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Abstract

The corrosion behavior of an Fe—20Mn—11Al-1.8C-5Cr alloy prepared by spark plasma sintering was investigated via
immersion tests in molten aluminum at 750 °C for 1 and 4 h, respectively, and a hot work steel (AISI H13) was included as
a reference. The experimental results show that the corrosion rate of Fe~20Mn-11Al-1.8C-5Cr alloy is ~ 24% of that of
H13 steel, suggesting that Fe—20Mn—11Al-1.8C-5Cr alloy in molten aluminum possesses better corrosion resistance than
H13 steel. Detailed analysis show that k-carbide ((Fe, Mn);AIC,) and Cr,C; carbide precipitated in the matrix play a key
role in enhancing the corrosion resistance of Fe—20Mn—11Al-1.8C-5Cr alloy in molten aluminum. Both of them show
better corrosion resistance than y-Fe matrix and H13 steel, and can also take on the role of roots in grasping the corrosion
product and restrain them from spalling into the molten aluminum.
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1 Introduction

Corrosion in molten aluminum is usually used to evaluate
the durability of material exposed to molten aluminum in
many engineering applications such as die casting, con-
tainment of liquid aluminum and semisolid processing,
since molten aluminum is one of the most aggressive
metals to a variety of materials [1]. Corrosion related to Al
melt can decrease the service life of working parts directly
contacting with molten aluminum and affect the quality of
the produced metal or the tolerance of aluminum alloy
castings. Most of working parts directly contacting with
molten aluminum are made of various steels in the
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aluminum industry. Inspection of the literatures [2-5]
reveals that molten aluminum can often react with Fe to
form two intermetallic layers (Fe,Al;5 directly adjacent to
the aluminum and Fe,Als adjacent to the steel substrate)
with hundreds of microns in thickness when pure solid
iron/various steels and Al melt come into contact with each
other. However, such Fe—Al intermetallics formed in var-
ious steels are easy to spalling from the steel and enter into
Al melt because of their big thickness, bad compactness
and weak bond to the substrate especially when rapid rel-
ative motion exists between the steel and molten Al melt,
which would facilitate new growth of intermetallics and
faster corrosion of substrate. Detachment of these inter-
metallics and dissolution of Fe into Al melt would lead to
the loss of material both at the atomic scale and in blocks.
Thus, the corrosion resistance of solid iron and various
steels in molten aluminum is usually characterized as
unsatisfactory although they have excellent workability,
toughness and cheapness. To extend the service life of
working parts directly contacting with molten aluminum,
new materials, such as Fe—Cr-B cast steel [6] which has
high resistance to molten aluminum, are being developed
to replace the traditional iron-based alloys.

Despite attempts to develop austenitic Fe—-Mn—-Al-C
alloys with high contents of Mn and Al for corrosion
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resistance application as a potential substitute for more
expensive Fe—Cr—Ni-based stainless steels by replacement
of Cr and Ni with less expensive Al and Mn [7], the cor-
rosion resistance of the austenitic Fe-Mn—Al-C alloys was
not adequate for applications in many environments. Cr
was found to be able to improve the corrosion resistance
[8-10] and the high-temperature oxidation resistance [11]
of the austenitic Fe-Mn—AIl-C alloys. In the study of Fe—
Mn-Al-C—Cr alloys, it was found that the Fe-20Mn-—
11Al-1.8C-5Cr alloy prepared by spark plasma sintering
(SPS) consisted of k-carbide ((Fe, Mn);AlC,), Cr,C5 car-
bide and a trace of Al,O3 which all have good phase sta-
bility at elevated temperatures [12] embedded in the y
matrix [13]. Mainly due to the presence of (Fe, Mn);AIC,
and Cr;Cj, the ultra-fine-grained Fe—-20Mn—11AI-1.8C-
5Cr alloy processed via spark plasma sintering exhibits
good compressive strength at elevated temperatures and
high Vickers hardness at room temperature which are
higher than those of their as-cast counterparts. However,
previous works [14, 15] indicated that the stability of the
(Fe, Mn);AIC; carbide in Fe-Mn-Al-C alloys was affected
by Al content significantly. Thus, the durability of the
spark plasma sintered Fe-20Mn-11A1-1.8C-5Cr alloy in
pure aluminum melt is of interest. This study systemati-
cally investigates the corrosion rate, interfacial morphology
and corrosion products of the spark plasma sintering pro-
cessed Fe—20Mn-11Al1-1.8C-5Cr alloy in pure aluminum
melt at 750 °C, aiming to provide data for corrosion
behavior of this alloy system in molten metal.

