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Oxidation and decarburization of an Fe-AI -C 
alloy 
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The oxidation behaviour of the Fe-5.5AI-0.55C (wt%) alloy was studied in air at 500 to 
950 °C. Specimens of two types of preparation were used: (i) homogenized for 4h at 1100 °C 
under an argon protective atmosphere to form carbide particles in the ferrite matrix (referred to 
Type 1 alloy); and (ii) homogenized for 96 h at 1100°C under an air atmosphere to form a 
ferrite matrix with full decarburization (Type 2 alloy). Type 1 alloy with or without a decar- 
burized zone after oxidation had a higher oxidation rate than Type 2 alloy. The oxidation 
kinetics of Type 1 alloy are controlled by the stability of carbide particles. The interference of 
CO or COz formation influences vitally the formation of protective aluminium oxide. During 
the oxidation of Type 2 alloy, two oxidation periods appear with slightly different parabolic 
constant values. The oxidation rate increased with temperature to a maximum at 600°C and 
then decreased to a minimum at 800 °C. 

1. Introduction 
Our recent work [1] concludes that the kinetic behav- 
iours of Fe 5.5A1-0.55C (wt %) alloy at 600, 800 and 
1000°C are drastically influenced by the stability of 
carbide in the matrix. At 600 °C, a simple parabolic 
law was observed. There are three distinct parabolic 
rates and two distinct parabolic rates for the alloy at 
800 and 1000°C, respectively. The carbon atoms 
which come from the dissociation of carbide particles 
play a most important role in the kinetic behaviour. 
To be sure, a change of the diffusion rate of car- 
bon with changing oxidation temperature is another 
important factor in the oxidation behaviour of the 
present alloy. However, the temperatures used in the 
previous work [1] were too few to fully understand the 
oxidation behaviour of the alloy. Therefore, the 
oxidation temperatures used in the present experiment 
ranged from 500 to 950°C and were increased in 
increments of 50 ° C. In addition, in order to under- 
stand thoroughly the effect of decarburization on the 
oxidation behaviour of the Fe 5.5A1 0.55C alloy, 
heat treatment was carried out on the alloy to obtain 
specimens with full decarburization. The specimens 
were then used to study the oxidation process at 
oxidation temperatures from 500 to 900°C. The 
results of this investigation are expected to interpret 
the relationship between oxidation and decarburiza- 
tion of the Fe -A1-C alloy. 

2. Experimental procedure 
The chemical composition of the alloy used for the 
present study is shown in Table I. The alloy was 
prepared with an air induction furnace under a con- 
trolled protective argon atmosphere. The cast ingot 
was hot-forged at 1200°C from 7cm to 2.5cm. The 
alloy was heat-treated as follows: (i) homogenized for 

4h at 1100°C with a tube furnace under an argon 
protective atmosphere (Type l alloy); or (ii) hom- 
ogenized for 96h at l l00°C with the same furnace 
under a dry air atmosphere (Type 2 alloy). After 
surface finishing the surfaces and edges of the speci- 
mens were mechanically polished with abrasive paper 
up to 1200 grit. Finally each specimen was cleaned 
ultrasonically in acetone before the oxidation experi- 
ments. 

The kinetics of oxidation were measured in the 
infrared image furnace of an Ulvac/Shink-Uriko 
thermobalance in dry air with a flow rate of 
100mlmin -l. The isothermal oxidation period was 
24h and the heating and cooling rates were 
100 ° C min -1. The specimen temperature and weight 
gain curves of oxidation were recorded with a chart 
recorder. 

After oxidation, samples were mounted and exam- 
ined by optical microscopy. The possible phases 
present in different specimens were identified with 
X-ray diffraction using a copper target, a nickel filter 
and a graphite single-crystal monochromator. The 
elemental distributions and concentration profiles in 
the oxidized specimens were characterized by electron 
microanalysis (EPMA) (Jeol JCXA-733). EPMA was 
operated by first raising the voltage to 25 kV with a 
probe current of 0.03 #A. 

