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ABSTRACT 

Electroslag remelted cast iron-aluminum alloys 
having the compositions: 1) Fe-16AI-0.5C, 2) Fe-10A1-
0.5C, and 3) Fe-8A1-0.5C were employed to investigate 
the effect of Al on the oxidation behavior of Fe-0.5C 
alloys in the temperature range 973 - 1273 K. 
Microstructural and phase analyses of these alloys 
revealed distribution of a carbide phase, Fe3AlC0. 692 in 
the Fe3Al matrix of alloy 1 and in Fe-Al matrix of alloys 
2 and 3. The oxidation behavior of these alloys was 
found to be dependent upon relative composition and 
stability of the carbide and matrix phases. High-Al 
content alloys were free from decarburization, whereas 
low-Al content alloys suffered from decarburization. 

1. INTRODUCTION 

There has been an increasing number of studies, in 
recent years, on the development of carbon containing 
iron aluminides for high-temperature applications /1-5/. 
This is because of the two-fold benefits carbon is 
reported to offer for iron aluminides. By enabling 
carbide formation, it offers strength to this material on 
one hand and reduces the environmental embrittlement 
on the other /1,5,6/. Yet another means of reducing the 
brittleness of iron aluminides is to bring down the Al 
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content /7,8/. However, both these modifications may 
have a bearing on the oxidation resistance of these 
materials, a property vital for their successful high-
temperature applications. The oxidation behavior of Fe-
Al alloys has been well documented by several 
investigators /9-13/, whereas reports on the oxidation 
behavior of Fe-Al-C alloys are few /14,16,17/. The 
understanding of oxidation behavior of binary Fe-Al 
alloys is itself complex; the addition of C makes this 
even more complicated as it modifies the microstructure 
of the alloy. In view of these facts the present study 
gains importance. 

The first ever work on the oxidation behavior of 
carbon containing Fe-Al alloy reported in literature is by 
Boggs /15/. He reported an increase in oxidation rate at 
1073 Κ with increase in carbon content from 0.05 to 
0.1C in Fe-4.94A1 alloys, which was attributed to the 
growth of nodular iron oxide through the alumina film. 
The frequency with which the nodules penetrated the 
alumina layer increased with increasing carbon 
concentration. Kao and Wan investigated the effect of 
temperature on the oxidation behavior of Fe-5.5A1-
0.55C alloy at 873, 1073 and 1273 Κ and showed that 
temperature strongly influences the oxidation of the 
carbide phase /16/. Further investigation by the same 
authors of Fe-7.5A1-0.65C alloy showed internal 
oxidation of Al beneath the iron oxide nodules at 873 K, 
which is eliminated at temperatures 973 - 1173 Κ /18/. 
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The role of carbon on oxidation behavior of Fe3Al based 
iron aluminides has been examined in our previous 
work /14/. In that study, no adverse effect of C was 
found on oxidation tendency of these iron aluminides 
between 973 - 1173 Κ when C lay in the range of 0.05-1 
wt%. In another contemporary study, it was shown that 
addition of 1 wt% C was detrimental to oxidation 
resistance of Fe-xAl-lC alloys especially in low-Al 
content alloys /14/. Therefore, Fe-Al alloys were 
produced by reducing the C content from lwt% to 
0.5wt% with a view to developing good oxidation 
resistance alloys. 

2. MATERIALS 

These iron-aluminum alloys were prepared by air 
induction melting and subsequently processed through 
electro slag refining process. The nominal compositions 
of the alloys in wt% are: 1) Fe-16A1-0.5C, 2) Fe-10A1-
0.5C and 3) Fe-8A1-0.5C. Details on processing 
technology and mechanical properties can be found 
elsewhere /19-21/. All these alloys, under present study, 
are in the cast form. The selection of these alloys should 
enable understanding of the role of Al in the oxidation 
behavior of iron-aluminum alloys containing 0.5% C. 

