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Effect of the Substrate Compositions on the Growth of Fe—Al Interfacial Layer Formed during Hot Dip Galvanizing
" Yoichi ToBIYAMA and Chiaki KATO

Synopsis : It is important to clarify fundamentally the formation mechanism of a Fe—Al interfacial layer formed on a steel sheet during hot dip galvaniz-

ing to produce galvanized steel sheets with high strength. Effect of Si, Mn, and P in a pure iron sheet on the growth of the Fe—Al layer has

been investigated using baths containing 0.15 mass% Al and 0.20 mass% Al. The amount of the Fe—Al layer formed at the interface between

a zinc overlayer and a base metal containing Si decreased with increasing in Si content of the base metal both in the low Al added bath and in

the high Al added bath. This was explained by the decrease in the reactivity of the base metal due to surface segregation of Si occurred dur-

ing recrystallization annealing. Mn in a base metal restricted the formation of the Fe—Al layer in the high Al added bath, although Mn content

in a base metal did not influence the amount of the Fe—Al layer in the low Al added bath. It was considered that particles of Mn oxide dis-

persed on the annealed base metal surface did not affect the dissolution of iron in the low Al added bath while they impeded the diffusion of
Al through the thick Fe—Al layer in the high Al added bath. The amount of the Al-rich layer formed during galvanizing did not depend on P

content in base metal in both baths.
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Fig. 1. Effect of the Si content of the
base metal on the amount of Al
in the Fe—Al layer formed dur-
ing galvanizing.

Fig. 2. Effect of the Mn content of the
base metal on the amount of
Al in the Fe—Al layer formed
during galvanizing.

Fig. 3. Effect of the P content of the
base metal on the amount of
Al in the Fe-Al layer formed
during galvanizing.
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Fig. 4. Morphology of the Fe-Al
layer in coatings obtained in
a bath with 0.15 mass% Al on
the base metal containing (a)
no alloying element, (b) 0.6
mass% Si, (¢) 2.3 mass% Mn
and (d) 0.12 mass% P.

Fig. 5. Morphology of the Fe-Al
layer in coatings obtained in
a bath with 0.20 mass% Al
on the base metal containing
(a) no alloying element, (b)
0.6 mass% Si, (¢) 2.3 mass%
Mn and (d) 0.12 mass% P.
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Fig. 6. Characteristic X-ray images
of the Fe-Al layer in coat-
ings on the base metal con-
taining no alloying element.
(a) SE, 0.15mass% Al
bath, (b) Al, 0.15mass% Al
bath, (¢) SE, 0.20 mass%
Al bath, (d) Al, 0.20 mass%
Al bath.

Fig. 7. Morphology of the Zn-Fe
alloy layer in coatings ob-
tained in a bath with 0.15
mass% Al on the base metal
containing (a) no alloying
element, (b) 0.6 mass% Si,
(c) 2.3mass% Mn and (d)
0.12 mass% P.
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Fig. 8. GDS depth profiles of the annealed base metal containing (a) no alloying element, (b) 0.6 mass% Si, (c) 2.3 mass% Mn and

(d) 0.12 mass% P.
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Fig. 9. Relationship between the Si
content of the base metal
and the amount of Si segre-
gated on the metal surface
after annealing.
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Fig. 12. FTIR reflection spectra of oxides formed on the
surface of the annealed iron containing Si.
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Fig. 11. Relationship between the P
content of the base metal
and the amount of P segre-
gated on the metal surface
after annealing.

BBICL28DeFELI6Nn%, LT, EARMMO Fe-AlE
BRELAYAE BRI L TERANRED LS ITHELT
W50 EBEHROFMER E OBIETERT 5,

O sinpE

—IZ, S ST BRI D R R E AT R
IZHARTNEL, BRBRLIZEDRRBLLR T Z &
MohThb, AXFEAETIE, Fig. 8, 9ITR L2k 51288
HOSIORERILAR O, FEEFIZH-> % LRI
RS> ENREL 7,

AFAETIX, Fig121ZR L 7= & 5 12 HEH% 0 SivRinM o
REIZIIIERE SO, L RE XN 5 DA EEL 72, Fig. 8
IZ/R L 72 GDS D#ERTIL, 0.6mass% Si&HMD SiEmE
LRI FeRED 2%y 2 HE 2 5 0.01 um FEE L& HEE &
h5, BesittOFEE T, IESE SO, I MnER LD & 5
ICEBBRTAZLETELEh 720, EMELIIBERS
BA x5 EDOFEBUEMENY— S HEE U THEELTY
25DLBbIBY,

