 mV/
min).
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Fig. 9. Variation of electric resistance of electro-
phoretic coating on specimens with time
during immersion in 5% NaCl. .
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Fig. 10. Appearance of galvanized steel sheet
coated with clear lacquer in 30y after
salt spray test.
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Fig. 11. Appearance of specimens partly coated
with clear lacquer in 30 after corro-
sion tests.

Galvanized steel

Photo. 3. Scanning electron micrographs of white rust formed under the film on partly coated
specimens after 9 days of 5% NaCl immersion test.
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Photo. 4. Scanning electron micrographs of the surface of partly coated specimens after removal
of the exfoliated coating film after 9 days of 5%, NaCl immersion test. x1000
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BEELEL Sb®S L, OH- 1 + vOfEHic X 2 8E
LML E OHEE, WIESRR CIXLRR R/ IR T,
Zn »OEXEE T D OXE/MEREKERAT TR ST
Licike s, »v— VR &B/UEEAROSEE
Tz oT OH- A+ vaAdEU54, Zn DOEHHET
O REHE I, BIEMNE T OH- 1+ v EIR
LORECE CEWIRBE/ERL, DHe LD,
3.7 WMPAAVH

3.7.1 5%NaOH KWK 5 \EEM OEE

525318 B R
BEERAY Fig. 12 iR Lic. 5%NaCl KT

107

Galvannealed steel \ Galvanized steel

Current density (A/cm?)

107
-1.0 -1.5 -2.0

Potential (V) vs SCE

Fig. 12. Current density-potential curves for un-
coated specimens in 5% NaOH (100 mV/
min).

o (Fig.7) WhigTs L, Zn ROOSHWWOR
BB less noble fil~FH, nOMBROAENEATH
%, Br-pH EWiw Xiud, Zn 1 pH>12 OB+
XTI A 4 VO b TESECENL, PHEMD
rhiige ¢ less noble fllic b 545, Fig. 12 13%
LT HEINLEY OFRELROTHS. Gk Zn
B0 XM O RIBILEREMN, HMBRONE L L IERL
Zn BHOXMRCELLTR D, KAEBO Fe-Zn £&
7 AR VBT Zn LRICEER TS Ehbhnb.

3.7.2 BEOW 7 A VL HEE

OH- A A+ vVIRIABFEDOITEELSOTILMMER T
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Table 2. Results of 52, NaOH immersion test
(30 min) of 20y electrophoretically
coated specimens evaluated with a
taping method.

Specimen Grade

Galvannealed steel 8, 5, 3, 2

Galvanized steel

Cold rolled steel

10 : No film exfoliation
1 : Complete exfoliation

HET5HBT, 20 OBBZREM P HEED 5%NaOH
KIEWRWCIRIE L. 30min %1 Bl & FIF kL,
RT =T A R{TOTC BEE S MY i L Table 2
R L. ¥Rl Zo 5 & SRR o B KR 4
EESBEL, 7409 ) OERE LCRL 5. BIE
SRR EBI LB LT v, 2 0RBTIIRIEY @
LTRATS OH- 1 4 vH\ER%R RITTH, BIERE
TRWERNAE bRz 21X, Fe & Zn roff7 A5
VEDERCBEHRN DD LBl s,

4., = g2

IS

H&(t Zn DO XML, BEB O AN T b b
RETOBES S h, B B30 s+ 5 i g
HEodThTunws s B bnicicolk. ol
TOWTEET B, T TBIEMR & IR Zn o X
T & DERAY T 5 LERD B,

FEFEBI Uit Fig. 2, Table ] R LIk 5 IR
Al Zn DOXMPBUIBIERR L » 3 ShT\w%. ES
L DEKBBERR D & & & BEHECIRE L ENTL
SHIVERECIX Fe & Zn L OBAEEIIEL D Ik
Wiy (Fig. 6), BEEM CREFBFENERS. BEIK, B
RIc EORARIZEA EGHT R, 4+ vOBERN
HTDC ERMBbR T30, ESTRIETF T Zn
K DIRER IR DiET 5 Cl- 1 4 VEBENING
AR LD dECREBAFHSH RS &2 bh, K
FRAL TG <CHe FEME R AT SN SR IERE LY, Zn O
FHEEEL 7252, BRKIGTHR I Zo2* 1
VHIBFECELR UM~ B LW & d, thb
DU EBHC LT\ %, BEWR X 2 EaiEire i,
GBI S 5 R B O G SIS 2 A L
TEEBREERITD X EEbR T 5020,
SIESRNT & WAL Zn DD G & TR BEINR L D
DL, FDORELINC Zn D RERYEET X 5 (5%
TERR 57Dt LB s, T rexs ., b