3. EXPERIMENTAL 

Microstructural and Phase Analysis 

Samples for optical microscopy were obtained by 
polishing them on various grades of SiC papers starting 
from 220 to 800 followed by diamond polishing and 
then etching. The etchant consisted of 33%CH3COOH + 
33%HN03 + 1%HF + 33%H20 by volume. The 
microstructures of the alloys were examined using a 
Leica, Reichert MeF3A optical microscope. X-ray 
diffraction (XRD) studies were carried out to identify 
the phases using Philips PW-1820 diffractometer. 
Various phases were identified using PCDFW1N 
powder diffraction software package. 

Oxidation Studies 

The specimens used for oxidation test were 12 χ 12 
χ 4 mm in size. Samples for oxidation study were 
obtained by polishing them on successive grades of SiC 
paper up to 800. Prior to the commencement of 
oxidation, specimens were ultrasonically cleaned using 
acetone, dried, and finally weighted. Oxidation studies 
were carried out by exposing the samples to stagnant air 
in a resistance-heated tubular furnace controlled with an 
accuracy of ± 5 K. Experiments were conducted in 
duplicate to check for reproducibility of data. The 
weight change of the specimens was recorded at regular 
intervals of 25 h. A semi microbalance having an 
accuracy of 1 χ 10'5 gm was used. Crystal structures of 
the oxide scale formed on the alloys were determined by 
XRD technique as described in the previous section. 
The surface morphology and cross-sectional view of 
oxide-scale were examined by using scanning-electron 
microscope (SEM) and energy depressive x-ray (EDX) 
was used to analyze their composition. 

4. RESULTS 

Microstructural and Phase Analysis 

Microstructures of alloys 1-3, as seen on an optical 
microscope, are presented in Fig. 1. The dark contrast 
area delineates carbide phase, while the light contrast 
area corresponds to the matrix. Alloy 1 having 16 wt% 
Al exhibits elongated second phase particles of carbide 
distributed in the matrix as shown in Fig. la, whereas 
alloy 2 with 10 wt% Al displays spherical carbide 
particles (Fig. lb). In the latter case (Fig. lb) carbides 
are more uniformly distributed compared to the former 
(Fig. la). On reducing the Al content from 10 to 8 wt%, 
the morphology of the carbides changes to a needle-like 
shape, as shown in Fig. lc. Since the carbon content is 
the same in all the alloys, the difference in 
microstructure can be attributed to the variation in Al 
content. 

XRD patterns obtained for alloys 1 and 3 at ambient 
temperature are shown in Fig. 2. The ^-values and 
lattice parameters obtained from the patterns are 
summarized in Table 1. For comparison, the lattice 
parameter of the phases reported in JCPDS files are also 
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(c) 

Fig. 1: Optical microstructures: a) alloy 1 shows 
elongated carbide particles, b) alloy 2 shows 
spherical carbide particles and c) alloy 3 shows 
needle-like shape carbide particles. 

High Temperature Materials and Processes 

shown. For alloy 1, having the Al content of 16-wt%, 
peaks corresponding to Fe3Al and Fe3AlC069 are seen 
(Fig. 2a). As indicated by Fig. 2b, the XRD pattern for 
alloy 3 reveals peaks of α (Fe-Al) and Fe3AlC0.69 

phases. Fe3Al has bcc, whereas Fe3AlCo.69 exhibits fee 
perovskite-type structure. In all the alloys carbide phase 
is present with the same stoichiometry of Fe3AlC069 as 
reflected in lattice parameter. Since the XRD patterns 
shown here correspond to the sheet sample of as cast 
alloys used for the oxidation studies, they do not exactly 
correspond to powder patterns. The peak intensities of 
various planes do not match with the reported intensity 
of the corresponding planes by JCPDS files. These 
variations could occur due to possible preferential 
orientation of phases in the cast alloy. Furthermore, the 
lattice parameter of Fe3Al in the present alloy is higher 
than that reported in JCPDS files, implying that carbon 
is soluble in Fe3Al phase even at room temperature. As 
per Fe-Al phase diagram, alloys with 16 wt% Al show 
Fe3Al stoichiometry, the alloys with 10 wt% Al exhibit 
dual phase region (Fe3Al+oc), whereas the alloys with 8 
wt% Al fall in the single phase region of oc Fe-Al 1221. 

