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Coating Adhesion and Interface Structure of Galvannealed Steel

Yoshitaka Apacui, Masahiro Aral and Toshio NakaMORI

Synopsis : We investigated on the shear adhesion strength of galvannealed steel (GA). High adhesion strength of GA with less than

7 mass% Fe, 11 mass% Fe or more was obtained.

A structure of GA coating/substrate interface on adhesion strength was aimed. The observations were carried out
by transmission electron microscope (TEM) and scanning electron microscope (SEM). T phase remarkably grew at the
coating/substrate interface of GA with over 11 mass% Fe. The ledge with pitch of approximately 100nm was formed
at I'/aFe interface. It seems that I" phase grows by lateral growth mechanism. On the other hand, epitaxy between
aFe and T" phase was not found out. From the above mentioned results, it was proposed as a model that interface
adhesion strength of GA was varied with geometrical shape of the interface.

Key words : interface ; galvannealed steel ; transmission electron microscope ; ledge ; lateral growth ; epitaxy ; adhesion ; I" phase ;

diffusion.
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Fig. 1. Fracture mode for the coating of galvannealed steel sheets.
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Table 1. Chemical composition of steel sheet
(mass%).

steels C Si Mn P S Sol.Al Ti
Ti-IF | 0.002 0.012 0.18 0.012 0.003 0.059 0.042

850°C x 60s Al content in zinc bath:{.05~0. 18mass%
500°C X ts
‘/——\ir—cioling
alt bath
‘ Preheating Reduction Galvanizina I'Galvannealing ]

Fig. 2. Galvanizing and galvannealing process.
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Fig. 3. Variation of shear adhesive strength with Fe
content in coating.
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As dipped 2.9%Fe 500°c X15s 9.1%Fe 500°C X65s 11.6%Fe 500°C X300s 14.6%Fe

Fig. 4. Change of galvannealed microstructure during isothermal galvannealing at 773K.
Al content in zinc bath ; 0.1mass%
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Fig. 6. Cross sectional TEM micrograph, showing I'/aFe interface.
Fe content in the coating ; 11.2%
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As dipped 2.9%Fe 500°C X15s 9.1%Fe

500°C X65s 11.6%Fe 500°C X300s 14 .6%Fe

Fig. 7. SEM micrographs of the substrate surface after removal of the galvannealed coatings with an inhi-

bitor added 1096HCI solution.

(a)As dipped ; 2.9%Fe (b)500°Cx15s;9.1%Fe (¢)500°C X65s; 11.6%Fe
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Fig. 8. SADP obtained from aFe/T" interface and stereographic projection to determine the crystallo-

graphic relationship between aFe and I
Fe content in the coating ; 11.2%Fe
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Fig. 9. SEM micrographs of the fractured surface
on substrate side after shear adhesion test.
(a)%Fe: 9.7/%Al: 0.1 (b)%Fe: 159/%Al: 0.1
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Fig. 10. Schematic representation of relationship
between interface/coating structure and
coating adhesion.
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Table 2. Micro Vickers Hardness of Fe-Zn inter-
metallic compounds?®.

Compound Microhardness value (load 5gf)
Fe 104
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Zn 52

229



230 £ & $8Vol. 80(1994)No. 3

T O = SR AR D S SRR DT B ATREME 13 A% 2
NTFY, MAEFMCETZED T 5,

KA, AEALED 7 BFeFKim T DA EHEE (Fig. 100D
REMDIOCTHEEET 5, 2 OIRE T RER CEE S
P ELEL TH Y, BB 5 pHOMEEE» &0E
EEBMRL T3 Z EWHEESI NS B D, pHY TR
TAZI LS TR, KEh e 325
ZDIEDVIHFI I NI LI IWEPELONS, L, 9
Y FeAkimT i, KB/ FHARA I FHTH Y (Fig. 7 #5),
11%Fell ET#E® 6 1 R EIRIL 9 B FeRiHD K IE
TIEHE 2 H5I2 0,

BB U72EED> G, A4 9 %Feilild T HImTEE » i
WNETBDIE, pMDESL, PORE/ERREC L v Y
WL TR CIREBTH S0 LHHATSE 5,

ARFRTERE LI F W SIE M L7 0v EREkTH 2THOD
AERALIHY £ D@L, RIOEFT P, REDOMMIZE
HLTC2DEH L, MERBUIEKBIRECFEHL Ty 558
Th s, TREDOBMERERC L > THREEE XTI T 5,
te3EFE, REBECHNT 2ASLEOREY S &
(AT & 3,

5. &

BEALIERAT SR D - & S D BB/ FAMR G mi TR & RS
7 M OF BB/ AR S i D BAGR - D L THRES L, LT D &S
mEiR.

