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Abstract

With the aid of DTA, TG, XRD, SEM and EPMA methods the kinetics and mechanism of oxidation of both composite powders
and monolithic ceramics of AIN—(TiB,—TiSi,) system with different content of components were studied in the air up to 1450 °C
under isothermal and non-isothermal conditions. It was established that the oxidation isotherms of monolithic ceramics follow the
parabolic and paralinear rate law. According to the kinetic data and results of investigation of composition, morphology and
structure of oxide films that are formed at different temperatures, the AIN—based ceramics containing up to 30% (TiB,—TiSi,) solid
solutions are the corrosion-resistant and have the high adhesion of oxide layer in relation to substrate material. The activation
energies of oxidation calculated for ceramics with 10% (TiB,—TiSi,) are: E£; =180 kJ/mol for the temperature range up to 1300 °C
and E,=630 kJ/mol at 1350-1450 °C. The change of activation energy value is associated with the change of oxide layer compo-
sition: at the oxidation till 1300 °C the oxides of individual elements are, mainly, formed on the samples while above 1350 °C the

formation of very dense surface film containing fB-tialite Al,TiOs takes place.

© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

There are literature data about high-temperature oxi-
dation of both AIN!= and TiB,.® Concerning oxida-
tion of pure AIN, it was established that the limiting
stage defining the reaction mechanism was the oxygen
diffusion through the scale. Hereby the amorphous alu-
minium oxide and Al;(NgO, oxynitride are the oxida-
tion products till 1100 °C while only a-Al,O3; above
1100 °C. The material on the base of pure AIN has a
comparatively high corrosion resistance, but low mag-
nitudes of mechanical characteristics. According to
phase diagram of Ti-B-O system,!? at the partial oxy-
gen pressure near the atmospheric one and the high
enough partial pressure of B,O3; (10~° Pa), the TiO,
(rutile) is a stable reaction product. The lower titanium
oxides are stable only at low pressures, and region of
TiB existence is limited by narrow band between the
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fields of TiB, and lower titanium oxides stability. So,
the main products of TiB, oxidation in air are TiO, and
B>0;, the latter being intensively evaporated at elevated
temperatures. However, the high-temperature corrosion
of TiB,%® follows the parabolic oxidation law. It was
shown that the additives being contained in the mono-
lithic TiB, samples slow down the oxidation, forming the
diffusion barriers at both matrix/scale and scale/gas
interfaces as well as promoting the sintering of a scale. On
the whole, pure TiB, has not a high oxidation resistance.

The oxidation of equimolar AIN-TiB, composite in
the oxygen flow was studied'! in the temperature range
of 700-1300 °C. This material has high oxidation resis-
tance at temperatures up to 1100 °C, but more intensive
oxidation and formation of comparatively thick oxide
layers restrict its application at higher temperatures.
Nevertheless, the formation of aluminum borates
(Al4B>Og and Al 3B4O53) by entrapment of boron oxide
by alumina is very interesting because it reduces the
evaporation of boron oxide in comparison with pure
titanium boride.

0955-2219/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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As for high-temperature oxidation of (TiB,—TiSi,)
solid solution, there is only one paper'? informing about
the scale composition in the inner (TiO, anataz, B,O3)
and outer (TiO, rutile, B-cristobalite, B,O3) scale layers
in the temperature range of 1000-1200 °C. In parti-
cular, the oxidation of 20% TiSi»+80% TiB, solid
solution was studied. It was shown that during 7 h
oxidation in air at 1200 °C the sample mass gain
proved to be 6.2 mg/cm? whereas for pure TiB,—
29.5 mg/cm?, i.e. the TiSi, additive increases the cor-
rosion resistance of TiB,. Besides, the TiSi, additive
ensures the high plasticity of TiB,-based ceramics at
high temperatures.