With the introduction of carbon in these alloys depletion 
of Al in the matrix occurs due to the formation of 
Fe3AlC069 intermetallic phase. In turn, this may cause 
transition of Fe3Al phase to oc. 

Kinetics 

The oxidation kinetic of alloys 1-3 was studied at 
four different temperatures, viz. 973, 1073, 1173, and 
1273 K. Figs. 3a-d show the variation in the weight gain 
per unit area as a function of time for different 
temperatures. Alloy 3 exhibits higher oxidation rate than 
the alloys 1 and 2 at all the temperatures under study. At 
973 Κ the weight gain follows the order of alloy 3 > 
alloy 2 > alloy 1, while at 1073 Κ the weight gain 
follows the order of alloy 3 > alloy 2 « alloy 1. On 
raising the temperature to 1173 Κ there is not much 
increase in weight gain in alloys 1 and 2, whereas alloy 
3 exhibits an increase in weight gain by more than two 
times. When the temperature is further increased to 
1273 K, a marginal drop in weight gain occurs in the 
case of alloy 1, whereas alloys 2 and 3 display 
continuous increase in weight gain. Notably, at this 
temperature, alloys 1 and 2 follow the same kinetics up 
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Fig. 2: X-ray diffraction patterns of a) alloy 1 and b) alloy 3. 
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Table 1 
Summary of XRD data of alloys 1 and 3 obtained from Figs. 2a-b 

Alloy l v a l u e 
[nm] 

Plane 
(hkl) 

I/Io 
(Obs.) 

I/Io 
(Ref) 

Cell parameter [nm] 
(Calc.) (Ref.) 

Phase JCPDS 
Card No. 

1 0.205 220 100 100 a = 0.582 a = 0.579 Fe3Al 06-0695 
0.180 - 0.9 20 
0.146 400 0.6 80 
0.118 422 2.0 90 

0.216 111 3.3 100 a = 0.377 a = 0.377 Fe3AlC0.69 03-0965 
0.188 200 4.9 80 

3 0.204 110 48.5 100 a = 0.286 Fe-Al 06-0696 
0.145 200 10.6 20 
0.118 211 32.5 30 

0.218 111 100 100 a = 0.377 a = 0.377 Fe3AIC0.69 03-0965 
0.189 200 16.3 80 
0.133 220 19.7 80 
0.114 311 34.6 80 

to 300 h. On further oxidation, alloy 1 displays weight 
loss in steps and reaches almost its initial weight, while 
alloy 2 displays a continuous increase in weight. A rapid 
weight gain in alloy 3 at 1273 Κ after 100 h of oxidation 
possibly reflects the breakaway oxidation. 

With temperature, the oxidation tendency of alloy 1 
varies in the following order: 973 < 1073 < 1273 < 1173 
K. Alloys 2 and 3 follow the order 1073 < 1173 < 1273 
< 973 K. The difference in weight gain due to inversion 
of oxidation between 973 -1073 Κ in alloy 2 is 0.37 
mg/cm2 whereas in the case of alloy 3 it is 11.50 
mg/cm2, which is more than thirty times. This oxidation 
inversion has been discussed with respect to Fe-xAl-lC 
and it was attributed to the preferential oxidation of Al 
at 1073 Κ/14/ . 

Oxide Scale Characterization 

Morphologies of the oxide-scale viewed in SEM are 
shown in Figs. 4 to 6. A micrograph of alloy 1 oxidized 
at 1173 Κ for 1000 h is presented in Fig. 4. The oxide-
scale on this alloy appears to have not developed 
uniformly, which created grooves in the oxide-scales. 
This is possibly due to different oxide growth rates on 
matrix and carbide phases. The oxide-scale formed on 
alloy 2 at 1273 Κ after 1000 h of oxidation is shown in 
Fig. 5. Here, though oxide-scale is uniform, it shows 
some platelet-like crystals of oxide in the scale. A 
micrograph of alloy 3 oxidized at 973 Κ for 100 h is 
shown in Fig. 6a. The oxides appear as whiskers and 
even after 100 h of oxidation the surface is not 
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Fig. 4: SEM micrograph of alloy laf ter oxidation at 

1173 Κ for 1000 h shows formation of grooves 

between oxides. 