3. Results and discussion 
From the previous report [1], Type 1 alloy (Fe-5.5A1- 
0.55C alloy after hot forging and 4 h homogenization 
at l l00°C under an argon protective atmosphere) 
was found to be a two-phase material with iron- 
aluminium carbide (Fe3A1Cx) in the ferrite matrix. 
Type 2 alloy (the present alloy after hot forging 
and 96h homogenization at l l00°C under an air 
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Figure 1 Thermogravimetric oxidation curves of Type 1 alloy: (I) 
500 ° C, (o) 550 ° C, (A) 600 ° C, (o) 650 ° C, (a) 700 ° C, (El) 750 ° C, 
(v) 800 ° C, (x) 850 ° C, ( 0 )  900 ° C, (v)  950 ° C. 

atmosphere) was found to be fully decarburized in the 
matrix. Through optical investigation, no carbides 
and only a ferrite matrix could be observed in Type 2 
alloy. 

A plot of weight gain as a function of oxidation time 
and temperature for Type 1 alloy is shown in Fig. 1. 
Based on the square of weight gain against time curves 
for the present alloy, the oxidation behaviour curves 
can be divided into four groups. The first one, cover- 
ing oxidation in the temperature range from 500 to 
600 ° C, follows a simple parabolic rate law for up 
to 24 h as shown in Figs 2a, b and c. The evaluated 
values of the parabolic rate constant (Kp) are listed in 
Table II. 

Using the Arrhenius equation, the oxidation rate 
(Kp) can be expressed as 

Kp = (constant) exp ( - Q / R T )  

in which Q is the activation energy (J mol ~) R the gas 
constant (8.31 J K -~ mol -~) and T the absolute tem- 
perature. The first group satisfies the relation in the 
temperature range 500 to 600°C with Kp = 1.5 x 
10 s exp ( -  199 700/RT). 

The second group, covering the oxidation behav- 
tour in the temperature range from 650 to 750°C, 
follows two parabolic rate laws for up to 24 h. Figs 2d, 
e and f show the square of weight gain per unit area 
against time for Type 1 alloy at 650, 700 and 750 ° C, 
respectively. The initial oxidation rate (described by 
the parabolic rate constant Kpi) was high and gener- 
ally lasted for 2 to 8 h. The final oxidation rate (Kpf) 
represents the kinetics for the remainder of the experi- 
mental run and always has a low value. 

Kinetic curves for the third group of oxidation 
curves represent the oxidation behaviour at 800 and 
850 ° C. The square of weight gain against time for the 

T A B  L E I Chemical composition of the F e - A 1 - C  alloy 

Element A1 C Mn Si P S Fe 

Composition 5 . 5 1  0.55 0.01 , ' / .02  0.01 0.021 Bal. 
(wt %) 

T A B L E  I I  Rate constant for oxidation between 500 and 

600 ° C 

T( ° C)  Kp (g2 can -4  sec- L ) 

500 4.7 x 10 t2 

550 3.2 x 10 -tl 
600 1.6 x 10 -1° 

alloy after 24 h oxidation at 800 and 850°C is shown 
in Figs 2g and h. The oxidation in this temperature 
range can be divided into three stages during 24 h. The 
oxidation rate of the initial stage (Kpi) is lower than 
that of the second stage (Kpm) and lasts for approxi- 
mately 3 h. The oxidation rate (Kpm) of the second 
stage generally has the highest rate value among the 
three oxidation stages, which lasts about 10 to 13 h. 
The oxidation rate of  the final stage (Kpf) is lower than 
for the second stage (Kpm). 

Finally, the oxidation behaviours at 900 and 950 ° C 
have two parabolic rates. The first parabolic rate was 
found to be higher than the second one. Figs 2i and j 
show the square of weight gain per unit area against 
time for Type 1 alloy at 900 and 950 ° C, respectively. 
The parabolic rate constants of the Type 1 alloy 
oxidation at 650 to 950 ° C during 24 h were calculated 
and are listed in Table III. At least three specimens 
were used for the present study to obtain each kinetic 
curve. The reproducibility of each oxidation kinetic 
curve was approximately + 2%. 