2. Experimental

Kinetics of high-temperature oxidation in air up to
1450C of AIN—(TiB,-TiSi,) composites as well as cor-
responding powder mixtures were studied under both
isothermal and non-isothermal (at a heating rate of
15 °C/min) conditions by TG and DTA methods using a
Setaram device. The composition and structure of
interaction products were studied with the aid of XRD,
EPMA, metallographic and SEM methods. XRD analy-
sis was carried out in CukK, radiation using a DRON-3M
device, determination of microstructure and elements
distribution by EPMA using a Camebax 5X-50 device.

WDS 1S.0kV 3000

Fig. 1. Microstructure of 50% AIN-50% (TiB,-TiSi,) ceramics in secondary electrons [(a) x 1000, (b) x 3000] and in characteristic radiation [(c) Ti,

() AL (e) B, x 3000].
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The monolithic ceramic samples were prepared using
the sintering under pressure 30-40 MPa at 1760-1780 °C
of AIN, TiB, and TiSi, powder mixtures crumbled in
the planetary mill. The mixtures pointed out were
ground in the drums lined with aluminium nitride. As
grinding bodies the steel balls were used. The sample
dimensions were 1.0 x 0.3 x 0.4 cm, the residual por-
osity of samples being <2%. The samples structure was
homogeneous, fine-dispersion one, with the grain sizes
< 1-3 pm. One can see as an example the microstructure
of 50% AIN-50% (TiB,-TiSi,) sample in secondary
electrons (Fig. 1 a,b) and in characteristic radiation
(Fig. 1c—Ti, d—Al, e—B). For all the ceramics
compositions the initial sintered samples contained
only crystalline phases (AIN, solid solution of TiSi,
in TiB, with TiSi, concentration ~20 mass%, and Fe
additive ~4-5%); the amorphous phases were not
observed.

The samples with different AIN content (90, 70 and 50
mass% AIN) were investigated. In Tables 1 and 2, they
are presented as 1, 2 and 3 samples, respectively. The
powders under study were of the same composition, the
particle size being <20 pm, initial weight of powder
sample being 0.5 g.

3. Results and discussion

One can see in Fig. 2 the TG, DTA and DTG curves
of non-isothermal oxidation of composite powders with
90 mass% AIN (a) and 50 mass% AIN (b). Oxidation of
all studied powders of AIN—(TiB,-TiSi,) system is a

Table 1

three-stage process characterized by three exothermal
peaks on DTA-curves.

The temperature of first peak is the same (600-610 °C)
for all compositions whereas the temperature of second
peak is replaced from 1000 °C for 90% AIN to 900 °C
(70% AIN) and 800 °C (powders with 50% AIN). The
second peak is the most spread for 10 mass% (TiB,—
TiSi,) content in the powder mixture; but the area under
curve of this peak is minimum. As one can see in Fig. 2,
a, the contribution of third (high-temperature) interac-
tion stage in a summary heat evolution is the most one.

The endothermic region of DTA curves registered for
the last (fourth) stage of non-isothermal heating of
powders (for 90% AIN at 7' > 1220 °C and 50% AIN at
T > 950 °C) is, probably, associated with an absorption
of heat that is consumed for a sintering of a scale
formed.

According to XRD data, the powders oxidized under
non-isothermal heating up to 1300 °C contain
B-Al,TiO5 (main phase), a-Al,O3, TiO, (rutile) as well
as small amount of a-SiO, and AIBOj; (traces). Hereby
the aluminum titanate diffraction lines are somewhat
modified on the account of dissolution of Fe,TiOs5 in its
lattice. The relative content of rutile and aluminum
borate in the oxidized powders with 50% AIN proved to
be significantly higher than that for 70% AIN and,
especially, 90% AIN.

For monolithic ceramic samples the heat effects on
DTA curves for all the oxidation stages are more feebly
marked, the first peak being almost not pronounced.
Herein the temperatures of second and third peaks are
removed in the side of higher temperatures ~by 250 °C.

