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The electrochemical polarization behaviour of the austenitic Fe-8.25 AI-29.95 Mn-0.85 C and 
Fe-9.33 AI-25.94 Mn-1.45 C alloys, either solution-annealed and/or age-treated, was investi- 
gated in 3.5wt% NaCI solution. Potentiodynamic polarization tests showed that these alloys 
passivated with difficulty and had much higher anodic passive current densities than that of 
the conventional austenitic 31 6 stainless steel (SS). The susceptibility to pitting corrosion of 
these alloys under open-circuit potential conditions was also studied in 6% FeCI 3 solution. 
Metallographical examination indicated that pitting and general corrosion occurred on the 
specimen surfaces. The corrosion rates of these alloys were about one order of magnitude 
higher than that of the AISI 316 SS. In general, the corrosion resistances of the Fe-AI-Mn 
alloys studied were inferior to that of the conventional stainless steel. 

1. Introduction 
Conventional Fe-Cr-Ni alloys have been widely and 
successfully used in industry for many years because 
of their good corrosion resistance and mechanical 
properties. On the basis of economic and strategic 
considerations, however, there are demands to develop 
new alloys to substitute for these conventional stain- 
less steels (SS). Among the most promising alloys 
which could serve as effective candidates are the 
Fe-A1-Mn alloys. The Fe-A1-Mn alloys have many 
advantages, for example lower cost, low density, 
excellent mechanical strength and good oxidation 
resistance [1, 2]. Thus, the development of Fe-A1-Mn 
alloys has attracted considerable attention from 
researchers in the past few years. 

Although the Fe-A1-Mn alloys have been reported 
to exhibit good high-temperature oxidation resistance 
[3-5], very little information concerning the corrosion 
behaviour of these alloys in aqueous environments is 
available in the literature. In recent work by Wang 
and Rapp [6], the electrochemical behaviour of several 
ferritic Fe-AI-Mn alloys of varying compositions 
were investigated in 1 N H 2 S O  4 o r  in artificial sea- 
water. They found that ferritic Fe-A1-Mn alloys, with 
respective aluminium and manganese contents less 
than 10 and 8wt%, had better electrochemical 
properties than Fe-10 Cr alloy in both 1 N H2SO 4 
solution and artificial sea-water. They pointed out 
that aluminium could provide passivity for these 
materials in sulphuric acid solution. However, alloys 
with aluminium content less than 10wt% were not 
adequate for marine application as far as corrosion 
resistance was concerned. The adverse effect of man- 
ganese was also recognized by noting the raise of 
the primary passive potential and the critical current 
density in sulphuric acid. 
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The corrosion resistances in sea-water of the 
austenitic Fe-A1-Mn alloys, which contain more 
manganese, were investigated by Wang and Beck [2]. 
They claimed that these austenitic alloys were not 
susceptible to stress-corrosion cracking in sea water. 
Moreover, based upon the electrochemical polariz- 
ation data, they found that the corrosion rate of 
Fe-10 A1-30 Mn-C-Si alloy in sea water was lower 
than that of 18 Cr-9 Ni-Ti stainless steel. Although 
corrosion resistance may be derived from aluminium, 
it is still surprising and unexpected to see that the 
Fe-A1-Mn alloys exhibited better corrosion resist- 
ance than AISI 321 SS. In this study, the electro- 
chemical properties and pitting behaviour of three 
austenitic Fe-A1-Mn alloys in chloride solutions 
were, thus, investigated and their corrosion resistances 
were further evaluated. 