2 Experimental
2.1 Materials tested

In the present study, the Fe—20Mn-11A1-1.8C-5Cr alloy
was prepared by using mechanical alloying (MA) with
subsequent SPS. MA is a solid-state powder processing
technique involving repeated welding, fracturing and
rewelding of powder particles. The main advantages of MA
are its simple process as well as low cost and ability to
prepare supersaturated solid solutions or nanocrystalline
structure materials [16]. SPS is a novel process that uses
pulsed high DC current with uniaxial pressure to rapidly
consolidate powders of metals, ceramics and composite
materials [17]. SPS can produce a densely bulk material
with a minimal grain growth and a controlled microstruc-
ture quickly, which is advantageous to improve the
mechanical properties of the bulk [18, 19]. Fe, Mn, Al and
Cr (99.9 wt% purity, < 45 pm) powders as well as C (99.9
wt% purity, < 600 um) powder were firstly blended with
the nominal composition of Fe-20Mn-11Al-1.8C-5Cr
(Wt%). Then, 100 g of the blend elemental powders and
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1000 g of WC grinding balls of 5 mm in diameter were
packed in a stainless steel vessel. The milling was carried
out in a QM-3SP4 high energy planetary ball mill at 300 r/
min, with an ON time of 60 min followed by an OFF time
of 10 min. Under an argon atmosphere, the powders were
wet milled for 5h by adding cyclohexane as process
control agent (PCA) after 45 h of dry milling. After being
dried, the sieved powder of 16 g was subsequently sintered
by Dr. Sinter Model SPS-825 Spark Plasma Sintering
System at 1100 °C for 5 min at a pressure of 50 MPa under
vacuum (residual cell pressure < 8 Pa). The samples were
heated to 600 °C within 6 min, while from 600 to 1000 °C
and from 1000 to 1100 °C, heating rates were reduced to
50 and 10 °C/min. In addition, the H13 steel widely used in
the aluminum industry whose chemical is shown in Table 1
[20] was selected as the contrast material. The measured
densities of H13 and Fe-20Mn-11Al-1.8C-5Cr were 7.73
and 6.35 g/em®, respectively. As a typical presentation of
microstructures shown in Fig. 1, the tested Fe—20Mn—
11A1-1.8C—5Cr alloy consists of 7y-matrix, K-carbide,
Cr;C; carbide and Al,O3. More details would be found in
previous work [13].

2.2 Corrosion test

The corrosion tests were conducted in pure Al melt at
750 °C for 1 and 4 h. Before corrosion tests, the test
specimens with dimensions of 10 mm x 7.5 mm x 7.5
mm were cut from the H13 steels and the as-sintered Fe—
20Mn-11Al-1.8C-5Cr samples. All the samples were
ground to a 2000-grit finish. After coating five faces of the
specimen with ZnO,, the specimen was dried, wrapped
with graphite paper, held in a graphite die and then dipped
into the molten aluminum for 1 h and 4 h. After the cor-
rosion test, all the samples were withdrawn and cooled in
air. Based on the chemical equation 2Al 4+ 2NaOH +
2H,0 — 2NaAlO, + 3H,T, soaking the immersed speci-
mens in NaOH solution is one effective method to clean the
residual solidified aluminum sticking to samples without
effect on iron-based alloy and intermetallics, and 10%
NaOH solution has been generally accepted by many
researchers and adopted in many applications [21-23].
Thus, the parallel test sample was soaked in a 10 wt%
NaOH solution to eliminate the solidified Al sticking to
samples before weight losses measurement in this work.
Next, the samples were ultrasonically cleaned with acetone
and alcohol for thorough sweep of NaOH. Then, volume

Table 1 Chemical composition of H13 steel (wt%) [20]

Element C Si Cr Mo Mn Ni \'% Fe

Content 038 10 53 13 04 005 09 Balance
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Fig. 1 SEM image of Fe—20Mn-11Al-1.8C-5Cr alloy consolidated
by SPS at 1100 °C for 5 min under pressure of 50 MPa

losses were gained from the measured weight losses.
According to Refs. [21, 23], the final corrosion rate (V) was
expressed in (mm3 cm 2 hfl) in present study [21, 23].

