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Formation of Out-burst Structure in Hot-dip Zn—5mass%Al Alloy Coating

Yukio UCHIDA, Atsushi ANDOH, Atsushi KOMATSU and Koji YAMAKAWA

Synopsis : The formation of the “out-burst” products which is consisted of Al-Fe intermetallic compounds (IMCs) grown locally and abnormally, has
been studied to compare with the structure of thin alloy layer normally formed on the sheet steel in a hot-dip Zn—5mass%Al alloy coating at

the bath temperature of 450°C.

The formation of the out-burst products is not due to the localized growth of thin alloy layer consisted of mainly Zn containing
Al;Fe(Al|;Fe,), but due to the growth of Al-Fe IMCs with mainly Zn containing Al;Fe, formed at ferrite grain boundaries near the steel sur-
face. These Al-Fe IMCs are considered to be changed from Fe-Zn IMCs which have been formed by the grain boundary diffusion of Zn.
And, during changing to Al-Fe IMCs, Zn discharged from Fe-Zn IMCs further diffuses to the adjacent ferrite grain boundaries and also into
the adjacent ferrite grains. As a result, Fe—Zn IMCs are formed around Al-Fe IMCs which have been formed at the grain boundaries, and
changes again to Al-Fe IMCs. This growth behavior of Al-Fe IMCs formed at the grain boundaries is induced from the results obtained in
the previous works that the changing rate from Fe-Zn IMCs to Al-Fe IMCs in a molten Zn—5mass%Al alloy bath at 450°C is very high.

Key words : hot-dip coating; Zn—Al coating; alloy layer; out-burst structure; Al-Fe intermetallic compounds; Fe—Zn intermetallic compounds.
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Table 1. Results of XMA analysis of “out-burst” product.
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Fig. 3. Microstructure of thin alloy layer (inhibiting alloy layer) formed by immersing in Zn—5mass%Al bath for 5s at 450°C.
a; TEM bright field image. Position 1; 71.4% Al, 23.3% Fe, 5.3% Zn (at%, TEM-EDX). b; Diffraction patterns at position
1 in Fig. 5a. ¢; Diffraction patterns obtained frequently in this diffraction measurement of thin alloy layer.



Fig. 4. Cross-sectional structures at near the interface be-
tween Zn—5mass% Al coating and steel substrate
before developing “out-burst” structure. (Bath
temp.; 450 °C). a and b; Immersion time=30s,
¢; Immersion time=45s.
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Table 2. Results of FE-SAM and XMA analyses of prod-
ucts formed at near the interface between Zn—
Smass% Al coating and steel substrate. (at%)

a)lmmersion time; 30s (by FE-SAM)

Position* Al Fe Zn
1 52.8 40.7 6.5
2 63.5 31.9 4.6
b)Immersion time; 30s (by FE-SAM)
Position* Al Fe Zn
1 7.0 83.3 9.7
2 31.1 9.7 59.2
3 64.8 27.8 7.4
4 61.3 29.3 9.4
c¢)Immersion time; 45s (by XMA)
Position* Al Fe Zn
1 5.9 82.0 12.1
2 63.8 27.6 8.6
3 65.3 27.8 6.9
4 63.6 30.3 6.1
5 63.5 28.1 8.4

*Positions shown in Fig.4 a,b and c.

Fig. 5. Cross-sectional structures at near the interface be-
tween “out-burst” product and steel substrate after
dissoluving Zn—5mass% Al coating. (Immersion
time; 45 s, Bath temp.; 450°C.)

