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Effects of Additives on the Corrosion Resistance of Iron
Aluminides(Fe-38at.% Al-5at.%Cr)
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*Department of Iron Manufacture and Metallurgical Eng., Kwang Yang College,
Kwang Yang City, Chonnam 545-800, Korea
Department of Metallurgical Engineering, Chonnam National University,
Kwang Ju City 500-757, Korea

The effects of additives on the corrosion resistance of iron aluminides(Fe-38at.% Al-5at.%Cr)
were investigated using potentiostat. The specimens were cast by vacuum arc melting. The
subsequent homogenization was carried out in Ar gas atmosphere at 1000°C for 7days. The cor-
roded surfaces of the tested specimens were observed using an optical microscope and a
scanning electron microscope(SEM) after electrochemical tests were carried out in various
solutions.

While the Hf addition to Fe-38at.% Al-5at.%Cr resulted in equiaxial microstructure, the Zr
addition resulted in dendritic microstructure. However, no change in microstructure was observed
when Mo was added. The addition of Mo to Fe-38at . % Al-5at.%Cr intermetallic compound was
found to increase the pitting potential, which improved the resistance against the pitting
corrosion attack. The addition of Hf and Zr resulted in a higher activation current density and a
lower pitting potential. These results may indicate that the dendrite structure played a major
role in decreasing the pitting corrosion resistance of Fe-38at.% Al-5at%Cr intermetallic compound.
The Mo addition to Fe-38at % Al-5at.%Cr decreased the number and size of pits. In the case of
Zr addition, the pits nucleated and grew remarkably at dendritic branches,

Keywords : Corrosion resistance, Iron Aluminides, equiaxial microstrucure, dendritic structure.
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Table 1. Chemical composition of each sample in Fe-
38AI-5Cr alloys.

Chemical Composition(at.%)
Samlpes

Fe | AL o [ Mo i [ zr
FeCrAIMoHf bal. | 38 5 1.0 | 0.1
FeCrAlMoZr | bal | 38 | 5 | 1.0~ 0.5
FeCrAlIHf bal. | 38 5 0.1
FeCrAlZr bal. | 38 5 0.5
FeCrAIMoH{Zr | bal. | 38 5 10 { 01 ] 05
FeCrAlH{Zr bal, | 38 5 01 105
FeCrAlMo bal. | 38 5 1.0
FeCrAl bal. | 38 5
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Fig. 1. Optical micrographs showing variation of microstructure in Fe-38AI-5Cr alloys

(a) Fe-38AI-5Cr
{c) Fe-38AI-5Cr-0.1Hf

(b) Fe-38AI-5Cr-1.0Mo
(d) Fe-38AI-5Cr-0.52r
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Fig. 2. Optical micrographs showing variation of micro- structure in Fe-38AI-5Cr alloys.
(a) Fe-38Ai-5Cr-1.0Mo-0.1Hf, (b) Fe-38Al-5Cr-1.0Mo-0.52r, (c) Fe-38AI-5Cr-1.0Mo-0.1Hf-0.5Zr, (d) Fe-38AI-5Cr-0.1Hf-0.5Zr.
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Fig. 3. X-ray diffraction pattems for Fe-38Al-5Cr, Fe-38Al-5Cr
-1.0Mo, Fe-38AI-5Cr-0.1Hf, and Fe-38AI-5Cr-0.5Zr samples.

1o
oy
2

Jell A A% Mo9t Hf7F H718 (a)
Zo] vjAge AAYEE HolA
A Zre) AR ZFo| Fr|fez Wi
F Atk ()& (b)9) A 0.1at.%Hf
Arrg Ao B2A £AGT AR 8] Atolvt
T MoZl H7bEA &

ot
HU_B,
e

i
b
ol

58
oo
o
u

Mo oo W
2 of
2
2

|
7M. Hfe £2 AuxE z2he= JAE A3y
Hfd7bego] BoldeE A7t Zrislel 24 |ol
oA s Ho) Zre 24 FshdzHconstitutional super-
cooling) 2.2 18} o] AFES FAPst A4S
FAshes Aor v

Fig. 32 Fig. 191 vebd nlA 229 A3z
£ X-Ad FHAAAE ol ARG H2EA
FeAlCr#=ol Mo, Hf ¥ Zrg zM7t d52o2 #



