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Abstract

The high-temperature oxidation of FeCr(La) and Cr(Ce) alloys was studied by thermogravimetry. The
kinetic dependence of the FeCr(La) mass change has a specific form due to the simultaneous occurrence
of scale evaporation and reduction of the reaction surface. The latter is due to the formation of diffusion
barriers from lanthanum chromite. The kinetic dependence of the mass change of Cr(Ce) has an identical
form. Based on this identity, it was suggested that diffusion barriers can also exist in the Cr(Ce) alloy, as is

the case for the FeCr(La) alloy.
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Introduction

To improve the composition, morphology and adherence of the scale of Cr20s-forming heat-resistant
alloys, these are doped with rare-earth elements (La, Y, Ce, etc.) [1,2]. During the high-temperature
oxidation of these alloys, together with the basic oxide, there are also chromites formed on their surface
(in particular, LaCrOs, YCrOs, CeCrOs [3-5]). In case of alloy FeCr(La) chromite is barrier for cation
diffusion what is equipotent to the decrease of the effective area of the basic oxide formation reaction. This
leads to the change of the parabolic kinetics of alloy oxidation to the logarithmic kinetics [3]. For the
processes with the decreased reaction surface, U.R. Evans deduced the following ratio:

@=S/S, =e kM | (1)

where, S, is the initial area of metal or alloy surface, and S is the area free from the diffusion barriers of

the surface of the specimen in case of mass gain m (i.e. its mass increase at the expense of the oxygen
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entered into the reaction), & is the surface reduction coefficient. Based on Eq (1), one of the authors

proposed an inexplicitly kinetic dependence of mass gain by time t:

2
t= [ekm (km — 1) + 1], )
where, k, is a parabolic constant, which, alongside with the well-known Evans equation [3], m=

%ln(k,/kpt + 1), can be applied to these processes considered. In particular, Eq (2) correctly described the

kinetics of air oxidation of Al20s and Cr203 -forming alloys doped with lanthanum [3].

Results and discussion
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Fig. 1. (1) Total mass change of the FeCr(La) alloy in air at 1200°C, (2) kinetic dependence of mass gain
construed according to curve 1, (3) curve as per Eq.(2), (4) curve as per Eq.(4). The insert shows the
evaporation rates (V) of (1) Cr20sand (2) LaCrOs within the range of 1100-1300°C.

Fig.1 shows the kinetic curve of the general mass change (M) of Fe45Cr0.3La alloy in the air at 1200°C
(curve 1). As simultaneously with the scale formation, its evaporation takes place, then M = m — v t,
where v, is the total rate of evaporation of Cr203 and LaCrOs for different metal components. By

considering Eq.(2), the total mass change will take have the following parametric form:

2V
M :m—kszp[ekm(km—1)+1], (3)

where, m = M + vt plays the role of parameter. This means that first, ¢is calculated according to m by
Eq (2), and then, Mis calculated for the same value of m. The kinetic curve of the specimen mass change
caused by the oxidation of oxygen entering into reaction (m = M+v,t), is given in Fig. 1 (curve 2). Its
processing using OriginPro8 software yielded the following values of constants: k = 1.550 cm?*/mg and

kp =0.231 mg?cm*h. By considering these values, the estimate curve 3 according to Eq (2) (Fig. 1)
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satisfactorily approximates the curve construed from the experimental one. It should be noted that the

curve construed according to modified Tedmon's equation [6]:

Mmax m m
t= —Tln(l - mmax) - g (4)
\'
(Mpax = :7” is the limit value of mass change, v, =-—",4=3M,/M_, =0.923 is the rate of evaporation

9

for the gaseous component of the scale (that's why the plan of evaporation of the basic oxide is: 4Cr+30, =
2Cry03; 2Cry05 + 30, = 4Cr03), and does not correspond to the experimental curve (see Fig.1). This is
another argument of the presence of the diffusion barriers in the scale changing the kinetics of the process.

By using expression (1), Eq.(2) will be as follows:

t= kjkp 1- iln(ecp)], 5)

i.e. dependence @ = f(t) can also be presented in an inexplicit form. Its graph, by considering the values

of constants, is given in Fig.2.
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Fig.2 Dependences ¢ = f(t): (1) FeCr(La) and (2) Cr(Ce).

The kinetic curve of the specimen mass change during oxidation of Cr0.5Ce alloy with oxygen (P, =0.01

atm, temperature 1100°C) totally repeats the form of typical curves of the Tedmon's process (initial
increase of the mass of specimen, reaching the maximum value with a further decrease of mass) (Fig.3).