Phase composition of scale on different AIN—(TiB,—TiSi,)* ceramics (XRD data)

Kind of samples Temperature range °C

Composition of oxide film

1 1200-1250 TiO, (rutile), Al;oNgO,, a-SiO, (traces), Fe,Os (traces)

1300-1350 o-Al,O3, B-Al,TiOs, Fe,TiOs, AIBO3 (small amount)

1400-1450 a-Al,03, B-Al,TiOs, (B-ALTiOs. Fe,TiOs) solid solution,(a-Al,O5. SiO») solid solution
2 1200-1250 TiO, (rutile), Al;oNgO,, a-SiO; (traces), Fe,O; (traces)

1300-1350 a-Al,O3, B-Al,TiOs, Fe,TiOs, AIBO3 (small amount)

1400-1450 B-AlL,TiOs, (B-Al,TiOs — Fe,TiOs) solid solution, (a-Al,Os- SiO,) solid solution, a-Al,O3
3 1200-1250 TiO, (rutile), Al;oNgO,, a-SiO,, Fe,Oj5 (traces)

1300-1350 0(-A1203, (B-AlleOs - FezTiO5), (0(-A1203_ TlOp_), CX-SiOz, AIBO3

1400 B-ALTiOs, (B-Al, TiOs — Fe,TiOs) solid solution, (a-Al,O3. TiO,) solid solution, ¢-SiO,

2 TiB,—20 mass% TiSi,) solid solution.

Table 2

Constants K, (kgZ m~* s~!) of parabolic rate law for oxidation of the AIN—(TiB; TiSi,) ceramics

Kind of composition Temperature, °C

1200 1220 1250 1275 1300 1350 1400 1450
1 1.51x107° 2.26x107° 3.82x107° 1.06x10~8 4.67x1078 1.65x10~7
2 1.33x1078 1.8x1078 7.8x1078 1.03x10~7 2.95x10~78 3.25x10778
3 7.92x 1078 2.58x10772

4 Quasi-parabolic oxidation (with some throwing about of points).
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Fig. 2. High-temperature oxidation of 90% AIN-10% (TiB,-TiSi,) (a) and 50% AIN-50% (TiB,—TiSi,) (b) composite powders.

The length of third peak field is different for different
ceramics (in the range of 1350-1450 °C).

According to XRD and EPMA data, the first, most
weak DTA peak is, obviously, connected with a heat
effect of reaction

TiB, + 0, — TiO, rutile + B,O; ()

At the second stage the formation of silicon dioxide
and aluminum oxynitride takes place

TiSi, + O, — TiO; (rutile) + SiO; (a-quartz) (2)

AIN+0; — AlNsO; + N, 3)

along with the oxidation of Fe additive being contained
in a drum charge on the account of a grinding

Fe+0, — Fe,03 4)

For the third stage the total exothermal effect is
defined by a proceeding of four reactions:

Alj)NgO, + 0, —  o-ALO3 + Ny ®)

AlLO; + TiO; — B-AlLTiOs (a tialite structure) (6)
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Fe,03 4+ TiO, — Fe,TiOs (a bruskite-like lattice)  (7)
Al,O3 + B,0O3 melt = AIBO; ®)

The reaction (6) gives the most contribution to the
total heat evolution.

So, the boron oxide, formed in the first oxidation
period, is melted and in the further partially interacts
with a-Al,O3 (another part of B,Os3 is evaporated).
Hereby AIBO; is formed, its traces, sometimes small
amounts, being found by XRD method (see Table 1). It
must be noted that at the temperatures more than

1400 °C aluminum borate was not found in the scale,
obviously, due to its decomposition and B,Os3 rapid
evaporation. Because of a prevailing exothermal effect
of (TiB,-TiSi) oxidation itself and comparatively
small amounts of B,Os3, the endothermic sections on
DTA-curves, associated with B,O; melting and eva-
poration, were not observed in our tests. However, in
the cases of larger (TiB,—TiSi,) content in the ceramics
studied, the less dense oxidation layers were formed,
mainly, resulting from more essential contribution of
melted B,O; evaporation. Because composition and
condition of the protective oxidation surface layer