According to optical investigations, the structures 
of the matrix of the Type 1 alloy after 24 h oxidation 
in the temperature range from 500 to 600 ° C are quite 
similar to that of the alloy before the oxidation experi- 
ment. No carbide-free layer could be observed under 
such conditions. However, two oxide layers which 
were rich in iron were evident after 24 h oxidation. 
These two oxide layers were similar to the oxide layer 
observed at 600 ° C. The only difference was the thick- 
ness of oxide layer. The oxide layer thicknesses formed 
after 24h oxidation were approximately 5, 12.5 and 
50/~m for oxidation at 500, 550 and 600 ° C, respec- 
tively. 

T A B L E  I I I  Parabolic rate constants for the oxidation of 
Type 1 alloy in the temperature range from 650 to 950°C 

Temperature 
(oc) 

Rate constant (g2 cm-4 sec t) 

Kpi Kpm Gf 
650 3.56 x 10 to 

(<Sh) 

700 2.12 x 10 to 

( < 4 h )  

750 1.46 x 10 lo 
( < 2 h )  

800 2.1 x 10 -t° 
( < 3 h )  

850 3.76 x 10 to 

( < 3 h )  

900 7.05 x 10 to 

( < 8 h )  

950 1.39 x 10 .9 
(<  5h) 

5.71 x 10 -l° 
(3 to 10h) 

9.78 x 10 10 

(3 to 13h) 

6.30 x 10 tl 
(>  8h) 

3.96 x 10 u 
( > 4 h )  

6.29 x 10 u 
( > 2 h )  

3.64 x 10 -1° 

(>  lOh) 

1.92 x 10 1o 

( >  13h) 

6.7 x 10 11 

(>  14h) 

6.54 x I0 -I1 

(>  8h) 

895 



0 , 5  , , ~ , l , l l , l , , , , i J , , , l l ~ j  

0.4 

IE 0.3 
U 

E 0.2 
% 

0.1 

(a) 
5 10 15 20 25 

Time (hi 

2C 

15 

'E (P 
10 

v 
% 

l l ~ l l l ,  [ i J l l l l l l l  I I 

5/ 
5 10 15 20 

(d) Time {h) 
25 

32 

'u  E 2.4 

E l . 6  
% 

Q8 

0 
0 

(b) 

75 

Us 

N~ 2.5f 

0/ 
(e) 

1 , ~ , l ~ r , , [ , i , l ! , , , ~ l E l l  

S 
5 10 15 20 25 

Time (hi 

5 10 15 20 25 
Time (hi 

20 ' ' ' ' l ' ' ' ' l ' ' ' ' l , : ~ , l , , , ,  15// 
E 

%5 

0 r , ~  r t l l l l l l r l l [ i t r [ l l  

5 10 15 20 25 
(c) Time (hi 

25 

, E4.5 

1.5 

0 
(f) 

I : , l l I ' l  I l r l J l l l F l l l ~ l  £ 

t i l t  I J l l ~ i l l t l t l l l r  

5 10 15 20 25 
Time (h) 

4O 

32 

¢M t )  

gm 

N 

2 8  

0 
0 

(g) 