RO 7 =54 bR 20~30um & 0, M, HbkE
WD 7 x 74 PRIDHIRIL B2 DO TIEIH L &
TEEMN-T,

LUEOKRY» &, Wil 5 450°C DIEHRZn-Smass%Al iR T
AL AT ARAE ANV i [T cl-E )1 [ ING A0 - g At ARFEE o= F/h
JEREZZE L L7z O Tid AL, SIREHRE TO7 x4
bR FRIZTER & AL72 Al-Fe - IMC 23K & L 72 & @ & fillir T
X5, 2LT, 7x 74 FRRTOD Al-Fe - IMCIZAIE Zn

737



. 738

$% & $/ Vol. 84 (1998) No. 10

ORFRIEHIZFE I TWBEELZIOND,
4, BEE

Al-Fe-Zn = JL R F#IRREX T3, 450°C D &Rl Zn—
Smass%Al A& & F# 3 5 Al-Fe - IMC i% Al,Fe (Al ;Fe,)
TH O, HRZ B Zn—Smass%Al & IZE R Y X
L72ZBRICTER S M B3 WA &G Al Fe, # Eh & LG
ThDHI LA TEDS, ZOFFTHMEED Al Fe, 13FE
HIZEBOBFHAF L TV BE 2, EEIZHERMZn-
Smass%Al A& D - EFIRDOD - ZBEBHE L TYIEE
JE & X#EHT L T8 10RKmoOmfre -2 LrH/shik
W, ZDOZEE, VIHASREOFEERERT Al Fe, AN

HACHZAL TSI AREL TS EEL S, FED
VI &R OB FRIET 2 513, {110} B A @R E (AT
(236 A 72 Al Fe, DTN — Y BE B oN/A, T0

{110} 1 & Al Fe, 7 5K 2 ¥ & EEDO—D> D BRI
LYl Ehs, £7-, SHEHOBETIE, Eanm#B
ELL 722 & AT 5 ALFe,> BYIHHA &R PIZED
N2l 056, 450°C DAL Zn-Smass%Al &5 "E?’C
FRIR B HO AL B, »OEBENIIRIGL TAERE
WIS LR TES, ’
—FH, 450°C DVER Zn-5Smass%Al A BB T S h 58
A, SZRM T Zn % EVE U 72 ALFe,, ¥ - ZREHIT
Zn % [E¥A U 72 AlsFe, (ALFe) 5 5 Al-Fe - IMC T, %
O HIZTEMFARD Zn-rich FHBTE L 2 REL 72 5 Ty B,
ZOREMHOMBEIZ DWW T, Caceres 5 Vi3, XMA BT
12k 0 Fe(AlZn,_y), &, % 72 Ghuman 5 ¥ & [6l4 72 50 A7 F
HBIZK D ALFe LHBORMEA AT 2L DL WME L T 5,
Lo L, WERERMED E ORLE & 557 L 725 2R BT
B0, AEREOZERALFERTH I LITH L,
ZOEBMHOEEGRIZIZUTO L It oh 5,
(1) $MEREFDO7 274 VRANZaBIEL ,
Fe-Zn IMC 2 RIS § 5.

(2) ZaBWRL =B EE-> TAIPEEL, 7254
bR IR X M7z Fe—Zn - IMC % Al-Fe - IMC 12 &1t
2,

(3) Al-Fe IMC~DZE(L L ZDREIZIE S RHMEEIC
0, 2O LOFFIHL LT oh, HHMHE L5,
Z LT, #REmICIER E NS Al Fe, & FhE LM
WAEB L OHFRERE TO7 £ 74 PRFRICEKR IS
AlFe, # Fik & L 72 Al-Fe - IMC D R LR W EIHIC
DWVNTHUE, MMV A S IR THE L A
Zn-Smass%Al B &8 - = TIEME /BEHEREmO AL 51,
[ HE, EFEFRE T & Fe-Zn - IMC 2 5 Al-Fe - IMC~DZAL.
HENELIRENVEWVIHREIZE SO TRDO L H 128
TE 5, SRERICIZK E NS AlFe, & FfRE L2z
AERBIIHER L - XBHOAIDEE, KISL TEK X

