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Influence of Alloying Elements on the Morphology of
Thin Oxide Film Formed on FeCrX Alloys

B. W. Lee, C. H. Bae*, H. S. Kim
Dept. of Metallurgy, University of Ulsan
*Dept. of Materials Pusan Engineering College

The structure on the scales formed on the surface of Fe-Cr-X alloys exposed to i143K
high temperature sulfidation/oxidation environment has been observed and analysed using
SEM/EDS and XRD.

High density of defects such as pores and cracks were observed in the sulfide scale, (Fe,
Cr)Sx, formed on the surface of Fe-25Cr alloy. These defects allow the direct contact of
alloy/scale interface with hot corrosive gas introduced from high tempeature corrosion enviro-
nment and thus scale do not protect the alloy from extensive corrosion. The addition of
alloying elements, such as aluminium or titanium up to 6wt.% to Fe-25Cr alloy promotes
the formation of thin layer of defect free sulfide film, (Cr, Al)Sx or (Cr, Ti)Sx at the al-
loy/scale interface which improves the protective property of sulfide scale.

Compact and dense oxide film is able to form on the surface of Fe-25Cr-X alloys by the
addition of zirconium as minor alloying element. The enrichment of zirconium at the oxide
film/alloy interface promotes the protective film formation. About 2um thick Al;O; film forms
on the surface of Fe-25Cr-6Al-2Zr alloy in both sulfidation and sulfidation/oxidation environ-
ment. Protective oxide, (Cr, Ti)Ox, about 2um thick film forms on the surface of Fe-25Cr-
6Ti-2Zr alloy with a thin alyer of (Ti, Zr)Ox at the film/alloy interface during exposoure

to the high temperature corrosion environment.
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Table 1. Chemical composition of alloys(wt.%

Specimeﬁ]eme“‘ Fe C Ni Al Ti Zr C P

Fe-Cr 7545 245 — - - — 004 001
Fe-Cr-Al 6775 246 — 56 — — 004 00]
Fe-Cr-Ti 640 301 - — 58 — 004 001
FeCrAlZr 6711 2510 — 56 - 215 003 001
FeCrTiZr 6688 2535 — — 57 202 004 00
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Table 2. initial gas composition(vol.%) and calcu- 3.1

lated PO, and PS; values at 1143K
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Fig. 1. Thermodynamic stability diagram for Fe-Cr
system at 1143K
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B : Sulfidation/Oxidation environment *
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Table 3. Parabolic rate constant(K,) and weight
gain of scale formed during Shours exposure to
sulfidation environment at 1143K

weight gain K
Alloys (n%gcmgz) (mgzcmisec")
Fe-25Cr 140 7.4X101
Fe-25Cr-6Al 16 1.1X10%
Fe-30Cr-6Ti 11 4.9X10%
Fe-25Cr-6Al-2Zr 2.0 -
Fe-25Cr-6Ti-2Zr 14 -
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Photo. 1.
1143K for 5 hours.

Morphology of scale formed on Fe-25Cr alloys exposed to sulfidation environment at
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(A-1) Surface

(B-1) Surface

(A-2) Cross section

(B-2) Cross section

Photo. 2. Morphology of scale formed on Fe-Cr-X alloys exposed to sulfidation environment at 1143K;

(A) Fe-25Cr-6Al alloy exposed for Shours
(B) Fe-30Cr-6Ti alloy exposed for 7hours
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Photo. 3. Morphology of scale formed on Fe-Cr-X alloys exposed to sulfidation environment at 1143K :

(A) Fe-25Cr-6Al-2Zr alloy exposed for 5Shours
(B) Fe-25Cr-6Ti-2Zr alloy exposed for 9hours
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Fig. 3. Weight gain of Fe-Cr-X alloy exposed to
sulfidation/oxidation environment at 1143K.

Table 4. Parabalic rate constant(K,) and weight
gain of scale formed during Shours exposure to
sulfidation/oxidation environment at 1143K

weight gain K,

Alloys (mgem?) (mgzcm,i‘sec‘l )
Fe-25Cr 120 6.1x107
Fe-25Cr-6Al 14 8.6X10°
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Surface

Cross section

Photo. 4. Morphology of scale formed on Fe-25Cr alloys exposed to sulfidation environment at

1143K for 5 hours.
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(A-1) Surface

(B-1) Surface

(A-2) Cross section

(B-2) Cross section

Photo. 5. Morphology of scale formed on Fe-Cr-X alloys exposed to sulfidation/oxidation environment

at 1143K;
(A) Fe-25Cr-6Al alloy exposed for Shours
(B) Fe-30Cr-6Ti alloy exposed for 7hours
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(A-1) Surface

(A-2) Cross section

(B-2) Cross section

Photo. 6. Morphology of scale formed on Fe-Cr-X alloys exposed to sulfidation/oxidation environment

at 1143K:

(A) Fe-25Cr-6Al-2Zr alloy exposed for Shours

(B) Fe-25Cr-6Ti-2Zr alloy exposed for Shou
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Fig. 4. Schematic illustration showing corrosion
resistant oxide film development on Fe-25Cr-6Ti-
2Zr or Fe-25Cr-6Al-2Zr alloys exposed to hot cor-
rosion environment at 1143K for 9hours.
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