The cross-sectional images of the H13 and Fe-20Mn—
11A1-1.8C—5Cr samples after being immersed in 750 °C
Al melt were investigated in a scanning electron micro-
scope (SEM, Phenom proX, Phenom-World B.V,
Netherlands). Element distribution of the corrosion product
was analyzed using an electron probe microanalyzer
(EPMA-1600). The concentration profiles changes of Fe,
Mn, Al, C and Cr from the matrix materials to the outer Al
were measured using energy dispersive spectrometer
(EDS) line scan. EDS attached to SEM was employed to
identify the phase composition of the corrosion products.
The phase structure of the reaction products was identified
by X-ray diffraction (XRD, D8-Advance, Bruker,
Germany).

3 Results
3.1 Corrosion resistance

Weight loss per unit time per unit area [22], variation of
intermetallic layer thickness with corrosion time [3, 4, 23]
and volume loss per unit time per unit area [21, 24, 25] are
three typical methods used to characterize corrosion rate of
materials in molten metal. The calculation of weight loss
directly describes the relative weight change of the test
material over the duration of the immersion time. However,

it is unreasonable for the evaluation of materials with dif-
ferent density because of not considering the density dif-
ference of various materials. Variation of intermetallic
layer thickness with corrosion time is not fit for the cor-
rosion over long time either, because the corrosion prod-
ucts usually break off into molten Al melt as the corrosion
time increases. The determination of the volume loss as
corrosion rate takes into consideration the breaking off of
the formed intermetallics over the given immersion time
and the density difference of various materials. The mean
corrosion rates of H13 and Fe-20Mn-11Al-1.8C-5Cr
alloy in Al melt are shown in Fig. 2. It is obvious that the
sintered Fe—20Mn—11Al-1.8C-5Cr alloy exhibits a lower
corrosion rate, about 24% of that of H13 steel, suggesting
that the corrosion resistance of Fe—20Mn—11A1-1.8C-5Cr
alloy in Al melt is better than that of H13 steel.

3.2 Cross-sectional images

Figure 3 shows the cross-sectional images of Fe-20Mn—
11A1-1.8C-5Cr and H13 steel after being immersed in
750 °C Al melt for 1 and 4 h, respectively. Figure 3c, d
shows that all the corrosion interfaces include substrate,
intermetallics and Al for two kinds of test samples. It
shows that the corrosion product contains two inter-
metallics layers, layer L (L; and L,) and layer R (R; and
R,), which lies close to the matrix materials and outer Al,
respectively. For both materials, layer L grows into the
matrix materials with tongue-like shape, and the thickness
of layer L is obviously bigger than that of layer R. As for
Fe-20Mn-11Al-1.8C-5Cr alloy, obvious cracks can be
observed. It is interesting that the cracks only formed at the
interface between layer L, and Fe—20Mn—11Al-1.8C-5Cr
alloy substrate instead of along with the interface between
layer L, and layer L,, which indicates that the bonding
between different layers is stronger. Moreover, cracks in

60 P Fe-20Mn-11Al-1.8C-5Cr
H13

50

404

301

204

10

0 !
1h 4h
Test time/h

Corrosion rate/(mm® cm? h™)

Fig. 2 Corrosion rates of Fe—20Mn—11A1-1.8C—5Cr and H13 steel
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Fig. 3 Cross-sectional images of corrosion interface after being immersed in 750 °C Al melt

this intermetallics layer propagate parallel to the specimen
surface. Some solidified Al is observed in layer R imme-
diately close to the outer Al layer, indicating the inward
diffusion of Al into the substrate due to the porous structure
of Ry and R,. The cross-sectional images of the corrosion
interface between layer R and the outer Al layer are dif-
ferent for H13 steel and Fe—20Mn—11Al-1.8C-5Cr alloy.
As for H13 steel, the interface R; grows into the solidified
Al with serrate-like shape as shown in Fig. 3c. However,
the interface R, for Fe-20Mn-11Al-1.8C-5Cr alloy is
relatively porous and presents some irregular products
toward the outer Al layer as shown in Fig. 3d. Addition-
ally, Fig. 3 shows that white short rod-shaped phases are
present in the outer Al layer for two materials, suggesting
dissolution of the substrate alloying elements into the Al
melt and forming Al-rich compound, or detachment of
intermetallics into the Al melt. It is interesting that the
amount of white short rod-shaped phases distributed in the
solidified Al layer for H13 steels is more than that for Fe—
20Mn-11A1-1.8C-5Cr alloys, indicating that the dissolu-
tion of substrate alloying elements or detachment of
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intermetallics into the Al melt in the case of H13 steel may
be faster than that of Fe—20Mn—11A1-1.8C-5Cr alloy. In
addition, the thickness of the intermetallic layer for Fe—
20Mn-11A1-1.8C-5Cr alloy is thinner than that for H13
steel at the same immersion time irrespective of the
thickness of crack, which will be explained hereinafter.
Evidently, the intermetallic layer for Fe-20Mn-11Al-
1.8C-5Cr alloy at 4 h (Fig. 3d) is thicker than that at 1 h
(Fig. 3b); however, the intermetallic layer for H13 steel at
4 h (Fig. 3c) is thinner than that at 1 h (Fig. 3a). These
variation trends are similar to previous studies [20, 22].