% R

2183 7 7304 A23 2001d 4%

FeAlCr | o FeAl

- ~1.0Mo~0.1Ht o AlZr
- A
B A N
O FeAICr ®
§ -1.0Mo-0.5Zr ,\
= *| .
= Pt A .IU \,L ML—
2 FeAICr-1.0Mo |
E -0.1HI-0.52r |
-~ ol
T Prwmttomtieion LA._..__..JL..___*/\____.
e FeAICr
< | -o.1H-05Zr

“*ﬁ*fﬁﬂL;]. e

20 30 40 50 60 70 80 90
Dffraction Angle (20)

Fig. 4. X-ray diffraction patterns for
Fe-38Al-5Cr-1.0Mo-0.1Hf, Fe-38AI-5Cr-1.0Mo-0.5Zr,
Fe-38AI-5Cr-1.0Mo-0.1Hf-0.5Zr, and
Fe-38AI-5Cr-0.1Hf-0.5Zr samples.
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Fig. 5. Anodic polarization curves for Fe-38Al-5Cr, Fe-
3BAI-5Cr-1.0Mo, Fe-38AI-5Cr-0.1Hf, and Fe-38AI-5Cr-0.5Zr
samples in 0.tM H;SO, solution at 25°C.
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Fig. 6. Anodic polarization curves for Fe-38Al-5Cr-1.0Mo-

0.1Hf, Fe-38AlI-5Cr-1.0Mo-0.5Zr, Fe-38Al-5Cr-1.0Mo-0.1Hf-
0.5Zr, and Fe-38AI-5Cr-0.1Hf-0.5Zr samples In 0.1M H;SO,
solution at 25°C.
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Fig. 7. Cyclic potentiodynamic polarization curves for Fe-

38AI-5Cr, Fe-38AI-5Cr-1.0Mo, Fe-38AI-5Cr-0.1Hf, and Fe-
38AI-5Cr-0.52r samples in 0.1M HC! solution at 25°C.
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Fig. 8. Cyclic potenticdynamic polarization curves for

Fe-38AI-5Cr-1.0Mo-0.1Hf, Fe-38Al-5Cr-1.0M0-0.5Zr, Fe-38Al-
5Cr-1.0Mo-0.1Hf-0.5Zr, and Fe-38AI-5Cr-0.1Hf-0.5Zr samples
in 0.1M HCI solution at 25°C.
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Fig. 82 Fe-38at.%Al-5at.%Cr-1.0at.%Mo-0.1at,
%Hf, Fe-38at.% Al-5at.%Cr-1.0at.%Mo-0.5at. %Zr,
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Fig. 9. Current density - time curves for Fe-38AI-5Cr-
1.0Mo-0.1Hf, Fe-38A1-5Cr-1.0Mo-0.57r, Fe-38A1-5Cr-1.0Mo-0.1Hf-
0.5Zr, and Fe-38AI-5Cr-0.1Hf-0.52r samples in 0.1M H2S0.
+ 0.1M HCI solution at 25°C.

Table 2. Corrosion, pitting and repassivation potential
values of Fe-38AI-5Cr intermetallics with alloying elements
after CPPT in 0.1M HCI solution.

Eplt Erep ECnrr |Ep“ |‘
Samples (mV vs. | (mV vs. | (mV vs. (i
SCE) SCE) SCE) nSlCE\)/S'
FeAlCr - 200 | - 300 - 460 260
FeAlCrMo - 50 | - 200 - 410 360
FeAlCrHf - 150 | - 360 - 300 150
FeAlCrZr - 170 | - 390 - 420 250
FeAlCrMoHf 20 | - 250 - 380 400
FeAlCrMoZr - 170 | - 320 - 370 200
FeAlCrMoH{Zr - 80 ) - 270 - 440 360
FeAlCrH{Zr -160 | - 350 - 560 400
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Fig. 10. SEM micrographs showing corrosion behavior of Fe-38AI-5Cr system after CPPT in 0.1M HC! solution at 25°C.
(a) Fe-38BAI-5Cr,  (b) Fe-38AI-5Cr-1.0Mo,  (c) Fe-38AI-5Cr-0.1Hf,  (d) Fe-38AI-5Cr-0.5Zr

() gasd AR

Fig. 11. SEM micrographs showing corrosion behavior of Fe-38AI-5Cr system after CPPT in 0.1M HC! solution at 25°C.
(a} Fe-3BAI-5Cr-1.0Mo-0.1Hf, (b) Fe-38AI-5Cr-1.0Mo-0.5Zr, (c) Fe-38Al-5Cr-1.0Mo-0.1Hf-0.5Zr, (d) Fe-38AI-5Cr-0.1Hf-0.5Zr
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