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Development of High Temperature Resistant Hot-dipped
Aluminum Coated Steel Sheet
Toshiro YAMADA and Hisao KAWASE
Synopsis :

A study has made of the high temperature properties of a newly developed Al-99,Si coated extra—low
carbon—0.2Ti-0.6Si—1.0Mn steel sheet. Heating at high temperatures resulted in formation of diffusion
layer of Al such as a cementation coatings by calorizing at the surface of the steel, because Ti in the substrate
stabilizes interstitial elements which can inhibit Al to diffuse in «—Fe. Therefore the weight gain by ox-
idation of the steel was only about ten times that of SUS410L stainless steel sheet at 700°C and 800°C in air.
It was found that the alloying behavior between coatings and substrate was caused by diffusion of Al from
coatings to substrate, and diffusion depth of Al was represented as a function of temperature and time.
Since the strength of the steel at high temperature up to 800°C is nearly equal to that of SUS410L, it is

expected to apply the steel to automotive exhaust systems and the like in place of SUS410L.
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Table 1. Chemical composition of steels. (wt?;)

Steel C Si Mn P S Cr Ti sol. Al N
A 0.009 0.57 0.99 0.014 0. 006 0.03 0. 30 0. 046 0.0038
B 0.011 0.02 0.17 0.013 0. 008 0.15 0.21 0.034 0. 0040
C 0.012 0.39 0. 49 0.021 0. 007 12.12 tr 0. 001 0. 0021

Steel A and B: Al-9%Si coated steel sheets.
Steel C: 12Cr stainless steel sheet.
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Fig. 1. Effect of Si and Mn on tensile strength
of extra-low carbon-0.2Ti steel at room temper-
ature.
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Photo. 1. Cross section of Al-99Si coated extra-low carbon steels after heating at

800°C for 200 h in air.
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Photo. 2. Cross section of steel A.

Table 2. Tensile properties of steels.
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Fig. 2. Comparison of tensile strength of steel
A, B and C at elevated temperatures,
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Fig. 3. Variation of tensile strength of steel A,
B and C after heating at elevated temperatures
for 24h in air.
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Fig. 4. Oxidation weight gain of steel A, B and
C after cyclic heating at 700°C and 800°C for
20h in air.
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Fig. 5. Temperature and time dependence of
formation of Al-Fe-Si ternary intermetallic com-
pounds in steel A after heating.
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Fig. 6. Temperature and time dependence of
formation of Fe-Al binary intermetallic com-
pounds in steel A after heating.
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Photo. 3. Cross section of steel A after
heating at 600°C for 200 h.
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Fig. 7. Line analysis (EPMA) of Al, Fe and O on cross section of steel A before and

after heating at 800°C.
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Fig. 8. Temperature and time dependence of
depth of Al-diffused zone in steel A after
heating.
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Fig. 9. Relation between depth of Al-diffused
zone and parameter Q of temperature and time
in steel A after heating.

WEGBERARED bh, BEFOEZ EECBERR
F—~EThHorI ENPELNTHD. D ki, HOX
R LR ~D Al DIEBBRRC I« oG BELA
MDA - Wk CEEAENE IR 0D, £
e UTRRE LR X BE I N2 B i3S
ELTHRYHNELZEERERL TWwbh. £I°T La-
RSON-MILLER 7z BT, Al © J#BEEX X(um)
PRE TK) LM th) 05 2—2— Q=TA+
logt) TE&ETZZE¥RL KAOBEBEE .

log X=4.39x 10-4T (11.6+log ) —4.438

Fig. 9 1= Al IEBIEX X L5 2—-2—-Q0 B £k
R,
4.4.3 L&t Lo XEEERHD Al BE

— 139 —



1028 % L MR

% 72 4 (1986) 8=

80 — T
0 A 8 (FeAly)
~ 60 | A n (FezAls) |
N T o ire
o1 (Fes
E sor A8l O a-Fe ]
§ 30 - }0 |
< 2 ‘. i
0 by s Y0

1.0 1.5 2.0
Q= T(K) (11.6 + logt(h)) x 10

Fig. 10. Variation of Al content and alloy phase
at the surface of steel A with parameter Q.
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