3.3 Corrosion products

Figure 4 shows the mapping results of the interface of Fe—
20Mn-11Al-1.8C-5Cr alloy after immersion testing at
750 °C for 4 h by using EPMA. It can be seen that Al, Fe,
Mn and Cr are present in the intermetallic layer, and
contents of Al and Fe between the two layers are different.
The concentration of Al in layer R, is higher than that in
layer L,, and the concentration of Fe in layer R, is lower
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(b)

Fig. 4 EPMA image of interfacial morphology (a) and corresponding element distribution (b—f) of Fe-20Mn-11Al-1.8C-5Cr alloy after

immersion testing at 750 °C for 4 h

than that in layer L,. Inward diffusion of Al into relatively
porous layer R, could be one reason for this. Meanwhile, it
is also possibly due to the presence of different inter-
metallic compounds containing different contents of Al and
Fe at the interface between molten aluminum and Fe—
20Mn-11A1-1.8C-5Cr alloy.

Figure 5 shows the back scattered electron (BSE) ima-
ges of corrosion interface and corresponding line-scan
profiles of phases in H13 steel and Fe—20Mn-11A1-1.8C—
5Cr alloy after being immersed in 750 °C molten alu-
minum for 4 h. As can be seen from Fig. 5b, content of Al
went up when the scanning line approaches layer R, while
content of Fe declined, suggesting that layer L; contains
more Fe and layer R, near the outer Al layer contains more
Al. In the case of Fe-20Mn-11Al-1.8C-5Cr alloy, the
concentration variations of Fe, Mn, Al, C and Cr along the
scanning line identified in Fig. 5c are shown in Fig. 5d. It
can be seen that the concentration of Al, Fe, Mn and Cr
between layer L, and R, exhibits obvious differences. The
intermetallic layer L, near substrate contains more Fe and
the intermetallic layer R, near the solidified Al contains
more Al.

Figure 6a, b shows magnified micrographs of the layers
L, and R, of H13 as shown in Fig. 5a. The intermetallic
compound formed in the interface between the layer L; and
H13 steel substrate is typically tongue-like, which is con-
sistent with structure as shown in Fig. 3c. Meanwhile,
some small cracks at the interface between layer L; and R,
could be observed as shown in Fig. 6b, which means that

the bonding between different layers L; and R; is weak.
Although these cracks are small, they are quite irregular
and propagate into layer L; and layer R;. Gradual propa-
gation of theses cracks would result in detachment of
intermetallics into Al melt, which could account for the
decrease of intermetallics thickness for H13 steel as shown
in Fig. 3a, c. For H13 steel, the corrosion products after
being immersed in molten aluminum have been generally
accepted to be Fe,Alj; and Fe,Als [20, 22, 24]. Figure 6c,
d shows magnified micrographs of the layers L, and R, of
Fe—20Mn-11Al1-1.8C-5Cr as shown in Fig. 5c. The mag-
nified micrograph shows that the layer L, is dense and
there are at least two different regions (regions 1 and 2) in
the layer L, (Fig. 6¢), while layer R, is more porous
especially at the position immediately adjacent to the
solidified Al (Fig. 6d). The presence of two different
regions in layer L, is related to the microstructure of Fe—
20Mn-11A1-1.8C-5Cr substrate consisting of two main
constituent phases (y and (Fe, Mn);AIC,) with different
contents of Mn and Cr as shown in Fig. 1. According to the
EDS results of regions 1-4 in Fig. 6¢, d as listed in
Table 2, the two phases formed in layer L, and R, are
probably (Fe, Mn, Cr),Als and (Fe, Mn, Cr),Al,3, respec-
tively. Moreover, thickness of layer L, is bigger than that
of layer R, as shown in Fig. 5c, suggesting that the volume
of intermetallics in layer L, is bigger than that in layer R,.