Fig. 3. Structure of oxide film formed on AIN—(TiB,-TiSi,) ceramics at different temperatures: (a) 90% AIN-10% (TiB,—TiSi,), 1200 °C, x 5000;
(b) 70% AIN-30% (TiB,-TiSi,), 1200 °C, x 3000; (c) 70% AIN-30% (TiB,-TiSi,), 1350 °C, x 3000; (d) 50% AIN-50% (TiB,~TiSi,), 1400 °C, x
5000; (e) 90% AIN-10% (TiB,—TiSiy), 1450 °C, x 5000; (f) 70% AIN-30% (TiB,~TiSi,), 1500 °C, x 3000.
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determine the oxygen diffusion into the materials, it
can be one of the main factors in the oxidation
behavior of ceramic materials containing borides.
With the aid of XRD, EPMA, SEM and metallo-
graphic analyses, it was established that the oxide film
formed at the oxidation of ceramics with 90% AIN at
1200 °C (Fig. 3a) consisted of a light phase as large oval
globules (conglomerations of smaller grains, ~2.5-3.0
pm) as well as more dark loose “‘matrix” phases with the
grain sizes of 3.5-3.9 um. The globules pointed out con-
tain titanium, oxygen and iron (Fig. 4a,b). The identified
phases are TiO, (rutile), aluminum oxynitride, as well as
small amounts of -SiO, and Fe,Oj3 (see also Table 1).

Sp.=1, Element:0 , Scala= 250
Sp.=2, Element:AL, Scala= 2500
Sp.=3, Element:TI, Scala= 4350

At 1300 °C the crystallites of matrix phases of oxide
film are small enough, they have a plate-like shape with
the ground cut grains, sometimes as column-like grains.
This film proved to be tightly sintered, it is characterized
by high adhesion as to a substrate. It consists of three
main phases: B-Al,TiOs (an average grain size ~1.5-1.7
um), Fe,TiOs, and a-Al,O; alloyed with «-SiO, (an
average grain size ~1.7 pum). The corresponding ele-
ments distribution is presented in Fig. 4c,d). In this film
a small amount of AIBO; phase is found by XRD
method as well.

At 1450 °C a very dense ultra-dispersion film forms
on the samples containing 90% AIN (Fig. 3e). This film
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Fig. 4. Distribution of elements in oxide film on 90% AIN-10% (TiB,—TiSi,) sample at different oxidation temperatures: (a, b) 1200 °C; (c, d)

1300 °C; (e, f) 1450 °C.
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has an average grain size <0.5 pum (only sometimes
there are the solitary grains ~0.8 pum).

It is characterized by an uniform distribution of ele-
ments—Al, Ti, Fe, Si, O (Fig. 4e,f) and can testify to a
formation of B-Al,TiOs, solid solution of Fe,TiOs in
B-Al,TiOs as well as a presence of a-Al,O3 with SiO,
dissolved in its lattice. The essential crushing up of
crystallites can be associated with the eutectic system
formation.!3 Apparently, the sintering of oxide layer is
caused by a presence of a liquid phase.

Beam=100.27nA,

Sp.=1, Element:0 , Scala= 250
Sp.=2, Element:iAL, Scala= 2500
Sp.=3, Element:TI, Scala= 1500
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According to XRD (Table 1) and EPMA study of
oxide film formed on monolithic 70% AIN-30% (TiB,—
TiSi,) ceramics at 1200 °C (Figs. 3b and 5a,b), it con-
sists of Al;joNgO,, TiO, (rutile) alloyed with Fe,O3, and
a-quartz with the rutile inclusions (a particle size ~1.2—
1.5 pm). There are also the globules of 3.54.8 um_the
latter growing together with the smaller grains.

At 1300 °C the oxide film on 70% AIN-30% (TiB,—
TiSi,) samples is also a fine-grain one. It consists of
B-Al,TiOs, Fe,TiOs, AIBO3 (small amount), a-Al,Os,
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Fig. 5. Distribution of elements in oxide film on 70% AIN-30% (TiB,-TiSi,) sample at different oxidation temperatures: (a, b) 1200 °C; (c, d)

1350 °C.