Kb D & 5 IZFe-AlEBRLADERIZIE, FIHAERRE
TETHOBUHABEL LS, LirLads, BMEEIC
JERE SO b A, FMESIoNED & kB4
BT 5-0RMOBHBELLHBIENh28DELEZION
%, Fe-AlEBHELAY, BRL-SBE EEME LD
AURBE VARSI D Fe-AUAFRBE ISR 2 2 7255 Ti
COHTHHT 3728, E»50@0BHEAPEL i
AT 5 Fe-AlSBREILAME R AR K5, §H, W
NOWAIRBIZI T S R o SiRE OBMIZ 0 Fe-Al
SRELAMBPIRD LD, SOBMBHEHSiFHEE
LEOEMIZENMET T 2720, R siBEOHMIZE
WFe-AIRPBA T L VWIBRICE 23 DL EREh
%,

—7%, Zn-55mass%AllZ B} 3 Fe-AIRRHAERBDOE
BUZBE T 2HIRTIZ, PO SiOFRMIZ & D Fe-Al &
BE &Y O AlOPLEAFIH] X W Fe-Al & BRI AMAERK
ERBLTELEVNIMEIND D, Fe-AlEBRMLAYH

4 IR



$%&$#8  Tetsuto-Hagané Vol. 89 (2003) No. 1

10
9
.
7
[sa]
* 6
a1
Z
4
3
2 C
1
o n
0
200 400 600 800 1000

Kinetic energy (eV)

Fig. 14. AES spectrum of an oxide on the annealed base
metal containing 2.3 mass% Mn.
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Fig. 13. AES-mapping image of the
annealed base metal contain-
ing 2.3 mass% Mn: (a) SE,
(b) Mn, (c) O and (d) Fe.

Fig. 15. Morphology of the annealed base metal contain-
ing (a) no alloying element and (b) 2.3 mass%
Mn.

SRlDFEER T, %O Mn IR O &R 1213 Fig. 13,
15SIZR OIS &5 GRROMEBESEE Iz, FE-AEST
DHFRER? S, ZORRIIIMnDOBILA TH 5 L& X
Hhb, AFEETIL, BEEEO MniRMIMIZIE Fig.13, 1512
R L7 &S RAROBLMA 7 = 5 4 PREICEIEL T



7z ZOBHDOGHREERS L, BILHTHEINT
WAV H S OHFHOBHIZHBNESISRI 28D E
AbNb, KT THAUERE A 0.15mass% &K WVIFAIC
Fe-AlZERENEM MnEDRE 22T L h > 7=DI13, Mn
A 23mass% & L VVEA T & BEMIFRFIZ AR L 72 MnBE1L
MIHFEM EITBAE L T2 20§D s H AR INA & RIFE
BRI, EMELOSKBE B»o#GEh5 AL
RGBT ADIZ+a5RIEL T2 LEBERXNS,
0.15mass% AIRDIBAD & S IZHEKT % Fe-AlEDAD &
WIFIZIIMnOBBIZNX W T 22 6% % T, 0.20mass%
AR DG A Fe-ALERIZ KIT 3 Mn D BT KGO B
TINEVWEeEZI LGNS, Thbb, MnBLHOFEL,
Fe-Al 23 BIRIZA B X M Fe-Al & BREMLAHh D A1 D HEEL
12& D Fe-AlEBRELAMO R EHHET T 5 'ORETREL
L7z DL Bbhd, EROFEOTIIF-AIEBHEA
Wiz Mn-rich ZILAIMBTFHELTWAZ L e HREINT
B0, ARETHRMMICBR I W RRERILIEZ D ki
Fe-AlZBRLAM A RBIRIZER L 72854, Fe-Al2 B L
THBLTL B AIDREEL LTEALIZ 0D EEXS
N5, TabbEAIROEHE, FHH M ROBMI AL
Fe-AIEMIED LD, EMManEAML 5 LRk Mn
LA EMER LIS LD STEENEL LD, Fe-AIZR
BILAEHRDAIDIEA L O NEIC k> 72720 BRI h
5,
@ POEE

Fig. 3178 L 72 & 3 IZFe-AlZBR{L A E R BIZRIT
TEMPPEDOEEL R S &, 0.15mass% AIE, 0.20
mass% ABD W THOIFAEIZE Fe-AIRIZPEIZK D E1L
BlEh o,