Figure 7 shows the XRD pattern of the corrosion
products formed on the present Fe—20Mn—11Al-1.8C-5Cr
alloy after immersing in 750 °C Al melt for 4 h after

@ Springer



568

J. Liu et al.

_____________________________

30pm

0%

(b)

®Al ©C @Fe @Mn@Cr

Fig. 5 BSE image of phase microstructure at corrosion interface after being immersed in 750 °C molten aluminum for 4 h (a, ¢), and
corresponding element distribution by line scan (b, d). a, b H13 steel; ¢, d Fe-20Mn-11Al-1.8C-5Cr alloy

removing the solidified Al from the specimen. Diffraction
peaks very close to Fe,Als and Fe4Al, 5 intermetallics were
observed. Since the BSE micrographs (Fig. 3) as well as
EDS and EPMA analysis (Figs. 4, 5 and 6) show that there
are two phases with different contents of Fe, Mn, Al and Cr
in the intermetallic layers, the two corrosion products in
layer L, and R, (as shown in Fig. 6¢, d) could be confirmed
to be (Fe, Mn, Cr),Als and (Fe, Mn, Cr);Al;3, whose
crystal structures are similar to that of Fe,Als and Fe Al 4,
respectively. This product is different from that examined
by Su et al. [26] in the hot-dip aluminizing of Fe—-8Al-
30Mn-0.8C alloy, in which they reported that only (Fe,
Mn),Als intermetallics formed on the substrate. The dif-
ference of the lattice parameters between (Fe, Mn, Cr),Als
and Fe,Als, as well as the difference of the lattice param-
eters between (Fe, Mn, Cr);Al;3 and Fe Al;5, which is
attributed to the different atomic radii of Fe, Mn and Cr
atoms, may account for the minor difference between
diffraction peaks positions of (Fe, Mn, Cr),Als and Fe,Als,
as well as the minor difference between diffraction peaks
positions of (Fe, Mn, Cr)4Al;; and Fe,Al;3. In addition,
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diffraction peaks of (Fe, Mn)3;AIC, and Cr,C; could also be
observed, while no diffraction peak of y could be observed,
which indicated that some (Fe, Mn)3;AIC, and Cr;C5 car-
bides exist within the corrosion products. This indicates
that there is incomplete even no reaction between (Fe,
Mn);AIC, and molten aluminum as well as between Cr;Cs
and molten aluminum when being immersed in molten
aluminum. That is to say, the corrosion resistance of (Fe,
Mn);AIC, and Cr;C; carbide in Al melt is better than that
of y matrix.

4 Discussion

At first, there are two ways to understand why the corrosion
rate of Fe—20Mn-11A1-1.8C-5Cr alloy is smaller than that
of H13. On the one hand, the presence of k-carbide plays a
key role in enhancing the corrosion resistance of Fe—
20Mn-11Al-1.8C-5Cr alloy in molten aluminum. Zhang
et al. [27] indicated that k-carbide could exist between steel
substrate and diffusion layers after hot-dip aluminizing,
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10pm

Fig. 6 Magnified BSE micrographs of reaction interfaces layers formed on specimens after immersing in 750 °C Al melt for 4 h: layers L,
(a) and R, in Fig. 5a, and layers L, (c¢) and R, (d) in Fig. 5c

Table 2 Chemical composition of phases analyzed by EDS/SEM
(at.%) v (Fe,Mn,Cr)zAls A (Fe,Mn,Cr)‘AI|3
: | ] (Fe,Mn)}Ale ° C1-7C3
Position Al Fe Mn Cr C Phases composition v
1 71.73 1620 647 1.64 3.95 (Fe, Mn, Cr),Als
2 70.19 1820 5.61 148 4.53 (Fe, Mn, Cr),Als 2
3 7431 1693 4.02 136 3.38 (Fe, Mn, Cr)4Alj5 %
4 80.26 12.35 3.68 1.32 239 (Fe, Mn, Cr),Al;; g:
g M 1Y M T SV,
= 2 e
e J'JL‘\,, ) Ao v
indicating that the k-carbide has good durability in Al melt.
XRD result in Fig. 7 confirms the presence of k-carbide in
the corrosion products. On the other hand, Xu et al. [25] . 1 . 1 . 1
20 40 60 80

pointed that durability of alloys in metal melt depends on
their lattice structure to a large extent, and the durability of
FCC structured alloy is better than that of BCC structured g 7 X-ray diffraction pattern of corrosion products formed on the
alloy possibly due to the compactness of the atomic  present Fe~20Mn—11Al-1.8C-5Cr alloy after immersing in 750 °C Al
structure. FCC structured y matrix of Fe-20Mn-11Al-  melt for4h