(1)GARIR/ a Fe RAHREE 1 5 1H O 2EE i & -
TEAT A LOSH LT PRET S, T bbb, #
HCMYPERT 5 L RERE IR ET 5,

(2) B LED 9 BFefliE T RMmSEE IR E Y, 7
%FeRiG R 11%Felll Fic e 2 L EmE L k%,

(3) 7 %Fekiiiiz 31} 2 mPFE@mE L, KRB ICAET
EEEEDOpHCERT S EFHF L NS,

(4)11%Fell Fiz 3\ 5 @K HEE L, oFe/T A T
BT 2 #100nmE vy FORELY v YOERICERT 5,

(5) 9 %Feilif% (7 -10%Fe) 2%\ T, FHEREIL D
1, I E L LT L, 272 aFe/GARBIRE XTI
KL LT 312DTH 53,

48

(6 )T/ aFelfiZ i cube on cube b > 5 Hifli 7g K &L 2210 BY
RIZFED L L,

(7)THHlx1ledge on ledgef#E i & - TIHHEIKEKE T 5 4 D
tEz o5,

ARBFSCIC H I Y A LEBE 2 - 1o PEIREHALKF
BB LB LR T, 2, WEFRLTOR
1T TR R AR T3 (BR) RN Seir Wi s L,
BIF— AL, SARENIFZERT B IPREAS A& o
BRELIT,

X 20

ok BB, WWHIEN, PIHFER : £ L8, 72 (1986), p.997
G.M.Smith, D.W.Gomersall and D.M.Hreso : Mechanical
Working and Steel Processing Proceedings, (1989), p.17
P.D.Mercer . 2nd International Conference on Zinc and Zinc
Alloy Coated Steel Sheet (GALVATECH’92), Amsterdam,
(1992), p.204

T.Nakamori and A.Shibuya : 1988 World Materials Con-
gress, Chicago, Corrosion Resistant Automotive Sheet Steels,
ed. by L.Allegra, (1988), p.139 [ASM]

=N E R, ZHOGE, KR I MELL e+ R, 1
p.1626

IR N, SRR K, K E BARIEEW SRR 25(1989), p.9
PRI, HHLZS A, JALHERRIH, BE 1 ¢ MR E P e £ %, 5 (1992),
p.1669

AL E M, IR,
(1993), p,582
TRILFE—, TR, RAFELT B E 7’ et R, 4(1991), p.1638
R, W EEE Bk L, 77 (1991), p.963

RARER, AR ME Lo e 2, 1(1988), p.655
C.Cheng, V.Rangarajan and L.Franks:@2nd International
Conference on Zinc and Zinc Alloy Coated Steel Sheet
(GALVATECH’92), Amsterdam, (1992), p.122
G.L’Esperance, J.D.L’Ecuyer, A.Simard, M.P.Barreto and G.
Botton : 2nd International Conference on Zinc and Zinc Alloy
Coated Steel Sheet (GALVATECH’92), Amsterdam, (1992),
p.442

TEHIEEE, RER, EEHE, BARERZ MEESoe R, 5
(1992), p.1649

S.A.Hackney and G.J.Shiflet . Acta Metall., 35 (1987) p.1007
TEiR#EE =, AL, Higsen, —EiEs - &R -2 o
El T — (H ARSI SIEHENTE24), (1991) p.165
J.J.Sebisty : ELECTROCHEMICAL TECHNOLOGY, 6
(1968), p.330

J.Goldman, H.I.Aaronson and H.B.Aaron : Metall. Trans., 1
(1970) p.1805

W.L.Bragg : #dh iR GkemRAER), (1953), [ kEE]
G.F.Bastin, F.J.J.van Loo and D.Rieck : Z.Metallkde,
(1974) p.656

HEPARER, K&ENH D HEHFm— 88 6 %5 T — (HAgk
SR 2M), (1991) p.184

1
2)

3)

4)

5) (1988),
6)
7)
8) PRER, BHEZ ML tez, 6
9
10)

1D
12)

~

13)

14)

15)
16)

17)
18)

19)

20) 65

21)