Fig. 5: SEM micrograph of alloy 2 after oxidation at 
1273 Κ for 1000 h shows development of 
platelet like particles in the oxide scale. 

f r n w H 500 Mm 

Fig. 6: SEM micrograph of alloy 3: a) after oxidation at 973 Κ for 100 h, showing oxides in needle shape, b) after 
oxidation at 1173 Κ for 1000 h shows deeper attack on matrix in comparison with the carbide is shown and C) 
after oxidation at 1273 Κ for 1000 h showing formation of oxide nodules on the surface. 
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Table 2 
EDX data of the oxide scale corresponding to locations-

1 and 2 as shown in Fig. 6c. 

Location Al (wt%) Fe (wt%) 
1 3.0 97.0 
2 32.0 68.0 

completely covered with oxide layer. Figure 6b displays 
the morphology of the same alloy oxidized at 1173 Κ 
for 1000 h. It shows that a few sites are deeply oxidized, 
which are likely to be the matrix (Fe-Al). A micrograph 
of the same alloy oxidized at 1273 Κ for 1000 h displays 
typical oxide nodules in Fig. 6c. Formations of these 
nodules are possibly due to breakaway oxidation (Fig. 
3d). The data of EDX analysis carried out at these 
nodules and oxide layer is listed in Table 2. The result 
shows that these nodules are mainly formed of iron 
oxide, whereas the oxide surface is composed of mixed 
oxides of iron and Al. The appearance of nodules, even 
in binary Fe-Al alloys, is reported by Tomaszeewicz 
and Wallwork /13/. The cross-sectional analysis of the 
oxide-scale showed the presence of some Al-oxide 
precipitates in iron oxide nodules formed after 1073 Κ 
for 100 h on Fe-6A1. 

A cross-sectional view of the oxide-scale as seen in 
SEM of alloy 2 oxidized at 1173 Κ for 1000 h is 
presented in Fig. 7. The micrograph reveals that the 
oxide-scale fell off from the substrate during polishing 
of the sample for cross-sectional analysis, which 
indicates poor adherence of the alumina scale with the 
base alloy. Despite the falling of oxide layer, this 
feature shows the higher oxidation tendency of the 
carbide phase compared to that of the matrix. Figure 8 
shows the cross-sectional view of the oxide-scale of 
alloy 3 oxidized at 973 Κ for 1000 h. The total thickness 
of the scale is 60 μηι, in which two distinguished layers 
of oxides are visible. The inner layer of about 20 μιτι 
appears compact and the outer layer of about 40 μιη is 
seen to be porous. Previous work related to the Fe-8A1-
1C alloy, under similar oxidation conditions, revealed 
the inner layer as aluminum oxide and outer layer as 
iron oxides /13/. A sign of decarburization could be seen 
beneath the oxide scale. The formation of inner layer 
acts (aluminum oxide) as a healing layer, which 

Fig. 7: Cross-sectional view of the oxide scale formed 
on alloy 2 at 1173 Κ after 1000 h. Deeper 
attack on the carbide in comparison with the 
matrix is shown. 

Fig. 8: Cross-sectional view of the oxide scale formed 
on alloy 3 at 973 Κ after 1000 h, showing 
formation of two layers of oxide and 
decarburization under the scale. 

prevents the alloy from further oxidation as well as 
decarburization. 