2. Experimental procedure 
Two alloys of compositions Fe-8.25 A1-29.95 Mn- 
0.85 C and Fe-9.33 A1-25.94 Mn-l.45 C were pre- 
pared by melting pure iron, aluminium and man- 
ganeses in a laboratory induction furnace under an 
argon protective atmosphere, and were then cast into 
a steel mould. The cast ingots were hot-forged into 
l lmm thick billets at 1250°C. These billets were 
homogenized at l l00°C for 8h, oil-quenched and 
then cold-rolled to 3 mm. These materials were sub- 
sequently solution-annealed at 950°C for 1 h and 
then oil-quenched. Specimens which were machined 
from the materials with compositions of Fe-8.25 A1- 
29.95 Mn-0.85 C and Fe-9.33 A1-25.94 Mn-l.45 C 
were designated as A and C, respectively. Specimen B 
was the designation for material containing 0.85 wt % 
C which was age-treated (AT) at 550°C for 4 h after 
solution-annealing. For comparison, AISI 316 SS 
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with solid-solution treatment at 1100 ° C for 1.5 h was 
also used (Specimen D). 

Electrochemical polarization curves were obtained 
using a potentiodynamic technique. Samples with 
about 120mm 2 exposed surface area were connected 
with copper wires that were covered with heat- 
shrinkable Teflon tubes, and mounted on to epoxy 
resin. They w e r e  then ground by 600 grit silicon 
carbide paper, washed in distilled water and rinsed 
in acetone prior to use. To avoid interference from 
crevice corrosion, the mounted electrodes were painted 
at the resin-alloy interface with an alkyd varnish. The 
tests were then conducted in a glass cell in which a 
solution containing 3.5% NaCI with a pH of 6.0 was 
de-aerated by purging with nitrogen. Before a test the 
electrodes were cathodically polarized at a potential 
approximately 200 mV more negative than the open- 
circuit potential. Potentiodynamic polarization curves 
were obtained at a potential scan rate of 60 mV min-  1. 
All potentials were measured with respect to a satur- 
ated calomel electrode (SCE). After the polarization 
test, each specimen was examined under an optical 
microscope and scanning electron microscope (SEM). 

Pitting corrosion tests under open-circuit potential 
conditions were also conducted in 6% FeC13 solution 
at 25 ° C. Rectangular coupons with dimensions of  
2mm x 10mm x 10mm were used. Each specimen 
was polished to a 1000 grit silicon carbide finish, 
degreased in acetone in an ultrasonic cleaner, and 
finally washed in distilled water and dried in air. A 
cradle made of glass was used to hold the specimen. 
The specimen contained in the cradle was placed 
inside a 100 ml beaker and completely immersed in the 
test solution. The weight loss of each specimen after a 
3-day test was measured and the corrosion rate was 
calculated accordingly. The surface morphology of 
each specimen after the immersion test was examined 
under the SEM. Energy-dispersive spectrometry 
(EDS) was also used to analyse the corrosion product 
formed on the specimen surface. 

3 .  R e s u l t s  a n d  d i s c u s s i o n  

Potentiodynamic polarization curves for the three 
F e -A I -Mn  alloys and AISI 316 SS in 3.5% NaC1 
solution are given in Fig. 1. For  Type 316 SS (Curve 
D in Fig. 1) the corrosion and the pitting potentials 
were - 420 and + 280 mV (SCE), respectively. In 
3.5 % NaC1 solution, the conventional austenitic stain- 
less steel exhibited a broad passive range with a 
passive current density of  about 5 x 10 -2 A m  -2. 

For  Fe-A1-Mn alloys containing 0 .85wt% C 
(Curve A in Fig. 1) and 1.45wt% C (Curve C in 
Fig. 1), both in the solid-solution condition, the 
corrosion potentials were - 860 and - 840 mV (SCE), 
respectively. The pitting potentials for these two alloys 
were all about - 5 0 0  mV (SCE). From Fig. 1 it was 
found that the polarization curves for these two alloys 
were almost the same, except that the one containing 
0.85 wt % C had a lower anodic current density. The 
passive current densities of alloys containing 0.85 and 
1.45wt% C were 5 x 10 -~ and 8 x 1 0 -1 A m  -2, 
respectively. A wide anodic peak and a narrow passive 
region were observed for each Fe-A1-Mn alloy which 
was solid-solution treated. The electrochemical results 
revealed in Fig. 1 indicated that these two alloys were 
not easily passivated in chloride solution. The poor 
passivation property is probably attributed to the high 
manganese content in these alloys. This result is 
similar to that observed in Cr -Ni -Mn stainless steel 
by Lunarska et al. [7], who found that increasing the 
manganese content in Cr -Ni -Mn stainless steel can 
cause a decrease of the ability to passivate in chloride 
solution. 