364 V.A. Lavrenko et al. | Journal of the European Ceramic Society 23 (2003) 357-369

Sp.=1, Element:0 , Scala= 200
Sp.=2, Element:AL, Scala= 1500
Sp.=3, Element:TI, Scala= 850

9 dgestapde AR Wt

1 Length=

S5p.=1, Element:0 , Scala= 200
Sp.=2, Element:S1, Scala= S0
Sp.=3, Element:FE, Scala= 350

AR AR AR AR AR AR AR A AR AR AL RA RS LARRAARRAR RRRARRLLE: ISAASAARRRSRRARARARLS RARRRRARRS B

33.96 microns, Step=

0.17 microns 200

Fe

1 Length=

34.28 microns, Step=

YTTTTTreT IRARSAARRANSARRASARRY RARRARAR ERARE AL R R RS RS RAAS AR AR AR AR RARRAREREE RRRAARALES B

0.17 microns 200

Fig. 5. (continued)

and SiO,, the grain sizes of last two phases being
~1.7-2.1 um. At 1350 °C a significant growth of B-tia-
lite grains is observed. As a result of their recrystallisa-
tion the Al,TiOs plates form (Fig. 3c), and a number of
Fe,TiOs globules essentially decreases, they disintegrate
to the smaller grains (the elements distribution see in
Fig. 5c,d).

At 1450 °C the B-AlTiOs and solid solution of
Fe,TiOs in B-Al,TiOs are the main phases of the film on
70% AIN-30% (TiB,—TiSi,) ceramics (Table 1, Fig. 3f)

however, there are also the separate grains of solid
solution of SiO, in a-Al,Os. Hereby some large grains
of silicon dioxide (~5-6 pum) are discretely placed near
the film/substrate boundary while the separate rutile
grains are discretely arranged near the film/gas inter-
face.

The oxide film formed at the oxidation of 50% AIN-
50% (TiB,—TiSi,) ceramics samples at 1200 °C is char-
acterized by a fine-dispersion structure with the max-
imum value of grains <2 um . It contains Al;(NgO»,
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Fe,O5 (the iron diffuses to a surface), TiO», solid solu-
tion of Fe,O3 in TiO,, and also some amount of a-SiO,,
according to Fig. 6 a,b.

At 1400 °C the scale on these ceramics contains the
(Al,05-TiO») solid solution with a grain size <3 um,
fine-dispersion phases of B-Al,TiOs and solid solution
of Fe,TiOs in Al,TiOs with an average grain size < 1.5
pum, and also the solitary grains of a-SiO, (Figs. 3d and
6¢,d).

Thus, with increasing content of TiB,—TiSi, a shift of
the oxidation processes to lower temperatures was
observed. On the base of TG and DTA data of non-

Sp.=1, Element:0 , Scala= 250
Sp.=2, Element:AL, Scala= 900
Sp.=3, Element:Tl, Scala= 750

isothermal oxidation as well as isotherms of the depen-
dence of samples mass gain on the exposure time, one
can conclude that the ceramics of 90% AIN-10%
(TiB,-TiSi,) system proved to be the most oxidation-
resistant (Fig. 7). The mass gain per a unit of a surface
area resulting from the samples heating in air at 1350 °C
during 120 min for the 90% AIN-10% (TiB,-TiSi,)
material is 0.7, 70% AIN-30% (TiB,—TiSi,)—4.5, and
50% AIN-50% (TiB,-TiSi,)-6.0 mg/cm? (Fig. 8).

