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COMPARISON OF HIGH TEMPERATURE CORROSION RESISTANCE IN GASEOUS ENVIRONMENT OF ALLOYS BASED ON
INTERMETALLIC PHASE MATRIX Fe40Al5CrZrB AND STEEL X12CrCoNi2120

POROWNANIE WYSOKOTEMPERATUROWEJ] ODPORNOSCI KOROZYJNEJ W SRODOWISKU GAZOWYM STOPOW NA
OSNOWIE FAZY MIEDZYMETALICZNE] Fe40AI5CrTiB I STALI X12CrCoNi2120

The paper presents results of the research which aim was to compare the corrosion resistance of alloys based on inter-

metallic phase after Fe40AISCrTiB crystallization and after forming the steel corrosion resistant X12CrCoNi2120 species. The
tests were performed for steel at temperature of 700°C Fe40A15CrTiB and for alloy at 1100°C and 9% O, 0.2% HCI + SO,+
0.08 N, environment. In the research the changes of weight after corrosion tests, observations of the surface, specified chemical
and phase composition of corrosion products were made. The obtained results of the study showed a very good corrosion
resistance of Fe40A15CrTiB alloys in high temperature and environments containing oxygen, sulfur and chlorine as compared
to the corrosion resistance of the steel grade X12CrCoNi2120. Results of the research conducted in this scope are the basis
for further research.
Keywords: corrosion resistance, high-temperature corrosion, alloys intermetallic FeAl matrix phase

W artykule przedstawiono wyniki badafi majacych na celu poréwnanie odpornosci korozyjnej stopéw na osnowie fazy mie-
dzymetalicznej Fe40AISCrTiB po krystalizacji i po przerébce plastycznej ze stala odporng na korozje gatunku X12CrCoNi2120.
Badania wykonano dla stali w temperaturze 700°C oraz dla stopu Fe40AISCrTiB w temperaturze 1100°C w §rodowisku: 9%
0,+0,2 HC1 + 0,08% SO,+ N,. Okreslono zmiany masy po badaniach korozyjnych, wykonano obserwacje stanu powierzchni,
okreslono sktad chemiczny i fazowy produktéw korozji. Uzyskane rezultaty badan wykazaly bardzo dobrg odpornosé stopow
Fe40AI5SCrTiB na korozj¢ wysokotemperaturowa w Srodowisku zawierajacym tlen, siarke i chlor w poréwnaniu do odpornosci
korozyjnej stali gatunku X12CrCoNi2120. Wyniki badani prowadzonych w tym zakresie stanowig podstawe do dalszych prac

badawczych.

1. Introduction

Fe-Al alloys are used in many industries. They are used in
the automotive, energy, petrochemical, aerospace or produc-
tion equipment operating at elevated temperatures [1-2]. Such
a broad spectrum of applications, is due to the fact that they
have a specific combination of resistance to an oxidizing at-
mosphere up to 1100°C, especially in environment containing
sulfur and chlorine, and a low density and strength at elevated
temperatures [3-6]. Alloys based on FeAl matrix phase due
to a higher aluminum content, and thus a lower density and a
relatively low price of material (compared to the price of stain-
less steels and steel, which contain expensive elements such as
chromium, nickel and molybdenum) are the subject of a wide
interest [5]. The disadvantages include the low ductility at am-
bient temperature and the decrease in strength at temperatures
above 700°C, resulting from the tendency of these materials
to the coarseness of the crystallization process [7-9]. How-
ever, there are methods which aim is increasing the strength
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of these alloys, and overcoming the problems associated with
poor fracture toughness at room temperature [10-13].

The paper presents the results of corrosion resistance
of the Fe40AISCrTiB alloy after crystallization and plas-
tic forming, in an environment containing oxygen, sul-
fur and chlorine. Comparison of corrosion resistance of
high-temperature Fe40AI5CrTiB alloy and corrosion resis-
tance of X12CrCoNi2120 steel was made. The change of mass
caused by corrosive phenomena in relation to the surface of
the samples was defined. The study was completed at the point
of determining the state of the surface chemical composition,
microanalysis of corrosion products, and their X-ray phase
analysis.

2. Materials and Experimental procedure
Material used in the research consisted of Fe40A15CrTiB

alloy samples after crystallization and after forming and sam-
ples with corrosion-resistant steel X12CrCoNi2120 species.
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The chemical composition of the alloy is shown in Table 1.
Plastically formed material was obtained by extrusion method,
which is the authors own technology and is protected by the
patent. This method hasn’t been used in other technologi-
cal solutions. Corrosion resistance tests were carried out at
700°C for steel and 1100°C for the alloy in the environment
Fe40AISCrTiB 9% O+ 0.2% HCI 0.08% SO+ N,. Test-
ing time of trial was 20h, 40h, 60h, 80h and 100 h. For
each sample the weight before and after the corrosion test
was checked on laboratory weight accuracy 10™*g. Surface of
the samples for which weight change was determined equaled
10 mm?. Alloy microstructure based on intermetallic phase
FeAl before corrosion tests was analyzed by light microscope
OLYMPUS GXS51. Determination of the corrosion surface was
carried out on a scanning electron microscope equipped with
a Hitachi S4200 ray detector EDS (Energy dispersive spec-
troscopy), which allowed to specify chemical composition of
the corrosion products. Phase composition was determined by
X-ray phase analysis using X-ray Jeol JDX 7-S diffractometer.