For  age-treated Fe-8.25 A1-29.95 Mn-0.85 C 
alloy, the shape of  the polarization curve is similar 
to that of the solution-annealed one (see Curve B in 
Fig. 1). The corrosion and pitting potentials of this 
alloy were - 850 and - 500 mV (SCE), respectively. A 
broad active peak and a narrow passive region indi- 
cate that this alloy is difficult to passivate in a chloride 
environment. Like the solution-annealed alloys, the 
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lO8 Figure 1 The polarization curves of 

Fe-A1-Mn Alloys A to C and D (AIS1316 
SS) in 3.5% NaC1 at 25°C. Scan rate 
60 mV min- 1. 



T A B L E I Electrochemical parameters* for AISI 316 SS and Fe -A1-Mn alloys in 3.5% NaC1 solution at 25°C 

Alloy Ecorr (mVscE) Ecr (mVscE) Epp (mVscE) ip (Am -z) 

316 SS - 4 2 0  280 5.0 × 10 -2 
Alloy A - 8 6 0  - 6 5 0  - 5 0 0  5.0 x 10 -1 .  
Alloy B - 8 5 0  - 7 2 0  - 5 0 0  3.0 x 10 -1+ 
Alloy C - 8 4 0  - 7 2 0  - 5 0 0  8.0 x 10 i-~ 

*Ecorr = corrosion potential, Ec, = critical potential for ac t ive~ass ive  transition, Epp = pitting potential, i v = passive current density. 
*Minimum current density. 

anodic current density in the passive region, 3 x 
10 1 A m 2, is approximately one order of magnitude 
higher than that of AISI 316 SS. Ageing at 550 ° C for 
4 h would cause the precipitation of an Fe3 A1Cx phase 
in the austenite phase [8]. From the present results, 
however, it seems that the presence of Fe3A1Cx pre- 
cipitate did not affect the electrochemical behaviour of 
the Fe-A1-Mn alloy in 3.5% NaC1 solution. The 
characteristic electrochemical parameters of the alloys 
tested in the 3.5% NaC1 solution are listed in Table I. 

The surface appearance of each specimen was 
examined after the polarization test. The results for 
the Fe-A1-Mn alloys are shown in Fig. 2. A large 
number of pits were formed on the specimen surfaces. 
Most of these pits were open with a shallow circular 
shape. Fig. 3 gives an example of the hemispherical pit 
morphology. The pits formed on Fe-A1-Mn alloys 
after the polarization test are quite different from 
those on austenitic stainless steel, which exhibit a deep 
and concave morphology under the same testing con- 
dition (Fig. 4). 

Free pitting' corrosion tests were conducted in 6% 
FeC13 solution (pH 1.2). The corrosion rates for all 
specimens after a 3-day test are listed in Table II. The 
respective corrosion rates for Alloys A, B, and C were 
138, 121 and 105mm per year, which were approxi- 
mately one order of magnitude higher than that for 