The XRD patterns of the oxidized alloys were found 
to be rather similar to those of an earlier study /14/. On 
the whole, with an alloy having 16 wt% Al, the peaks 
correspond to <x-AI20.i and Fe3Al069, whereas with an 
alloy containing 8 wt% Al, peaks belonging to iron 
oxide, Fe203, were identified. 
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5. DISCUSSION 

Although, on decreasing the Al content from 16 to 
10 wt%, not much difference in the weight gain of the 
alloy could be observed, the occurrence of inversion of 
oxidation shifted from 1273 Κ to 1073 K. A further 
reduction in the Al content to 8 wt% results in a marked 
increase in the inversion of oxidation as well as general 
oxidation behavior of the alloy. The critical 
concentration of Al required for oxidation resistance 
between 973-1273 K, in the present Fe-Al-0.5C alloys 
seems to be 10 wt%, as change in Al content from 10 
wt% causes an increase in oxidation tendency of the 
alloy. Notably, for a cast binary Fe-Al alloy, critical Al 
concentration was reported to be approximately 16-19 
at% at 1073 - 1173 Κ /13/. Kinetics of the oxidation 
pattern of the present alloys are very similar to an earlier 
study, on the oxidation behavior of Fe-Al-1C alloys 
/14/. For a general discussion of the oxidation kinetics 
and mechanism of the present alloys the reader is 
referred to that study /14/. However, the observable 
difference between these two is that the weight gain due 

to oxidation of the Fe-Al-0.5C alloys is lower than that 
of Fe-Al-lC alloys. This is because, in high carbon 
content alloys, the formation of a significant volume 
fraction of carbide precipitates lower the Al content in 
the matrix, thereby leading to poor resistance to 
oxidation. Kao and Wan have also reported the harmful 
effect of C on the oxidation behavior of Fe-5.5A1 alloy 
as they found oxidation rate of Fe-5.5A1-0.55C alloy is 
higher than that of Fe-5A1 alloy at 1073 Κ /16/. It was 
suggested to be mainly due to the formation of iron 
oxide nodules in C containing alloys. A similar 
observation was also made by Boggs /15/. However, in 
none of these studies has emphasis been placed on 
analyzing the two phases present in the alloy. 

The present discussion is focused on the oxidation 
behavior of the carbide phase vs matrix. In order to 
understand the oxidation behavior of carbide and matrix 
phases their compositional difference was calculated, in 
Fe-16Al-lC alloy, by scanning Auger spectra analysis at 
both the phases, after complete removal of the oxide 
film by Ar ion sputtering (Figs. 9a-b). This investigation 
reveals that carbide phase has only 10 at% Al (Fig. 9b) 
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(a) continued. 
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Sputter Depth (nm) 

(b) 
Fig. 9: AES depth profiles at: a) matrix and b) carbide phase 

as compared to 17 at% Al (Fig. 9a) in the matrix. 
Although the role of carbon in affecting the corrosion 
behavior of Fe3AlC0 69 is not clear, the fact that its Al 
content is lower than than Fe3Al phase makes the former 
more vulnerable to oxidation than the latter. Now it is 
necessary to examine what happens to the relative 
oxidation resistance of these phases, as the Al content of 
the alloy is gradually reduced, while keeping its carbon 
content the same. This aspect is brought out in the 
subsequent text by examining the vertical section of the 
Fe-Al-C phase diagram corresponding to 0.4 wt% C 
(Fig. 10) which is close to the carbon content of the 
present alloys /23/. XRD studies show that the lattice 
parameter of Fe3AlCo.69 remains the same at 0.377 nm in 
all the alloys. Since lattice parameter of the carbide 
remains the same, the carbide is expected to retain its 
stoichiometry. Therefore, lowering of Al content in 
these alloys leads to depletion of Al content from the 
matrix in order to maintain the stoichiometry of the 

1 0 0 0 -

0-4 wt. V. C vertical section 
- | Γ 

AICFcj + (Fc) 