TABLE 1
Assumed and real chemical composition of the Fe40AISCrZrB alloy
Fe40A15CrZrB Alloy | Content of elemement [% mas.]
Element Fe Al | Cr Ti B
Assumed 70,1 | 245149 | 0,11 | 0,02
Real 70,1 | 24,5 15,3 0,126 | 0,014
3. Results

Analyzing the measurement results after corrosion test for
FeAl alloy and X12CrCoNi2120 steel, it was concluded that
the change of samples weight occurred in different degrees for
various materials (Fig. 1-2). For samples of Fe40AI5SCrTiB al-
loy small change of mass was observed. Corrosion resistance
of X12CrCoNi2120 steel (Fig. 1) (used to produce the ex-
haust valves of internal combustion engines) is much lower
in comparison to the corrosion resistance of an alloy on the
intermetallic matrix Fe40AISCrTiB (Fig. 2). FeAl alloy af-
ter crystallization has lower corrosion resistance as compared
to the corrosion resistance of FeAl alloy processed plastical-
ly. This may be due to the fact that the original FeAl al-
loy microstructure has a number of disadvantages, such as:
shrinkage porosity, dendrites, heterogeneity and coarseness of
the chemical composition of the material (Fig. 3-4). Alloys
on the FeAl intermetallic phases are particularly vulnerable
to the above-mentioned casting defects [4-6]. Such phenom-
enon causes a substantial limitation for the practical use of
these materials in the slate directly after the primary crystal-
lization. Plastic processing of FeAl alloys with intermetallic
matrix largely removes the casting defects (Fig. 5-6). Apply-
ing plastic processing resulted in considerable breaking-up of
microstructure and removing shrinkage and voids, thus led to
the improvement of physico-chemical and mechanical proper-
ties, and consequently to the improvement of corrosion resis-
tance. The EDS X-ray microanalysis of chemical composition
of FeAl samples shows that in the oxidation process corrosion
products are formed mainly containing Fe compounds,
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Fig. 1. Mass change as a function of time for the corrosion test of
X12CrCoNi2120 steel
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Enviroment: 9% O, +0,2 HCl + 0,08% SO, + N,
1100°C

— 0,0030 00

3 [

% 00025 00023 0028

E

g 0,0020 oo —

£ 0,0p15 | _— L—T 00020 940022 ——FeAlafter

5 00015 T : crystallisation
£ / ’ )
® L — ——Fenlafter plastic
B

0,0010

/ 0,0012 processing
,0010

0,0005 /

0,0000

100 Time, [h]

Fig. 2. Mass change as a function of time for the corrosion test
of Fe40AISCrTiB steel for the alloy after crystallization and plastic
processing
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Fig. 3. Microstructure of the Fe40AISCrTiB alloy after primary crys-
tallization
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Fig. 4. Microstructure of the Fe40AI5SCrTiB alloy after primary crys-
tallization, visible coarseness and voids



Fig. 5. Microstructure of Fe40AISCrTiB alloy after plastic processing
by means of extruding

Fig. 6. Microstructure of Fe4d0A15CrTiB alloy after plastic processing,
visible irregular size of particle and separations
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Fig. 7. Microanalysis of chemical composition of Fe40AI5SCrTiB al-
loy after crystallization and corrosion test

resulting in a loss of iron from the surface of the materi-
al (Fig. 7-8). Observations of the samples surface made by
a scanning electron microscope revealed that the surface ar-
eas were aluminum-containing oxides. The presence of Al,O3
passive layers gave FeAl alloy very good heat resistance in
an oxidizing environment. Presumably, in the first stage of
corrosion process the iron was oxidised at the surface layer.
There was also heat-resistant layer of Al,O3;, which hermeti-
cally isolate the rest of the material from oxygen and sulfur
(Fig. 9-10). X-ray phase analysis of corrosion products only
showed the presence of Al,O; (Fig. 11) obtained aluminum
oxide occurred in two allotropic forms.
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Fig. 8. Microanalysis of chemical composition of Fe40AI5SCrTiB al-
loy after crystallization and corrosion test
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Fig. 9. Structure of the crystallized Fe40AISCrTiB alloy after corro-
sion tests, scanning electron microscope

Fig. 10. Fe40AI5SCrTiB alloy structure after plastic processing, the
corrosion tests, scanning electron microscope
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Fig. 11. Results of X-ray phase analysis of the Fe4d0AI5SCrTiB alloy
corrosion products
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4. Conclusions

Research and analysis of the results lead to the conclu-
sion that the test materials show different high temperature
corrosion resistance. Composition based on Fe40AI5SCrTiB
intermetallic phase has a much higher corrosion resistance
than the corrosion resistance of X12CrCoNi2120 steel despite
of the fact that the test for steel was conducted at 700°C, the
temperature at which elements of that steel grade work and for
the Fe40AI5CrTiB alloy experiment temperature was 1100°C.
A very good corrosion resistance of Fe40AI5SCrTiB alloy is
ensured by passive layer of Al,O3 formed on its surface. Phe-
nomena of high-temperature corrosion of FeAl intermetallic
matrix alloy require further research.
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