f l a i l  I : I I ' I I I I ~ ' ' ~ E ' J E 2  

t ~~J 

5 10 15 20 25 
Time(hi 

6O 

48 

'uS 36 

E 2 4  

% 
12 

I 1 !11  I i I l l l l l i l l ] t l t  

, i ~ i ~ , ~  ~ 0 
5 10 15 20 

(hi Time(hi 

4 0  l J , , l i  i , , , , , ! l , i j j  

32 

24 
N 

E 6 

%8 f 
0 I , i i  I I ,  ¸ i I i 1 ~  i l  ¸ 

25 0 5 10 15 20 25 
(i) Time(hi 

40 

32 

7E 24 

F16 
v 

%8 

, , , i  j , l l ; , : ~ r , , , l l l ~  

0 I I : I I i l k l l ' l l l l ' ~ l l l l l  

0 5 10 15 20 25 

(j) Time (hi 

Fig. 3 shows an optical micrograph of a cross- 
section of Type 1 alloy after 24 h oxidation at 650 ° C. 
The oxide morphologies on the surface of the alloy for 
oxidation at 650 and 600°C were quite different. At 
650 ° C, the oxide layer grew into the substrate forming 
a non-planar film. A thin carbide-free layer was 
observed at the alloy scale interface of Type 1 alloy. 
The oxide scales formed after 1 h oxidation at 700°C 
are shown in Fig. 4. A carbide-free layer can be easily 
observed along the alloy-scale interface of Type 1 
alloy under such conditions. The same result, a 
carbide-free layer, can also be observed after 24h 
oxidation at 750 ° C. However, the carbide in the alloy 

Figure 2 The square of weight gain per unit area, w 2, against time 
for Type 1 alloy at (a) 5000 C, (b) 550 ° C, (c) 600 ° C, (d) 650 ° C, (e) 
700"C, (f) 750°C, (g) 800°C, (hi 850°C, (i) 900°C, (j) 950°C. 

matrix after oxidation is quite different from that 
before oxidation. As the oxidation took place at 
750 ° C, carbide particles decomposed in the matrix as 
shown in Fig. 5. An interesting finding was that the 
amount of carbide in the alloy matrix decreased after 
24 h oxidation as the temperature increased from 650 
to 750 ° C. 

The metallographic cross-sections of Type 1 alloy 
oxidized for 24h at from 800 to 950°C indicate the 
existence of many nodules on the surface. However, 
no carbide could be observed in the matrix. Figs 6a 
and b reveal the ellipsoidal shape of the nodules on the 
surface of the alloy after 24 h oxidation at 850 and 
950°C. According to electron microprobe analysis, 
the upper half of a nodule is rich in iron, but has 
negligible aluminium. The lower region has a high 
aluminium concentration of about 8 wt %. In addi- 
tion, the aluminium concentration increases to a value 
of about 18 wt % close to the alloy oxide interface. 
No carbide could be found in the matrix after 24h 
oxidation at from 800 to 950 ° C. 
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Figure 3 Metallographic cross-section of the oxide scale on Type 1 
alloy after 24h  at 650°C. 

Fig. 7 shows the kinetic curves for Type 2 alloy at 
different experimental temperatures. The oxidation 
rate increased with temperature to a maximum at 
about 600°C and then decreased to a minimum at 
about 800 ° C. According to the square of weight gain 
against time curves for this alloy, the oxidation 
behaviour in the temperature range from 500 to 
900 ° C follows two parabolic rate laws for up to 24 h. 
The parabolic rate constants of the Type 2 alloy 
oxidation at 500 to 900 ° C during 24 h were calculated 
and are listed in Table IV. These results are quite 
similar to those of previous reports for Fe-A1 alloys 
[2-4]. It is suggested that the effect of temperature on 
the oxidation of the present alloy under such condi- 
tions is due to the preferential oxidation of aluminium 
at high temperatures. The increase in oxidation rate 
with increasing temperature up to 600°C is probably 
associated with a temperature-dependent increase in 
iron ion diffusion rate through the hercynite layer. 
Above 600°C the reaction producing aluminium 
oxide began to predominate. Initially the iron oxide 
and hercynite were formed on the surface as well, 
when there was insufficient aluminium in the surface 
layer to form a complete alumina film. Subsequently 
aluminium atoms diffused to the oxide-metal  inter- 
face and formed additional alumina by displacement 
reactions with FeAI204 and iron oxides. Thus, as 
temperature was increased, the mobility of aluminium 

Figure 4 Metallographic cross-section of  the oxide scale on Type 1 
alloy after 1 h at 700 ° C. 

atoms in the alloy increased, more and more protec- 
tive aluminium oxide was formed, less and less iron 
oxide and hercynite remained, and the overall oxida- 
tion rate dropped. 