i & FH Fe B T2HEEIC Zn DO BIciBE Ly
R T, RMOME ) BEEHAMCH LT Zn
DYENER B E R B 53 520 ~ 20,

BIRDS <, BE B2k Fig. 4, 5, 11 @Rz Le
X OWEHR Zn HOESWMTOFREE v 23, “h b
FEE/MCREERE O &BERECTO » v — FRIGE &
D&ET% OH-1 4 vofpl, REE:ESEBEM
EREROTREIS®. » Y~ FRIGEROBES < h
PEW D pH 1313 TH D7z &\ S G090 5 4 e
INDH L5, FMELE pH FREK LD Zn (2R
1A VDN TR CERT 5. —JF Fe 3isM L
<Ky TOXSRMTAH Y OHENEEDL S h,
BEENVEBOXERYET S, FTihbbiERl Zn b
EHB T Photo. 1, 4 KR LI-X 5 ic Zo/fbmkps i
FEH BRI THiN, BB HBET 5. BEMER T
Fe/ftR B AT B h 1w ¢, OH- 1 % %
B L Rt L, LR L O RE T HHEn R 5.
(Photo. 4) Table 2 1o X MUILHIE D % 4 7 DUk < B2
FEDOEA I LRBIATS.

Fft Zn DO ZMPICILERL Zn DO XK LA
B Zn OEREERMIC X B R OB A 2
B (Fig. 7, Photo. 3) Ujvd BlEL <t A
V.o (Fig. 4, 5, 11) WEIEREECOM 7 L v HITE
Al Zn DO E B0 iy, (Fig. 12) Lz ant
Photo. 2 X v BB e X 51 EEHOMMIC B LA
BB Y, &0 RALBRAE S T s SiE, EEHIEE T
Rl Zn 9O Z PO B U bR IE DA SRR 20T
LIRS Ish. BEMET A ) BEKICIS LS
f, BIEYBLTCRATEZAS VREHEDOZ & oo
SRR EIER A BAT %05, o0 X B AR ot & ik
BEbLY e DOFREOEE SR DD, BRAEE
CRERENAELD. Zhix Table2QIlR Lzt k0 ¢
BT, BEAFHELLSVWEREEL bhS. BA
LTy Y — VRIGIZ X h o @EEEr OH- 1+
VIR EhAGELABETHS. BlESh, BEE
DOBEZRET LN, Fh bbb &4/t Zn
DOOEFHNIFHRE L DT s. BANERCEFLT
Fe-Zn 4@ 5 Zn Pihcd Fe dBHTH I 510
EOTEECE, MR EhAERAERYL Zn B ok
RERW L D SREERABRGEELhTEDY, 0
HE LM%,

PIESRIOC HEEE U O e LI WL, AL
B OfERCEE bhs, BEsS LT, W7
WA VL D DDIFREEIVNE b OH- o
d v OERENDIL, FOFE, BIEMK L FEERX
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B L A&l Zn Do SR O R 867

IFRLU e RIFCIAbDEEL BRS.

5. ¥

(1) BEBEMOEKEBAR, 1 7 VEERER
DR, &4t Zn HOXWMPBIEE (A8 REIFED
Wiel, BEhZn Do XN, WIERR GRE) DOIET
Hoic.