25 20 15 
at . 7. Al 

Fig. 10: Vertical section of the Fe-AI-C phase 
diagram at constant C content of 0.4 wt% 
I27>l. 
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carb ide . A s the ma t r ix is lef t wi th less Al , all t h o s e 

c a r b o n s presen t in the a l loy , in exces s o f their solubi l i ty 

in Fe -Al phase , c o m b i n e to f o r m Fe 3 AlC 0 6 9 phase . A t 

this s tage Al con ten t in bo th t he p h a s e s is near ly the 

same . T h u s there is a poss ib i l i ty o f ox ida t ion res i s tance 

o f ca rb ide phase b e c o m i n g c o m p a r a b l e to that o f the 

mat r ix phase as it is in the case o f a l loy 2. M o r e o v e r , 

due to the s imi lar ox ida t ion t e n d e n c y o f bo th the p h a s e s 

it avo ids the m i s m a t c h b e t w e e n the o x i d e layers f o r m e d 

on both the phases and p r o v i d e s a m o r e u n i f o r m ox ide 

layer to overa l l s u r f a c e o f the a l loy. Th i s cou ld be a 

p laus ib le exp lana t ion f o r the ox ida t ion t e n d e n c y of a l loy 

2 b e i n g lower than that o f a l loy 1 at t e m p e r a t u r e s of 

1073 and 1173 Κ desp i te the f o r m e r h a v i n g lower Al 

con ten t than the latter. A f u r t h e r r educ t ion in the Al 

con ten t ( to 8 % ) causes a m a r k e d dep le t ion o f Al con ten t 

f r o m the mat r ix and it b e c o m e s m o r e p r o n e to ox ida t ion 

c o m p a r e d to its c a r b i d e p h a s e and overa l l ox ida t ion 

behav io r of this a l loy is d o m i n a t e d by FeAl phase , 

w h i c h exp la ins the ox ida t ion b e h a v i o r of a l loy 3. 

Add i t iona l m i c r o s c o p e e v i d e n c e fo r t he h ighe r ox ida t ion 

t e n d e n c y o f ma t r ix ( F e - A l ) than Fe 3 AlC 0 6 9 ar ises f r o m 

the S E M p h o t o g r a p h in Fig. 6b , w h e r e the mat r ix (Fe-

Al ) is p r e d o m i n a t e l y ox id ized c o m p a r e d to that of the 

Fe3AlC0.69· 

Bes ides the c o m p o s i t i o n a l d i f f e r e n c e b e t w e e n 

Fe3AlC0.69 and Fe 3 Al /FeAl the i r d i f f e r e n c e in the rma l 

stabil i ty at the o x i d i z i n g t e m p e r a t u r e s a lso a f f ec t s the 

overa l l ox ida t ion b e h a v i o r of t he se mater ia l s . L o w e r 

ox ida t ion t e n d e n c y o f a l loy 1 at 1273 Κ c o m p a r e d to 

that at 1173 Κ is a t t r ibuted to d i sso lu t ion of ca rb ide 

phase at h ighe r t e m p e r a t u r e / 18 / and no t to any p h a s e 

t r ans fo rma t ion in A l 2 0 3 / 1 4 / . N o t a b l y , in al loy 2 no such 

invers ion of ox ida t ion is o b s e r v e d at 1273 K. Th i s can 

be exp la ined by the fac t that , desp i t e d isso lu t ion of the 

ca rb ide phase in the ma t r ix phase , the overa l l Al con ten t 

in a l loy 2 is m u c h lower than al loy 1, to p rov ide a 

p ro tec t ive a l u m i n a layer on the s u r f a c e at 1273 K. Th i s 

causes ox ida t ion o f Fe and h e n c e t he re is a c o n t i n u o u s 

inc rease in we igh t gain (F ig . 3d) . T h e o x i d e m o r p h o l o g y 

of the scale at this t e m p e r a t u r e f u r t h e r subs tan t i a tes this 

fact as it s h o w s fo rma t ion o f s o m e iron o x i d e s in the 

fo rm o f p la te le t - l ike c rys ta l s (F ig . 5). It is wor th 

m e n t i o n i n g that a l loys I and 2 d o no t s u f f e r f r o m 

deca rbur i za t ion , w h i c h is m a i n l y a t t r ibu ted to the 

f o r m a t i o n of p ro tec t ive a l u m i n a layer on the su r f ace 

d u r i n g ox ida t ion /21/ . 