Webb et al. [5] have presented a general discussion 
of the oxidation of meta l -carbon alloys. They dis- 
cussed two general reaction sequences: (i) diffusion of 
carbon to the metal-scale interface, where it reacts 
with the scale to produce gaseous carbon oxides which 
may accumulate and cause rupture of the scales, and 
(ii) diffusion of carbon through the scale to react 
with oxygen at the scale gas interface. The second 
sequence would allow decarburization to take place 
without scale rupture. Bohnenkamp and Engell [6] 
oxidized F e - C  alloys in air and in CO-CO2 mixtures 
over the temperature range 750 to 1050°C and found 
that the specimens oxidized in air decarburized with- 
out scale rupture. Bohnenkamp and Engell proposed 
that pores present in the scales on F e - C  alloys per- 
mitted the diffusion of the carbon oxides. From the 
present investigation, it was observed that the oxida- 
tion behaviours for the Fe-5 .5Al-0 .55C alloy after 
two types of heat treatment were quite different. The 
carbide particles in the matrix of  Type 1 alloys are 
stable at 500, 550 and 600 ° C, but the oxidation resis- 
tance of Type 1 alloy is lower than that of Type 2 alloy 
under such conditions (Tables III and IV). It is sug- 
gested that dissociation of these carbides occurs only 

T A B L E  IV Parabolic rate constants for the oxidation of 
Type 2 alloy in the temperature range from 500 to 900°C 

Temperature 
(°C) 

Rate constant  (g2cm 4sec 1) 

Kp~ Kpf 

500 5 x 10 12 
( < 9 h )  

600 4 x 10 -I1 

( < 8 h )  

700 4.5 x 10 12 
( < 9 h )  

800 3 × 10 -13 

( < 6 h )  

900 4 X 10 -12 

( < 4 h )  

2.5 x l0 ~2 
(>911) 

4.4 x I0 -12 

( >  12h) 

3.3 x 10 12 

( > 9 h )  

1.8 x 10 -13 

( > 6 h )  

1.3 x 10 12 

( > 4 h )  
Figure 5 Metallographic cross-section of  the oxide scale on Type 1 
alloy after 24h at 750°C. 
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Figure 6 Metallographic cross-section of nodules on Type 1 alloy after 24h at (a) 850°C, (b) 950°C. 

as carbide contacts the atmosphere or touches the 
oxide scales of the Type 1 alloy. Therefore, no carbide- 
free region could be formed along the interface 
between the oxide and matrix at low temperatures. 
The influence of carbon on the oxidation behaviour is 
closely related to the decomposition of the carbide 
near the oxide matrix interface. Evolution of CO or 
CO2 gas always leaves holes in the oxide scale which 
provide rapid diffusion paths for oxygen and/or iron 
ions and apparently interfere with the protective spinel 
or alumina oxide. Thus, the oxidation rate of Type 1 
alloy is higher than that of Type 2 alloy under such 
conditions. The activation energy of 47.7kcalmol -l 
(199.7kJmol l) oxidation from 500 to 600°C is quite 
similar to that reported by Channing and Graham [7] 
for iron oxide formed on iron at 450 to 550 ° C with the 
activation energy 49 kcal mol-  ~. Therefore, oxidation 
of the present alloy seems to be mainly controlled by 
the diffusion of iron ions through the iron oxide. We 
have recently reported [1] the oxide growth mechan- 
ism for Type 1 alloy after oxidation at 600 ° C. 