It has been established that for the first out of these
ceramics the oxide films obtained are the dense enough,
practically without pores, uniform, with a sharp border
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Fig. 6. Distribution of elements in oxide film on 50% AIN-50% (TiB,-TiSi,) sample at different oxidation temperatures: (a, b) 1200 °C; (c, d)

1400 °C.
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Fig. 6. (continued)

between substrate and scale. However, in the case of
ceramics with 50% (TiB,-TiSi,), the scale formed at
1300-1400 °C proved to be more friable—on the
account of larger amount of aluminum borate and its
further decomposition with B,O5; evaporation. Namely
in this case the oxygen diffusion into the material is sig-
nificantly accelerated, and oxidation process occurs in
the bulk of material too. The final thickness of oxide
layer on different ceramics is differed, depending on the
(TiB,—TiSi,) content, and is equal to 14...25 um.

For initial stages of oxidation, almost in all the cases,
the isothermal curves of mass gain follow the parabolic

law of the dependence of oxidation rate on time (7).
Taking into account the experimental oxidation iso-
therms (for the ceramics with 90% AIN see Fig. 7), on
the base of (Am/S)>=f (r) linear dependence (Fig. 9)
obtained, the constants of parabolic rate law were cal-
culated. They are presented in Table 2 for different
ceramics composition. It must be noted that vaporiza-
tion of B,O3, especially in the case of 50% AIN — 50%
(TiB, — TiSi,) ceramics, can exert a strong influence
upon the deviation of kinetic curves observed from a
parabolic dependence. Above 1250 °C the oxidation of
these ceramics always obeys paralinear or linear law.
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Fig. 7. Oxidation isotherms for 90% AIN-10% (TiB,—TiSi,) ceramics
at temperatures (°C): (1) 1200, (2) 1250, (3) 1300, (4) 1350, (5) 1400, (6)
1450.
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Fig. 8. Oxidation isotherms at 1350 °C for ceramics: (1) 90% AIN-
10% (TiBy-TiSi,), (2) 70% AIN-30% (TiB,-TiSiy), (3) 50% AIN-—
50% (TiB,—TiSiy).

One can see in Table 2 a significant rise of oxidation
rate at an increase of (TiB,—TiSi,) content in the cera-
mics samples.

According to Arrhenius plot, on the base of depen-
dence of logarithm of oxidation rate constants on reci-
procal temperature, the values of apparent activation
energy were calculated [see Fig. 10 for the material with
10% (TiB,-TiSiy)]. So, for these ceramics E;=180
kJ/mol in the temperature range of 1200-1300 °C and
E;=630 kJ/mol in the interval of 1350-1450 °C while
for 70% AIN-30% (TiB,—TiSi,) ones in the range of
1200-1350 °C the oxidation is characterized by only
value of E=400 kJ/mol.

The change of activation energy for 90% AIN-10%
(TiB,-TiSi,) ceramics is associated with a change of
oxidation mechanism in the temperature range of
~1300-1350 °C. In this case, up to 1300 °C the oxida-
tion is limited by oxygen diffusion into a depth of sam-
ple as well as an opposite diffusion of material
components through a film containing individual oxides
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oyt
1250C
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— 20 180 240
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18 1450

6 100%
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Fig. 9. Plots for calculation of constants of parabolic rate law for 90%
AIN-10% (TiB,-TiSi,) ceramics at oxidation temperatures: (a) 1200,
1250 and 1300 °C; (b) 1400 and 1450 °C.
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Fig. 10. Dependence of the rate constant of parabolic oxidation law
on the reciprocal temperature for 90% AIN-10% (TiB,-TiSi,) cera-
mics.

of elements. At the temperatures above 1350 °C, the
oxidation is already limited by oxygen diffusion through
a formed exceptionally dense surface film of B-Al,TiOs
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and solid solution of Fe,TiOs in B-Al,TiOs that leads to
a slowing down of the process rate because of a sharp
rise of activation energy.

In the case of interaction of 70% AIN-30% (TiB,—
TiSi») material with oxygen, the B-tialite formation is
already observed in oxide film at ~1250 °C, the oxida-
tion of these ceramics being defined by only value of the
apparent activation energy.