20/°)
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1.8C-5Cr alloy has atomic structure more dense than that
of the BCC Fe in H13. Therefore, it is reasonable to believe
that the durability of y matrix is better than that of BCC Fe
in H13. In addition, Al,O5 and Cr,C; carbide are inert in
molten aluminum [1], which can also prevent the direct
contacting of Fe and Al melt. This will decrease the growth
of intermetallics, which can explain why the thickness of
the intermetallic layer for Fe—20Mn-11Al-1.8C-5Cr alloy
is thinner than that for H13 steel at the same immersing
time irrespective of the thickness of crack.

Second, it is generally considered that the compositions
of alloy and Al melt significantly affect the microstructure
and morphology of corrosion products [28]. Several studies
[25, 29] pointed that tongue-like interface between the
Fe,Als and H13 is often formed due to the peculiar c-axis
of Fe,Als. In the case of alloy steel, on the one hand, Chen
and Wang [30] and Akdeniz and Mekhrabov [31] pointed
that Cr can reduce the growth rate of the intermetallic layer
and make the steel/intermetallic interfaces more smoother.
Therefore, it can be concluded that Cr can take up the
vacant sites in the c-axis of Fe,Als and decrease the dif-
fusion rate of Al atoms in Fe,Als, resulting in a more flatter
substrate/(Fe, Cr),Als interface. On the other hand, Su et al.
[26] pointed that Mn can enhance the growth rate of Fe,Als
intermetallic and result in a tongue-like interface. It can be
seen that the tongue-like structure in the present Fe—20Mn—
11A1-1.8C-5Cr alloy is similar to that in Fe—8Al-30Mn—
0.8C alloy, which indicates that the effect of Mn on the
growth rate of (Fe, Mn, Cr),Als is more remarkable than
that of Cr in this work.

Finally, the formation mechanism of cracks at the
interface is complex. In the case of H13 steel, the cracks
form at the interface between Fe,Als intermetallic layer
and F,Al,; intermetallic layer and propagate into two
intermetallics layers. The stresses produced during the
growth of the formed intermetallics and the cooling pro-
cess, which resulted from different coefficients of thermal
expansion between different intermetallic layers and Al,
may account for these cracks [22, 31]. Hence, cracks
formed in Fe-20Mn-11A1-1.8C-5Cr alloys are mainly due
to the tensile stress resulted from different thermal
expansion coefficients of the intermetallic layer in com-
parison with the Fe—20Mn-11Al-1.8C-5Cr alloy matrix.
In addition, mechanical polishing could also result in
cracks due to the brittleness of intermetallics.

5 Conclusion

The corrosion behavior of a spark plasma sintering pro-
cessed Fe—-20Mn—11Al-1.8C-5Cr alloy in a 750 °C molten
aluminum was investigated by immersing test. The corro-
sion rate of the as-sintered Fe-20Mn-11Al-1.8C-5Cr alloy
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in molten aluminum is lower than that of H13, which is
mainly due to the presence of k-carbide ((Fe, Mn)3;AIC,),
Cr,C; carbide and Al,O; in the alloy. Their corrosion rates
in Al melt are lower than those of the y phase and BCC Fe.
Furthermore, ((Fe, Mn)3;AIC,) and Cr,C5 carbide can take
on the role of root to grasp the corrosion product and
restrain them from spalling. The intermetallic layers
formed on the surface of the as-sintered Fe—20Mn-11Al-
1.8C-5Cr alloy after immersing test consisted of a majority
of (Fe, Mn, Cr),Als layer, and a minority of (Fe, Mn,
Cr)4Al,; layer. These Mn—Cr-containing corrosion prod-
ucts can also act as an effective diffusion barrier to retard
the interfacial reactions between Fe-20Mn-11Al-1.8C—
5Cr alloy and molten aluminum. Certainly, the FCC
structure in Fe—20Mn—11Al-1.8C-5Cr matrix is also ben-
eficial to the better corrosion resistance of Fe—20Mn—11Al-
1.8C-5Cr alloy than that of H13 steel.
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