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Black Patina Developed on Zn-Al Alloy Coated Steel Sheet

Yukio UcHIDA, Mitsuru KobaA, Yasushi FUKUI and Yusuke HIROSE

Synopsis :

A structure of the black patina formed on the surface of 4% Al1-0.19,Mg-Zn alloy coated steel during
storage as a coil was investigated by various surface analyses.

After chromating, Al-rich phase of the coating surface preferentially changed its color into black and
then f—Zn phase gradually turned into the same color as Al-rich phase, which was due to the difference in
growth rate of each phase. It was recognized that specific double-layered oxide film was formed on both
phases : an outer layer mainly of Zn and Cr, and an inner layer mainly of Al and Zn. The black patina
was related primarily to the outer amorphous oxide film which was composed with the mixture of non—
stoichiometric zinc oxide and chromium oxide. The patina formation after chromate treatment was ac-
celerated by Al and Mg in the coating. It was considered that these two elements diffused to the surface
and were oxidized preferentially to form the inner layer, which accelerated the formation of non-stoichi-

ometric zinc oxide of the outer layer.
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Table 1. Coating conditions.

Specimen | 016%Al] 4%AL | 8%Al | 13%Al
 [alom | 397 | 802 | 31
§,°';‘§g;rg°" Fe | 001 | 0013 | 0026 | 0064
bath Pb | 0002 | 0003 | 0002 | 0002
Mg free, 01,
(wts)  |mm.| 0009 | 0012 | 0023 | oo31

Bath temp (°C)| 460 450 465 485
( MM.=Mish-metal )

2:2 snx-— U

7 \v A — PAEE, Sofefpr 1.0g/l Fitn LckiR
50°C @ 7 v AERTW (CrO3;=18.0g/l) KHRM %
L, v =0 T5HETITY, WThoftsRis
Lh7we affEREY 20~30mg/m? CHE L. %1,
BECRIFETHOXRERILBOFELY RS-, fi
Ab % 2%-NaOH AKEHHT 60s kL0 1208 7 1
HY =y F v I U, KELT, SoBERMORE
7w A— MU RIT oK.

23 BETREERREBEOAE
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THE L CEBLEOREL L. ik, HEZLTL
b HE CBE Ih A BERI & E2ITE LIRS,
BLMEYEEMT AT THE T LR TE T
W3,

¥, BERBEERD S VIESECRETERSEE
DEELIPET S BT, 50°C, HBE 80% kXt
HBE 98% DO&HTThRERERBREZT L,
ESCA et Lre.
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#E (XRF), #ZAEFEMHSE (TEM) IO EFE
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2By 100 pm O E 3 WELS.

2) sofbtpr 1.0g/l iin Uiz 50°C o 7 » AR
BRI BER, Kk, BERL CBEERERRZTS.

3) BELALESSELE 2mm, X 20mm o
SRy L, BIgcEDRA L.

Table 2. Conditions of surface analysis.

Equipment Analysis Element
10KV-200nA |Zn(LMM) Mg(KLL)
SAM  |PHI-600 . Cr(LMM) O (KLL)
2x107° Torr Al(KLL)
Mg : 10418v A Zn 2P3;5 [ Zr(LMM)]
-40m, Cr 2P
PHI-5300pass energy | a1 2P
(HCA- 186V |Mg2P
ESCA Type)|3x10°%Torr | O 1S
Mg : 10KV
-40mA
PHI-55S5E |Pass energy
(CMA- : 50eV
TyPe) 5x10°9 Torr
XRF Rigaku |[Target: Rh  |Al:30KV-2mA
S-3080 Mg:35KV-50 mA
HEED Hitachi -[Acceleration voltage : 200 KV
H-700H [Camera length : 1,000 mm
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a) As coated b) Chromated

Fig. 1. Effects of Al and Mg contents in coatings
and chromated films on black patina formation.
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Sputtering time (min) Sputtering time (min)
a)Al-rich phase b)3-Zn phase
(As coated)
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Sputtering time (min) Sputtering time (min)
a)Al-rich phase b)3-Zn phase

( After chromating)

(Sputtering rate : 30 A/min as Si0O»)
Fig. 2. Depth profiles for Al, Zn, Cr and O of
the 495,A1-0.19,Mg-Zn alloy coating surface be-
fore and after chromating. )
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1) Surface etching : dipping in 2%-NaOH
2) Chromating : CrO3=18g/l, without additives