According to kinetic studies, the initial oxidation 
rates (Kp~) of Type 1 alloy at 650 to 750°C are 
observed to have about the same order of  magnitude 
oxidation rate (K v) as at 600 ° C. Such a similarity can 
be explained because the alloy has a comparably lower 
dissociation rate of carbide particles and lower dif- 
fusion rate of carbon atoms in this temperature range 
(Figs 4, 5 and 6). However, the final oxidation rates 
(Kv0 in this temperature range are lower than the 
oxidation rate (Kv) at 600 ° C. Thus, the final weight 
gains of the alloy after 24 h oxidation at 650 to 750 ° C 
are lower than that at 600 ° C. The most reasonable 
explanation for this is that the diffusion rate of alumi- 
nium in such a temperature range of 650 to 750 ° C was 
higher than that at 500 to 600 ° C in the present alloy, 
which induces the aggregMion of aluminium atoms 
and the formation of an aluminium oxide layer. The 

T A B L E  V Thickness of the decarburization layer for the 
oxidation of Fe 5.5A1 0.55C alloy (heat treatment of Type 1) at 
800°C for different experimental times 

Time (h) 1 2 4 > 10 

Thickness (/zm) 112.5 185 to 375 to Full decarburization 
215 425 

results of the present study were confirmed by the 
EPMA technique, which indicated an inner oxide 
layer with a relatively high atuminium content after 
24 h oxidation at 650 to 750 ° C. The initial and final 
oxidation behaviours of Type 1 alloy in the tem- 
perature range from 650 to 750°C are apparently 
controlled by the diffusion of  iron ions through the 
iron oxide and inner aluminium oxide layers, respec- 
tively. Similar oxidation behaviours are also observed 
for Type 2 alloy (Fig. 7). Similar results for Fe-A1 
oxidation have been reported by Boggs [3]. 

Based on the square of weight gain against time 
curves, Type 1 alloy after oxidation at 800 and 850 ° C 
can be divided into three stages during 24 h (Figs 2g 
and h). The deviation of the slope where the oxidation 
behaviour changes from the first stage to the second 
stage is related to the evolution of  CO or CO2 along 
the oxide-al loy interface and is the main factor result- 
ing in the rupture of the oxide layer and, in turn, 
changing the kinetics of the oxidation process. As the 
oxidation at 800 or 850°C proceeds, carbon atoms 
from the decomposition of carbide particles diffuse 
out to the specimen surface and evaporated with the 
formation of CO or CO2. The carbon concentration in 
the matrix is therefore decreased as oxidation pro- 
ceeds. When the carbon content is lower than a certain 
level, evolution of  CO (or CO2) gas can be restricted, 
which leads to the starting of the third stage of oxida- 
tion, a stage with a lower oxidation rate than the 
second stage of oxidation. The previous discussion is 
confirmed by Table V, which shows the thickness 
of the decarburization layer for the oxidation of 

1.2 

.9 ~ 
c ~  

'E / 700~C i 

~OgCl 
0 5 10 15 20 25 

Time (h) 

Figure 7 The kinetic curves for Type 2 alloy at different tem- 
peratures. 
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Fe-5.5A1 0.55C alloy (heat treatment of Type l) at 
800 ° C for different experimental times. The phenom- 
enon of a decarburized zone below the oxide-al loy 
interface occurs when the rate of diffusion of carbon 
in the alloy exceeds the rate of  diffusion of iron ions 
into the scale at a given temperature [8]. Similar results 
are also reported by Boggs [3] and Webb et al. [5]. 
They concluded that carbon from the substrate can 
react with iron oxides to produce high-pressure CO 
(or CO2) pockets which burst through the film and 
allow oxygen to reach the substrate, promoting the 
nodular oxide. The high weight gain of the oxidized 
specimen after 24h oxidation at 800 and 850°C 
mainly results from the formation of such nodules. 

