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Quantitative Analysis of Laves Phase
in Ferritic Stainless Steels for Automotive Exhaust Manifolds
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Abstract:

A method for quantitative analysis of Laves phase in ferritic stainless steels for automotive exhaust manifolds has
been established. It was found that the Laves phase in precipitates extracted by electrolysis was dissolved
selectively with 1 mass% KMnO4/25 vol% H2SO4 solution. The amount and chemical composition of Laves phase

was successfully obtained as the difference between the analytical results of this residue and the total amount of

precipitates.
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Table 1 Chemical composition of stainless steel sample
(mass%)

C Si Cr Mo Nb N

M, as cold
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Ma, 750°C, 100 h
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Table 2 Identification of precipitates by X-ray diffraction

Precipitates

(Fe, Nb)C
Nb(C, N)
(Fe, Nb)C
Ma Nb(C, N)
Laves phase(Fe, Cr),(Nb, Mo)

x50k x50k

(a)

(b)

(a), (b) Sample M,
(c) Sample Ma

(atomic%)

Fe Cr Si Nb Mo
a 2 2 0 95 0
b 41 7 3 47 2
c 51 9 7 13 20
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1& & EDX (C & 1t #ERL
Photo 1 TEM images and the chemical composition by EDX

of extraction replica obtained from sample M and Ma
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Table 3 Result of chemical treatment

Precipitates
Reagent Temperature Laves phase

MC | Nb(C,N) | (Fe, Cr),

(Nb, Mo)
0.5%Br-MeOH % X %
0.5%I-McOH o o o
10%HCI-MeOH | Room o 0 o
30%HCI-MeOH |temperature | o O 5
H,S0,-H,0, o o N
50%HCI o o 5
21451\?111(;21304Jr s0°c A A X

O: Insoluble  A: Slightly soluble X: Soluble

JFE #3# No. 20 (2008 4£ 6 1)

0.15 ——————— ] 0.03

0.14 0.02

e
=
wn
o
=)
=t

Content of Nb in steel
as precipitates (mass%)
Content of Fe in steel
as precipitates (mass%)

0 ——HH— ] o
0.1 1 10
Concentration of KMnO, (mass%)
1 BYACEL) T LBERDRENVIBEDOZKRAEFD
Fe, No BEICEZ 25E
Fig.1 Content of Fe and Nb in residues after treatment with
each concentration of KMnOy solution
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Fig.2 X-ray diffraction pattern of precipitates before and after
chemical treatment by KMnO4 solution
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Fig.3 The comparison of the chemical composition of Laves
phase in ferritic stainless steel
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