Fig. 3. Effects of surface etching before chromat-
ing on black patina formation.
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B 7aAn) =, F v IR0 ERM TR, ®
SEXEEOMROBAELFALL, BLVLWBEBRIAD
Bivishs Dot

BED ER»MDL, S0t HmLic 78 2 — ML
H, Tichb, »OXRECBRYEEBRICEREL T
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R D BZLEE A Photo. 1 /R T. EEMLRED S
DX, DOEXEREMOBERILZ » 2 — FLEBEKC
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i, BEEWOTh I hEECRIICREBYETS. L
LD, BERRIBECEKTE EIEEOEL
hEESIEEEx DL, BEOFER*EXROHREIL
IR T HDITEELL.

3.3 ETREOME
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After chromating

(fluoride added)
. L=68

b) After 10 days of

acceleration test
L=47

c) After 30 days of

acceleration test
L=43

Photo. 1. Surface tarnishing of 49Al-0.19,Mg-Zn alloy coatings.

a) After chromating

b) After 20 days of acceleration test

Photo. 2. Coating surface of 49,Al-0.19,Mg-Zn alloy coatings with black patina.
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S L7 Fig. 5 OfERI, LE Zn + Cr % 34
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WE o5z EaRLICHIRD Fig. 4 o SAM 458k
RERSHIEL T 5.

Al-rich i, B-Zn %R ¥, o0& K LEH
B EET s BERERR 30 A%z, Photo. 4 12
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Sputtering time (min) Sputtering time (min)
a) Al-rich phase b) B-Zn phase

(Sputtering rate : 200 A/min as SiO3)
Fig. 4. Depth profiles for Al, Zn, Cr and O of
the coating surface with black patina after 20 days
of acceleration test.

inner oxide
layer

Zn-Al coatin:
. (Al-rich phase

(After 20 days of acceleration test)
Photo. 3. Cross-sectional TEM image of the
coating surface with black patina.
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Fig. 5. Element analysis of the coating - surface )

with black patina after 20 days of acceleration 2
test.

ioutielr loxi

(=

layer:

Photo. 4. Cross-sectional TEM image of the
coating surface with black patina after 30
days of acceleration test.

Photo. 5. HEED pattern of black patina.

a) As coated b) Chromated
Photo. 6. Cross-sectional TEM images of the
coating surface after 20 days of acceleration
test.
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T DG THS. Al, Zn 2EILLUIER{EY X 5.
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(Sputtering rate : 100 A/min as SiO3)
Fig. 6. Effects of relative humidity on Zn (LMM) Auger spectrum of the coating surface.
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BEXRENERBEL In W THD Z LML
Teotedy, TORBEEBREMET S D, BEYEALE
X TAERIRLBERED ESCA i frot.

Fig. 6 1c, 4%Al1-0.1%Mg-Zn &4 %% Ml %
50°C, FRPBE 80% % L0t 98% BT 20 B
RFELIBEODDOEXERBD Zn(LMM) F— 2 . A7
FARIRT. 7ok, MHBE 60% & 80% THARI®
PBERKED Zn(LMM) 27+ LIENRD bR
PO DT, ARCIIHRIBE 80% TORKEDOLER
L.

DOXF EOHRME 50°C, HRHBE 98% D&H
TT 20 HEMRE L BA T, £ BiEs BT
5. ZOREFOXBEFFER B, 3Zn(OH),- ZnCO;-
H,O kX0 ZnO 2HEXhicoT, FAEHT CFRE
LicftEbr o Zn(LMM) =27 + b AREE L 2 5E
X T ZnO DA = R ¥ —fERPE L.