In order to increase the corrosion resistance of AIN—
(TiB,-TiSi,) ceramics, the preliminary oxidation at
lower temperature is used. In such cases the protective
oxide layers are formed a priori to prevent from the
further oxidation. The sample of 70% AIN-30% (TiB,—
TiSi,) ceramics preliminarily oxidized at 1120 °C during
3.5 h (Fig. 11, curve 1) then was oxidized at 1350 °C
(curve 3); the parabolic rate constant K,=2.95.10~7 kg?
m~* s~!. After such treatment the same sample was
oxidized at 1400 °C during 3.5 h. Hereby the mass gain
(curve 2) proved to be significantly less, the
K,=5.5.10" kg> m~* s~! being by 5.4 times less than
that for 1350 °C. Of course, in these cases, the calcula-
tion of parabolic rate constants has a conditional char-
acter because of a deviation of kinetic curves obtained
from parabolic dependence, resulting from the boron
oxide volatilization.

Thus, on the base of kinetic data (Table 2) and data
concerning composition, morphology and structure of
oxide films, among the materials studied the AIN-based
ceramics with 10% (TiB,-TiSi,) proved to be the most
corrosion-resistant, with a high adhesion of oxide layer
as to a substrate material.

The features of oxide film formation on these materials
depend on many factors. First of all, one can take into
account the composition of ceramics, rates of oxidation
of different components and intermediate products
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Fig. 11. The effect of preliminarily oxidation of 70% AIN-30%
(TiB,-TiSi,) ceramics on a rise of their corrosion resistance. The
sequence of sample heating: 1120 °C (curve 1); 1350 °C (curve 3);
1400 °C (curve 2).

according to (1), (2), (3), (4) and (5) reactions. The
kinetics of both solid-phase (6), (7) reactions and solid-
liquid (8) reaction, mechanism of diffusion of oxygen
and solid components as well as boron oxide melting
and evaporation also exert the significant effect on the
ceramics oxidation behavior. Besides, one has to take
into account a mutual solubility of titanate and oxide
phases and also a possibility of eutectics formation in
the appropriate thermodynamic systems.

In the case of 90% AIN-10% (TiB,—TiSi,) and 70%
AIN-30% (TiB,-TiSi;) materials, under the definite
conditions of high-temperature oxidation, the forma-
tion of a gradient structure, in fact, takes place. Hereby
a dense growing together of a surface material layer
with a base occurs due to a very high adhesion. The
mechanical properties of such gradient materials at
high temperatures in air may be significantly better
than those of the ceramics without protective surface
layers.

4. Conclusion

1. The composition and structure of AIN—(TiB,—-
TiSi,) ceramics containing ~5% Fe additive as
well as oxidation conditions exert a strong influ-
ence upon the kinetics and mechanism of scale
formation. At short times of exposure in air and
comparatively low temperatures (1200-1300 °C),
TiO, rutile, boron oxide, aluminum oxynitride,
and o-quartz are formed. At longer oxidation
and higher temperatures (1350-1450 °C)
B-Al,TiOs (tialite) and a solid solution of
Fe,TiOs in B-Al,TiOs are the main interaction
products. Herein the small amounts of solid
solutions of TiO, and SiO, in a-Al,O5 are pre-
sent as well.

2. The values of apparent activation energy of oxi-
dation of 90% AIN-10% (TiB,—TiSi,) ceramics
calculated on the base of experimental kinetic
data according to the Arrhenius equation are:
E; =180 kJ/mol for the temperature range of
1200-1300 °C and E, =630 kJ/mol for the inter-
val of 1350-1450 °C.

3. The AIN—(TiB,-TiSi,) ceramics studied, espe-
cially with 10% (TiB,—TiSi,) solid solution con-
tent, have a high oxidation resistance in air up to
1450 °C, mainly, on the account of aluminum
titanate formation in the outer scale layer.

4. In the case of these ceramics high-temperature
oxidation, the formation of fine-dispersion
structure takes place. Hereby a growing together
of surface layer with a base occurs due to a very
high adhesion, the gradient materials with pro-
tective outer layer forming.
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