According to the kinetic curves obtained at 900 and 
950 ° C, there are two distinct parabolic rates for the 
Type 1 and 2 alloys. Although the oxidation behav- 
iours of Type 1 alloy at 900 and 950 ° C are similar to 
those for oxidation at 650 to 750°C, the effect of 
carbon on the oxidation, judged by optical investi- 
gations, is different. Kinetic studies combined with 
morphology investigations on Type 1 alloy demon- 
strated that the largest portion of the oxide scales was 
occupied by iron oxide nodules. Boggs [3] suggested 
that there appear to be two ways that carbon can 
interfere with the protective alumina and allow 
nodular iron oxide to nucleate. The direct oxidation of 
carbon at random sites in competition with iron and 
aluminium might leave holes in the film at which 
nodules might nucleate. Alternatively, carbon from 
the substrate can react with iron oxides in the initial 
film to produce high-pressure CO pockets which burst 
through the film and allow oxygen to reach the sub- 
strate, nucleating the nodular oxide. A similar mech- 
anism may account for the increase in the oxidation 
rate of Type 1 alloy at 900 to 950 ° C. The dissociation 
of carbide particles and the diffusion rates of carbon 
and iron in the alloy at 900 and 950 ° C are higher than 
those of the alloys at 500 to 850 ° C. Thus the initial 
oxidation rates of the alloy at 900 and 950°C are 
higher than those at 500 to 850 °C. As the carbide 
particles are totally dissociated and most of  the carbon 
is lost through the pores and microcracks, then the 
second oxidation rate starts. 

It is very interesting to note that no carbide can be 
found in the matrix of  the third stage of oxidation at 
800 to 850 ° C and the second stage of oxidation at 900 
to 950°C for Type 1 alloy, which has a higher oxida- 
tion rate than Type 2 alloy under same conditions 
(Figs 1 and 8). A possible reason can be suggested as 
follows. As the third stage of the oxidation at 800 to 
850°C and the second stage of the oxidation at 900 to 
950°C occur for Type 1 alloy, the carbon content is 
lower than a certain level and evolution of CO or CO2 
gas can be restricted, which always might leave holes 
in the film and support rapid diffusion channels for 
oxygen and/or iron ions. On the other hand, the 
Fe-5.5A1-0.55C alloy after Type 2 heat treatment 
can be considered as an Fe-A1 alloy only and the 
effect of carbon on the oxidation of the alloy can be 
neglected. Under such conditions the behaviour of 

Type 2 alloy is due only to the preferential oxidation 
of aluminium. Thus the oxidation rates of the third 
stage of oxidation at 800 to 850°C and the second 
stage of oxidation at 900 to 950 ° C for Type 1 alloy are 
higher than for Type 2 alloy. 

4. Conclusions 
1. Before oxidation, the Fe-5.5A1 0.55C alloy 

after hot forging and 4h  homogenization at 1100°C 
under an argon protective atmosphere, referred to as 
Type 1 alloy, was found to be a two-phase material 
with i ron-aluminium carbide in the ferrite matrix. 
Type 2 alloy, the present alloy after forging and 96 h 
homogenization at 1100°C under an air atmosphere, 
had no carbides and only ferrite in the matrix. 

2. The oxidation kinetics of Type 1 alloy after 24 h 
oxidation at 500 to 950°C can be classified into four 
groups. The differences in oxidation behaviour among 
those four groups are controlled by the stability of 
carbide particles and the diffusion rate of all elements 
(carbon, aluminium and iron) at different oxidation 
temperatures from 500 to 950 ° C. The carbon atoms 
which come from the dissociation of carbide particles 
in the matrix play a most important role in the oxida- 
tion behaviour in this temperature range. The inter- 
ference of CO or CO2 formation influences vitally the 
formation of protective aluminium oxide. 

3. During the oxidation of Type 2 alloy at 500 to 
900°C with 24 h, two oxidation periods appear with 
slightly different parabolic constant values. The oxida- 
tion rate increases with temperature to a maximum at 
about 600°C and then decreases to a minimum at 
about 800 ° C. Under these conditions, the oxidation 
behaviour of Type 2 alloy is due only to the preferen- 
tial oxidation of aluminium at different temperatures. 

4. The oxidation rate of Type 1 alloy with or with- 
out a decarburized zone after oxidation is always 
higher than that of Type 2 alloy. 
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