(2) BABBCRTH>EROWEAEMECE LT, »
FhoRBTL 54t Zn DOSMELS RIRIFTH
b, YRR Zn OSSR DL 0TI

(3) BHS ., »—%BELLABA YAV URAR
BT CREE S Eaty, BETOMRBEYEEAR CH
gz ek, ROEREN A HRCETC L I2TR
MW7 7 — FaedborUd ATHElpokcilih 2 e
KR\ T, FEEORKRIE LR

(4) HEABEARCKEL, £8 Zn L4 Fe OF
A ITIZIES LY, BN T Zo RECWHET %
WA B MR R RUE T e, WERE Zn DO X
PO TESRAR bl U AR E VNS K, SR D
o,

(5) Wi HEE, & LTEB/LREIEAE D&
BEWCET BV — FRIGTETLS OH A 4 vOfF
FCHEE 5. BEhZn D>OXHK T Zn BT A VI
BHLST WD, CoRBEIEREIh RS, —TJF
AR Cr Fe ofit 7 v ) #AS BEFolic & O R
HEIhr L, BERETOBRBEEEE, T Ty
%

il

(6) &4&At Zn »oXMIFIEEEH Fe-Zn A&
TH BT E b b, BRYIICIIER Zn D0 X
WL AR OREB AR L, BET T Zn BRAEBRMC X
BRI AMEN S CE RS DT,

(7) Fe-Zn £&BrkEikaho 6 Bo b I T
WEEMIAE L. ek LIEREL Zo 0 SR
FLEHCdb %D b, 0 X B /LR E O3
LWEEMND L. Fe-Zn &40% Zn LEET7T LA VI
Bxhnn, 44 Zn Ho XK CI LA E oMK
AETz OH- £ % vic X 5 BAEROETIES,
RO THRIEFE B S Zn DO ZWMB X 0 b RIFICTR
5.
(8) BAFENRER TEEXHrETE0D, €
oAt &4t Zn B0 ZMIL IS M2 i HEH
WL E & ieD T 5.

X [

1) H. Scawarz, R. SciMAR, A. SEmws and A.
Toussaint: Deutsch Farben Z., 30 (1976)
8, p. 317

2) P. A. WaLLcreN: Conf. Corros. Mot. Veh.,
(1976) p. 78

3) J. Mackowiak and N. R. Suort: Internat.
Metal. Rev., (1979), p. 1

4) EHBW, HAEF, tHzk: &BEREEIN,
21 (1970), p. 430

5) HHEBEW, kBZR, ® K EBREWHEE
44 MBHEALEEE (1971), p. 96

6) mok¥E—, WB %, HHEHH: BABHELKN 3
(1977), p. 848

7) BE B, WA E, MJH M b o= xEh, 27
(1978), p. 553

8) HHBW, £ARM: FH A EE I MHEE
K4 (1978)

9) dtEZH: &8, 49 (1979), p. 66

10) W. G. O’DricoLL: JISI 167 (1951), p. 353

1) )IEE, F3 2, AE L &BERERES
40 EHEASESE (1969), p. 86

12) J. R. Daeson: %3 @A, 80 (1977), p. 1

13) BA%2MEEE: SBEHERESE (1961), p.
402 [H P TEHREMLL]

14) MER=S, HRWoE, BRZEB, IE B &
#, 28 (1955), p. 293

15) MARS, SRME, AEXE, BE £ BE
=HE: ftf, 29 (1956), p. 82

16) F. WorMweLL and D. M. Brasmen: JISI,
164 (1950), p. 141 ;169 (1951), p. 228

17) €. C. MarrLaND and J. E. O. Mayne: Offi.
Dig., 34 (1962), p. 972

18) teiE ¥E: &BE®EM, 16 (1965), p. 215

19) Adaskah: BAMBEBE %A, 12 (1977), p.
252

20) J. E. 0. Mayne: Offi. Dig., 24 (1952), p.
127

21) £ |B& b, 28 (1960), p. 538

22) mrh o faif, 49 (1976), p. 174

23) fEiE ¥, WMREIER, BAEF: EX]MLE, 26
(1958), p. 84

24) XEIEME: &BE@WHM, 20 (1969) 4, p. 186

25) mrh R, UAR—E, BHFEBC &R RERNE
48 MEASEEE (1973), p. 156

26) | R, WA—#, HRFER: F 20 BREE
aHmoEEESSE (1973), p. 141

27) WA—i, HAEH AR B SRREENE
19 EREALSEEE (1974), p. 64

28) R. R. WicGLE, 4. G. SmitH and [J. V.
PETROCELL : J. Paint Tech., 40 (1968) p. 174

29) &K, EEVE: BEBENRSFMNEFEK
amgsg (1977), p. 42

30) U. R. Evans: Trans. Electrochem. Soc., 53
(1929), p. 243

99