R e d u c i n g the Al con ten t d o w n to 8 - w t % not on ly 

causes a m a r k e d inc rease in the w e i g h t ga in but the 

al loy a l so resul ts in deca rbu r i za t ion . M o r e in teres t ingly , 

t h o u g h the al loy s u f f e r s f r o m d e c a r b u r i z a t i o n at 9 7 3 Κ 

(Fig . 8), it is f r e e f r o m deca rbu r i za t i on at 1073 K. 

Con t r a ry to this, K a o a n d W o n h a v e r e p o r t e d n o ca rb ide 

f r e e layer u n d e r t he o x i d e - m e t a l i n t e r f ace at 873 K, 

w h e r e a s at a h ighe r t e m p e r a t u r e ( 1 0 7 3 K ) the re w a s a 

ca rb ide f r e e z o n e in Fe-5 .5A1-0 .55C a l loy . A c c o r d i n g to 

t h e m , C 0 / C 0 2 is f o r m e d by the c a r b o n a t o m s p r o d u c e d 

b y the d e c o m p o s i t i o n o f ca rb ide at 1073 Κ and o x y g e n 

d i f f u s i n g in f r o m ou t s ide m a y d i f f u s e ou t v ia po re s and 

m i c r o c r a c k s in the scale . N o t a b l y , t he se au tho r s h a v e 

not r epor ted any invers ion in ox ida t ion b e t w e e n 873-

1273 K. T h e r e f o r e , the a b s e n c e of deca rbu r i za t i on in the 

p resen t s tudy at 1073 Κ s e e m s to b e c lose ly re la ted to 

t he invers ion o f the ox ida t ion as it p r o m o t e s the f o r m a -

t ion o f a m o r e p ro tec t ive u n i f o r m a l u m i n a layer t h rough 

w h i c h inward d i f f u s i o n o f o x y g e n b e c o m e s d i f f icu l t . 

F igu re 11 s h o w s the s c h e m a t i c d i a g r a m fo r the 

d e v e l o p m e n t o f ox ide layer on c a r b i d e and mat r ix 

phases in F e - A l - C a l loys , and the i r s tabi l i ty du r ing 

ox ida t ion , based on the a b o v e d i scuss ion . T h e var ious 

s e q u e n c e s t ak ing p l ace at d i f f e r e n t ox ida t ion 

t e m p e r a t u r e s a re e x p l a i n e d th rough this m o d e l . 

6. CONCLUSIONS 

1. In h igh-Al content al loys, c a rb ide phase is less 

res is tant to ox ida t ion , w h e r e a s in low-Al content 

a l loys it is the matr ix phase . 

2. In h igh-Al content a l loys , invers ion o f the ox ida t ion 

at 1273 Κ is re la ted to the d i s so lu t ion o f ca rb ide 

phase , whereas the invers ion o f the ox ida t ion in low-

Al con ten t a l loys at 1073 Κ is a s soc ia t ed with 

en r i chmen t of Al in the ox ide phase . 

3. Addi t ion o f ca rbon to iron a lumin ides , required fo r 

enhanc ing the high t empera tu re s t rength should be 

as low as poss ib le . A s ca rb ides are m o r e p rone to 

ox ida t ion . 
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Symbol matrix carbide AI2O3 Fe2C>3 mixed oxide decarburization 

Alloy 1 (Fe-16A1-0.5C) 

973 Κ 1073 Κ 1173 Κ 1273 Κ 

ΠΙ • π 

inversion of oxidation 

973 Κ 

Alloy 2 (Fe-10AI-0.5C) 

1073 Κ 1173 Κ 1273 Κ 

I I I I I I I I I I I I I I I I I I I I H j ^ j j n 
inversion of oxidation 

Alloy 3 (Fe-8A1-0.5C) 

973 Κ 1073 Κ 1173 Κ 1273 Κ 
nodules w 

•mmmmssm. 

Β 
inversion of oxidation 

Fig. 11 : Schema t i c d i ag ram of the ox ida t ion of Fe -Al -C al loys 

1 5 5 
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