ARETIE, PARIMMOBEHM O RE %85, HHL
& ZAMBRIMMD &5 ZRRWEIZBERShY, £72P
DREEMEAHERohkh -7, GDS TR Eh7-%E
HRILBIE, FeBBED 28y 4 REH» 5001 umEE & R
ME ohd, BtOPORREL, UV /L THEL TH
2D LREEINY, B SIOKELEE LB LEPD
BILREE RO S SE DB LB A S THROBRR
HET a3RIThEnEEZLNS, 5T, KAIBD
BEF-AVERBVREMHPOPREICLKDE L G 57
LB bhb,

72, BAIBKEICPOMER LD 52D, Fe-AlERK
FIICRBO PRI XA L TL 1, Fe-AlZBRL
EUMRBIRIZER L 72%, BORIRMnER{LHD & 5 12 Al
DUEENHITA2EORGEEL A 220 Bbh 5,

5. &8

EMESkE N -2 & LT, EE#HLITESi, Mn, P D ¥R

45

BREHRD - % O Fe-Al ERMILAMERED IC RITTRMBRSORE

WD > XD Fe-Al S BREMLAMA R ET - RITTHE
IZB8 L C0.15mass% ALV, 0.20mass% AIRDIFA THE
L, UTomR 87,

(1) BAIBEIZLS TF-AIZBRILAMERRITR
Mo SiBOBMICHEWRES T3, ZThid, BEstibFICARK
AN BIEEESIOEBIZ K BHBDOBEBBUEDELWETIC
KHEDLEIOLNS,

(2) ®-oEREOFe-AIEKEIX, 0.15mass% ALATiE
EhMnBOEE 22T LV, —F, 020mass% AlIB T
I Fe-AIR B MnBEOBMNICHEVEA TS, Zhid, Bisd

RFICRM RIS AR T 2 KK Mn BRAU AME AR I3 8%

DEBIZHELRITZ VDI L, BAIBTIZFe-AlH
DALBOMREEE L UTERAT 320 BRI IS,

(3) HoEHDOFe-AlEBRILAMAERRIZ, BALR
BIZLKOTEMPPROMELZII v, PRIMICKSEK
MEROBBHEDOZE, Fe-AlthD ALEMIIHEIRIRIE &0
dDLELONS,

X ik

1) Y.Hirose, H.Togawa and J.Sumiya: Tetsu-to-Hagané, 68 (1982), 665.
2) ANishimoto, J.Inagaki and K.Nakaoka: Tetsu-to-Hagané, 72 (1986),
989.

"3) H.Takada, M.Sudo, I.Tsukatani, D.Takai, A.Hase and K.Tsuji: Tetsu-

to-Hagané, 68 (1982), 1397.

4) M.Arai, Y.Adachi, T.Nakamori and N.Usuki: Tetsu-to-Hagané, 83
(1997), 713.

5) A.R.PGhuman and J.1.Goldstein: Metall. Trans., 2 (1971), 2903.

6) M.Urednicek and J.S.Kirkaldy: Z. Metallkd., 64 (1973), 899.

7) H.Yamaguchi and Y.Hisamatsu: Tetsu-to-Hagané, 63 (1977), 1160.

8) H.Nitto, T.Yamazaki, N.Morita, K.Yabe and S.Bando: Tetsu-fo-
Hagané, 70 (1984), 1719.

9) M.Saito, Y.Uchida, TKittaka, Y.Hirose and Y.Hisamatsu: Tetsu-fo-
Hagané, 77 (1991), 947.

10) JInagaki, M.Sakurai and T.Watanabe: Tetsu-to-Hagané, 79 (1993),
1273.

11) E.Baril and G.Lesperance: Metall. Trans. A, 30A (1999), 681.

12) V.Furdanowicz and C.R.Shastry: Metall. Trans. A, 30A (1999), 3031.

13) G.JHarvey and P.D.Mercer: Metall. Trans., 4 (1973), 619.

14) Y.Funahashi, S.Keba, N.Yoshida and Y.Matsumura: CAMP-ISIJ, 4
(1991), 1412.

15) M.Isobe, K.Kyono, N.Morito and A.Yasuda: CAMP-ISLJ, 6 (1993),
1567. ’

16) V.T.Heumann and S.Dittrich: Z. Metallkd., 50 (1959), 617.

17) N.Morito and T.Ichida: Corros. Sci., 17 (1977), 961.

18) S.Yamazaki: Materia Jpn., 37 (1998), 179.

19) J.H.Selverian, A.R.Marder and M.R.Notis: Metall. Trans. A, 20A
(1989), 619.

20) LHertveldt, B.C.De Cooman and S.Claessens: Metall. Trans. A, 31A
(2000), 1225.
21) S.Hashimoto, K.Tahara, E.Hamada, M.Sakurai, JInagaki and

M.Sagiyama: Tetsu-to-Hagané, 84 (1998), 727.

45 I