Fig. 6 76 Bibhic Xk 51, MHERBE 98% o4&tk
TehERINACBELEEBED Zn(LMM) A2 b Ui,
KEBEIMPACERIhBEEE Oz LELUL,
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Zn-Al RESLWRD O X PR O BE KK 1019

2560 2600 2640 2680 2560 2600 2640 2680
Binding energy(eV) Binding energy (eV)

a) Heated for 24h under re-
duced pressure of 102 Torr
at 300°C

b) Heated for 24 h in air
at 300°C

(Sputtering rate : 100 A/min as SiO3)
Fig. 7. Effects of heating on Zn (LMM) Auger
spectrum of the coating surface with black patina
after 20 days of acceleration test.
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— 7 FETS.
CHIEXNLT, =24 VRERE UL HxhEE 80
% DEHETTERIh BERED Zn(LMM) =~
7 b A®D ZnO YT HEE= 52 ¥ —(HL, EFHE
1:1 OfEE =F3AF—EIVH#H 2.5¢V i3 & &E
Zn fillicy 7 P LTWwWA. b, Fig. TRRERLEL S
w, TOBRTEEY KRG IO WE (10-2Torr) |
T 300°C, 24h JREL TH, ZnO MY L ks =%
AE—ENREFH 1:1 © ZnO ofg = L ¥ —{H k
D&RE Znfilic v 7 b Lic REBRZ M LB &b
B, 24 VRERCER IS BERESD ZnO (3R
FRZHOIMCFERNBIEHTH S LEEINS.
LT, RRBBENCAERIND BEFRBIL, b¥ES
B7s ZnO L @RERZ R OIHMLEERAY L ZnO L AR
ELIHRBCI DTS5 EE 2 bh%. ok, Wiho
MR ETH A 20 BEOBMBEEC K X 2 RIIRD

Cbhvsen, HRRE 98% O&HTTR, KKBEHED

BALERE, REOXRRMETFTTH02E8ThH5s.

4. £ ®

4.1 BRERCHBIZHDOZIEBFD Al 5k Mg 02
B
SAM 4#7 % X0 TEM BEEEN S, BEFEO
TR Al DR LEE RS hi-0T, BIRHE
Ko Al, Mg OR{EZEEY XRF @ CHIE L.

175 40
= g
5 s
2 L2
g 150 30§
§125 — 2.0§
100 ’ 10
0 100 200 300 400 500

Test time (h)
R.H.=60% at 50°C

. . Intensity (by XRF) at each time
Enrichment ratio=

Intensity of just after chromating

Fig. 8. Enrichment of Al and Mg to the coating
surface during acceleration test.

Fig. 8 1%, 7w x — ' UEEHDODOXBEHD Al
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# 1.5 6%, LT Mg oBEEIHIF/BLELT
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LHEEINS. i, Mg o&B LY E 2 5 L,
Mg & Al LRBOBILEBE L DbDLEELLRS.
4-2 BT
ChECoORMERY REGT5&, 4%Al-0.1%Mg-
Zn & OEXWMEOBRED # =R n1x, Fig. 90 I
SIEELDDH T ENTES.
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Al-rich phase
B-Zn phase

a) As coated
Cr,05(Cr04) +Zn0

ALQfMg0) ZnOry
Al-rich phase
B-Zn phase

| (Base steel)]
¢)Black patina formed

Fig. 9. Formation of black patina on 49;Al-
0.19,Mg-Zn alloy coatings.
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Al 545 13% LLTD Zn-Al REE£EDOX SR,
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BRI RETARTHEZC DLW TR L, ROKELE
fe.

1) 7m 2 — AEEEE @i 4%A1-0.1%Mg-
Zn F&DOo XML, Al-rich #, B-Zn %R
TRBEEYE L HEN RS R S . ARIR
DEEEEE Zn L Cr 4k b Lic RGE Bty
ThY, CORBEIRBEOEBOREREOTWS. %
7o, BoERCRO TREEE Al & Zn A& LB

i

{tchs.

2) B-Zn M HAT Al-rich iz Z1 < BIbE
ERRKEVH, THXHEHOBEREDOREEE DX
FRLTWS. fod xil, DOXRELEEI HETE
L7ckg it Al-rich fEDOREKEORE I3, B-Zn
HEDZhoH4f5ThD.

3) 0¥ ¥E¥D 4%Al-Zn HHDOXHRICL &
WETEBEAERIRS Z LB X Zn(LMM) 53—
= A7 b VORFFEREN D, BEREIBRERSHO
JEGEs ZnO THBH T EATRE I .

4) SO E WML 7 v 2 — FALEIE, Zn-Al
FERDOZMKOBEMEZIMEE LB T5. &
i, »oEEEE BLLL Al, Mg oftiEsr 35

W, BRELTHOoEERDO Al Mg OXREA~DILE,

FRRRETL L L, WRERIZ = 4 — b FER
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RZHED ZnO HAEFRLLTLTEEDEEL bhi.
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