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[Formation of Excellent Hot-dip Zn Coating Layer and lts Nano-level Analysis]
— Cutting Edge Fruits of a Series of Galvanizing Research Consortiums and Future Scope —
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Table1 History of academic research consortiums.
No. | Fiscal years | Chairperson (University) | Consortium Title
1 | 1998-1999 | M.Yamaguchi (Kyoto) | Coating Microstructure and Properties of Galvannealed Steel Sheets
2 | 20002004 | M.Yamaguchi (Kyoto) | Coating Microstructure and Properties of Galvannealed Steel Sheets II
. Structure and Property for Application of Galvannealed Steel Sheets as High
3 | 20062008 | S.Ochiai (Kyoto) .
Performance Materials
. Structure and Property for Application of Galvannealed Steel Sheets as High
4 | 20092010 | S.Ochiai (Kyoto) ,
Performance Materials II
) Effect of Si Addition to Steel Substrate on Coating Properties of Galvannealed
5 | 20102012 | S.Yamaguchi (Tokyo)
Steel Sheets
) Research on the Remarkable Formability Improvement of the Coating Layer on
6 | 20132015 | S.Yamaguchi (Tokyo)
Galvannealed Steel Sheets
. Creation and Nanoscale Analysis of Next-generation Hot-dip Galvanized Steel
7 | 20132015 | R.Kainuma (Tohoku) .
Sheet Coatings
8 | 20162018 | R.Kainuma (Tohoku) Formation of Excellent Hot-Dip Zn Coating Layer and its Nano-level Analysis
9 | 20192021 | R.Kainuma (Tohoku) Analysis of Advanced Hot Plating Film Structure and Physical Properties
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Table2 Organization and member of 8th research consortium (2016-2018fy).

No. | Group theme Academic member (University)

Company secretary

1 | Oxidation, Wettability | M. Ueda (Tokyo Tech.), S. Hayashi (Hokkaido), M. Suzuki (Osaka) |Y. Suzuki (JFE)

2 | Coating reaction R. Kainuma (Tohoku)*, K. Han (Tohoku), T. Koyama (Nagoya), H. Irie (KSL)
N. Takata (Nagoya), S. Kobayashi (Tokyo Tech.)
3 | Solidification H. Yasuda (Kyoto), T. Takaki (Kyoto Tech.) M. Uranaka (NSL)

4 | Deformability

H. Inui (Kyoto), T. Narita (Tohoku), Y. Sutou (Tohoku),
J. Inoue (Tokyo), T. Morikawa (Kyusyu)

H. Takebayashi (NSSC)**
T. Nakamura (NSSC)

Advisor S. Yamaguchi (Tokyo)

(*: Chairperson, **: Vice Chairperson)




5258 Vol.26 (2021) No.1

Fe-Zn RIRREXIZ, 76K L < DM N D 5032 6 ORI
AR DD 7% L T h -7z, Fe & Zn DRl R 7LD ZEN
KELAEEMEET 2 Z L 28U W 72D OPE IRk
B L H X T % 7223, fliFe,/ $iZn O R HIRIE TH 5
N5 EIBEMEAYIO AR HERE 2SRRI kD K& <2
16327, 5¢- T, HGHEDOFIARERD 2 TCRIRFER = Fo
FE3LR-HOERTHZEHZ NS, 2T, W HIF5
(3. DB AR U TR S A RO Fe-Zn & %
ZRAFEL . EPMAIZ K 0 2 A O Pt P %2 5K
% Z & TFeZn RRRERI 2 vz L 725, Z OREH, fEkZ
ANENTE 7= Fe-ZnIREX & 13O DM THRE 5 Z LM
HIBH U 72, Fig.2 (a) 128512 & 3 ZnfPIRREX & /R4 $Ek
76 oM. 2 FAKH] & BHHHOBIRIZ 5 5 o, &
OnMZ i d Z e RE SN T h, RIfEIZLD %
OMBEARHPE iz, FHEHTREL, (RS O MED - 7=
Oyp= O+ § B 2 ML A 450 CHHEICTAET 5 2 & Th
%, ORI TR E L & &b 0y, MHIE 450°C P LoD sk

TORRETH B EDMENnE o7z, 72, B> = ZInil
H1D450°C 12 #51F % Fe D IERRE I HE R 1349 0.03at. % P2 &
ENTE22D, EFelREDZInA4 % W TEPMASGHT L 7=
R, WA Fe IR 13590.6at. % Td D . HERDIEMRE &
DRI2015 & N T E D h 5 72,

g, H 513, X 5I2Fe-Al" ¥ X U Fe-Zn-Al"Y =J0R4k
REXIOPEIZ S B LA 72, Fig.2 (b) 13, AEETHEL -
Fe-Zn-Al = JCRIRREX T H 5 7, EKIMED b > 723 TT/LA
P 2O WA LR < . 0y, WIS TG & TRIE A3 e
RBENLE 5T, 72, WD Fe /B 13, AlJE & ik
0.8at. % T2 % T2 TN 2 AN R 6 h iz,

A S E, MiZnd > B & Zn-0.2% A1 - Z BRI Si
WEAEZ-WMERML, ZORERISEHEL -2, %
DRER. AR > & TREPSIOAMIC LS. wo& L
SR R Fe, Al Ml 72 & Do) TREBTE L > & Ok E
LB A 5 72 DI L. Fig. 312 & 5 1SHliZn ¥ - %
HCIGT SIARMR QRN PR, B EREIE S AL B

Steel A(Oxidized at 550°C for 80s and reduced at 500°C for 320s)

| os [Tl 0005s

|-ZICII .Steel- v I :

Steel B(Oxidized at 650°C for Os and reduced at 850°C for 320s)

[ 305
=)

Fig.1 Observed wetting behavior of liquid Zn-Al droplet on Fe-1.0 wt% Si alloy substrate after

oxidation and reduction treatment.
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Fig.2 Zn-rich portions of phase diagrams in (a) the Fe-Zn binary system and (b) the Fe-Zn-Al ternary system at 450°C .
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Fig.3 Variations of thickness of the Zn coating as a function of
dipping time'?.
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Fig.4 Schematic showing the Interfacial reaction between
Zn-0.2%Al alloy melt and Fe, Fe-1%Si alloy™.

Fig.5 (a) Cross section of microstructure and (b) surface relief of

Zn-55%Al plating.
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Fig.6 3D image of Al-50%Zn alloy, reconstructed by time-resolved
tomography. 1.7mm x 1.5mm x 0.74mm.
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Fig.7 Dendritic morphologies at t =0.329 s for various crystal orientations a .
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Fig.8 Ordered structures of 1 -Fe2Als appearing in Fe-Al binary alloys.

Fig.9 SEM images of Zn-Fe films with various Fe contents after
3-point bending test (a) 16.2 at.% Fe, (b) 17.2 at.% Fe (c)
20.0 at.% Fe, (d) 24.4 at.% Fe and (e) 34.3 at.% Fe films2?,
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Fig.10 Grain size dependence of toughness of I+ and
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