AISI 316 SS (8 mm per year). The results clearly indi- 
cate that the corrosion resistances of these three 
Fe-A1-Mn alloys are inferior to that of AISI 316 SS 
in FeC13 solution. The surface appearances of these 
specimens after immersion tests in 6% FeC13 are 
shown in Fig. 5. Although discrete pits were found on 
the AISI 316 SS specimen surface (Fig. 5a), it was not 
severely corroded with the grinding scratches still 
remaining on the surface. Figs 5b to d, however, show 
that extensive general corrosion as well as pitting 
corrosion occurred on the Fe-A1-Mn alloy surfaces. 
Pronounced pitting corrosion was seen for Alloy A 
(solution-treated Fe-8.25 AP29.95 Mn-0.85 C). For 
Alloy C, pitting corrosion was found to a lesser extent 
compared with Alloy A, and this gave rise to the lower 
corrosion rate measured. A cross-section of the 
corroded specimen was also examined after the 
immersion test. Fig. 6 depicts the rough surface 
appearance of Alloy B, illustrating the severe attack 
on the specimen in 6% FeC13 solution. EDS analysis 
of the pit bottom gave results consistent with the 
chemical composition of the Fe-A1-Mn alloy but, in 
addition, revealed the presence of a small amount of 
chlorine (Fig. 7). 

From the experimental results, it was found that 
the three austenitic Fe-A1-Mn alloys with the chemi- 
cal composition given above exhibited very poor 
corrosion resistance as compared with the conven- 
tional 316 SS. The results obtained in this study were 
not consistent with those found for Fe-10 A1-30 Mn-  
C-Si alloy [2]. The difference was probably attribut- 
able to the fact that the alloy used in the latter case 
contained 1 wt % Si. 

Figure 2 Surface appearance of various alloys after polarization 
test: (a) Fe-8.25 A1 29.95 Mn-0.85 C, solution-treated (Alloy A), 
(b) Fe-8.25 A1 29.95 Mn-0.85 C, age-treated (Alloy B), and (c) 
Fe-9.33 AI-25.94 Mn- l . 45  C, solution-treated (Alloy C). 
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Figure 3 Hemispherical pit formed on the specimen 
surface of age-treated Fe 8.25 A1-29.95 Mn-0.85 C 
alloy after potentiodynamic polarization test in 3.5% 
NaC1 at 25°C. 

Figure 4 Deep, concave pit formed on solid-solution 
treated AISI 316 SS specimen surface, after poten- 
tiodynamic polarization test in 3.5% NaCI at 25 ° C. 

Figure 5 Surface appearance of various alloys after being immersed in 6wt % FeCl 3 at 25°C for 3 days: (a) AISI 316 SS, solution-annealed, 
(b) Fe-8.25 AI-29.95 Mn-0.85 C, solution-annealed, (c) Fe-8.25 A1 29.95 M~0.85 C, age-treated, and (d) Fe~.33 A1-25.94 Mn-l.45 C, 
solution-annealed. 
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Figure 6 Micrograph showing a cross-section of  the 
corroded surface of  Fe-8.25 A1-29.95 Mn-0 .85  C age- 
treated in 6 wt % FeC13 for 3 days at 25 ° C. 

T A B L E  II  Corrosion rates of  various F e - A 1 - M n  alloys in 
6 wt % FeC13 solution at 25 ° C 

Alloy Corrosion rate (mm per year) 

316 SS 8 
Alloy A 138 
Alloy B 121 
Alloy C 105 

4. Conclusions 
The electrochemical polarization curves for the 
austenitic Fe-8.25 A1-29.95 Mn-0.85 C and Fe-9.33 
A1-25.94 Mn-l.45 C alloys, either solution-annealed 

and/or age-treated, exhibited an active-to-passive 
transition behaviour in 3.5% NaC1 solution. How- 
ever, these alloys could not passivate as easily as AISI 
316 SS. The passive current density of the latter was 
about one order of magnitude lower than those of the 
Fe-A1-Mn alloys. 

Pitting corrosion accompanied by a severe general 
attack occurred for all three Fe-A1-Mn alloys in 6% 
FeC13 solution. The corrosion rates of these alloys 
were about 15 times higher than that of AISI 316 SS. 
The corrosion resistances of the Fe-A1-Mn alloys 
tested in this study were inferior to that of the conven- 
tional austenitic stainless steel. 
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