However, as with FeCr(La) alloy, Eq.(4) yielded a big difference between the estimate and the
experimental data (see Fig. 3).
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Fig.3. (1) Total mass change of alloy Cr(Ce) in oxygen at 1100°C, (2) kinetic dependence of mass change

construed according to curve 1, (3) curve as per Eq.(2), (4) curve as per Eq.(4).

Therefore, particular caution is needed when assuming the possible reduction of the reaction surface and
using Eq.(2). Since the dependence M=f(t) cannot be given as elementary functions (both, explicitly and
inexplicitly), contribution vy, to the total mass change should be disregarded and dependence m = f(t)
should be plotted. This can be done graphically (curve 2, Fig. 3). In this case, Eq.(2) can be used again
(values of constants: k = 1.177cm?/mg and k, =2.648 mg?cm*h). Kinetic curve 3 calculated by this
equation in the given scale virtually coincides with the curve plotted according to the experimental one
(Fig. 3); while dependence ¢ = f(t) for alloy Cr(Ce) plotted using Eq.(5) is given in Fig. 2.

Clearly, all the above-mentioned is not a full argument to justify the presence of diffusion barriers in alloy
Cr(Ce) and the question of possible formation of CeCrOs during Cr(Ce) oxidation should be further
investigated by using direct physical methods.

To conclude the given communication, we would like to note that Egs. (2) and (5) can be presented more

generally:

2
t =
kzkp

[ekm(km — 1) + 1] + kikr (ekm — 1), (2

= kzzkp [1 — iln(e(p)] + kikr(i — 1), (5")
dm
d

where, k, = ( t)t=0,m=0 is a rectilinear constant. Consequently, other expressions change as well, e.g.,

t

Mpax = %. When k, — oo, Egs. (2') and (5') are transformed into Egs. (2) and (5) respectively. In

our case, for alloys FeCr(La) and Cr(Ce), k, =18.898 and 15.928 mg/cm?h, respectively. High values of this

constant allow using Eqgs. (2) and (5) processing the experimental data with high accuracy.
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Conclusion

So, the study of the oxidation processes of alloy Fe45Cr0.3La in air at 1200°C and alloy Cr0.5Ce in oxygen (pressure
0.01 atm) at 1100°C has shown similar kinetics of these processes. Since there are diffusion barriers in alloy FeCr(La)
as chromite LaCrO3, the presence of CeCrO3 in alloy Cr(Ce) can also be assumed, which should be further
investigated by direct physical methods.
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bgbx ol sm®Mmgemgdolis s LaMYsdEom BgEs30MoL dg030MgdoL gMHmEMHMYEO
36039Lgd0L 293em96s 08305mA0fs 9eg9gbEgdom EM30MmYdMEO JOmTos-
$o®0m34abgero d965006md7d0L mgloo®mgdol 3obgE035%Y

053¢0 bsb3»0330¢00, 935D 3mbMY0dy, 300 Jsbb0s3z0eo
LogoMm3gml G9dbozmeo Mmbogg®lodg@ol 30dgMbgEogol oblEGodwdo

69bowdg

09MHIMAM53099BHOMo  dgmmeom  Jgufegeroos  FeCr(La) o Cr(Ce) 89bsc0bmdgdols
o059 3H9339M5GH Mo mJuLooMgdol  3obgBogs. FeCr(La)-l dsLob (33000900l 30693H0396
5330093 gdgdL  AssBbosm  13g308B0MMO BMMTs bgbxol sMmOMJwgdols s LaMgodzom
B953000L  J9d306MH900L  3OHMEILYdOL JOMOHMMEo J0dEOBIMYMBOL godm. 5ToLmMb JOMS,
5003000 593U OFYBOMMO dIMOIMGOOL FordmJabols sbmsbols JHmaoEoLogsb (LaCrOs). FeCr(Ce)-
b Lol (330009d0L 3069303 MO  ©ITIMZ0YINYGOGOL  A5hb0SM  0EIBGHMMO  BMMTs. 53
0©96@MOMO0L LYRMIZg DY ASTMMNJFME0s 39090, MHMI Cr(Ce) d9bsbMdTo Fglodergdgeros
5ML9dMdOIL OB HOMMHO dIMOIMIIO, HMAMMF 5oL 500 5J3L FeCr(La) d9bobmdolismgol.

153356dm BoEYz900: FgbsbeBors mboo®gds, bobxols s02GHc98s, bsGgsdzoe Bgossotols 8gdpoigbs.
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