50

3D LT, $RERE FO7 74 MRRIZER X
héAwg%IW&th%amcmmoﬁﬁ#ﬁ'
S>THER ENIzFeZn - IMCH S ZEL L7284 D L HEER X
5okammm#6m4emm«®£mﬁﬁfi,%i
DZnHHEHEINEZ A6, HEH IR ZnldZOR
o754 PRR, E5IC—ERNICIEET 5, %
DFER, Al-Fe - IMC D JH B 1212 F U Fe—Zn - IMC 23 Bk &
N, THIZALFe IMCIZE LT 2 &) BRAEBEOEL
THETSEE2 5,

&9 —DOHERKE LT, AlFe, & Al,Fe(Al Fe,) & D Al
BEUOZnDWEGREDEE TS I LA TE S, Larikof
5791, ALFe IO AlDPLHUERE Y AlFe, N D YLAUER B D
VI0KMTH D EMEL T DB, 72, AlFe, ¥ KU AlLFe
DFEREET — 2 20 5 KD 72 AIBILEE & ALFe D5 A
oA - L —/NEVEEKL D, —F, Al-Fe - IMCH®D Zn
DWEUZETEF — 2135 0WE DD, Znid Al-Fe - IMCH
DAIDFFMEICEBRL TS/ AE L, AIEBT
FEOEOEED TP Zn D E HE R E D, L
7o 5T, SRETICR & h b Al,Fe, & Eik & L 724
WAEEBABL TOAIBL U ZnDEEAENT & E, Zn
DRI FYLEUZE S Fe—Zn - IMC DR & Al-Fe - IMC NOD%E
ftafEd - KEh-Tn3ELEZ 5,

5 #E

B 5 450°C D YRR Zn—5mass% Al B4 - X I8 %
BEELTERINIZEHHOME G L UHEEL, BE X
VISR E M 5O WA SR & U TRETL, BT
DIERME S Nz,

(1) ZEHMEIE, SEHRIT Zn % EVE L 72 AlFe,, - &
WHHIT Al Fe (Al sFe,) 7 5% % A-Fe - IMC T, ZOHIZH
M RD Zo-rich HABAE L 25 2 H 4 5,

(2) REZYHMCHEHRREIER SN IHEEERBIE
Al Fe, & TR L L72@ T, o Al & $itk 2R, Ric
L E N st hiz,

(3) EUEMZ, REZVHOENAESRELETRIITHK
BLULAMETIEALS, $RERE FO7 = 74 PRFIIERK
ENh7zAlFe, % £fh L L7z Al-Fe - IMCH R E L 72T
%, ZDAl-Fe-IMCIEZZn DK REBIE-> TR E N S
FeZn - IMCH» 5L L7z D LR X -,

(4) AR Zn—Smass%AlA & - E Tik, Fe—Zn-IMC
75 Al-Fe - IMCNDZELHEE 2K Z v Z & A Al-Fe - IMC
DELVEREZFIZHITEREZE L N,

X ik
1) PHEEER, (0% gk& 8, 81(1995), 995

2) WHSEX, ZHHEAE, MIEE, WlE " gk, 84
(1998), 637
3) AH=EXR, BERE, MREE, IE " gk, 84



4)

5)
6)
7)

B Zn-Smass%Al B - XITE T 3 EHHE DT R ¥

(1998), 632. Lozovskaya: Protective Coatings on Metals, 3 (1971), 66.
P.G.Caceres, C.A.Hotham, J.A.Spittle and R.D.Jones: Mater. Sci. 8) L.N.Larikof, V.M.Falchenco, D.F.Polischuk, V.R.Ryabov and A.V.
Technol., 2 (1986), 871. Lozovskaya: Protective Coatings on Metals, 3 (1971), 117.
A.R.P.Ghuman and J.I.Goldstein: Metall. Trans., 2 (1971), 2903. 9) PVillars and L.D.Calvert: Pearson’s Handbook of Crystallographic
iRtk BOBEE | PhEM, 72 (1986), 1343 Data for Intermetallic Phases, 2nd ed., Vol. 1, ASM, Ohio, (1991),
L.N.Larikof, V.M.Falchenco, D.F.Polischuk, VR.Ryabov and A.V. 816.

51

739 N



