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High temperature oxidation of Al,Os-based composites with Ni particle dispersion
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The oxidation behavior of ALOs-based composites with a 5 vol% Ni particle dispersion was investigated at high temperatures
in air. The oxidized layer consisted of AlO; and NiAl,O,. The growth of the oxidized layer followed a parabolic manner, which
means that mass transport in the oxidized layer was the rate-controlling process. The value of the parabolic rate constant at
1300°C was 1.8x18* m?s? which is higher than those of SiC-dispersed AD; composites and AlOs-former alloys.
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Introduction of the matrix was due to the oxygen permeation of the
PSZ and the growth rate of the cracked zone depended
To increase conversion efficiency of thermal cycles on the partial hole conductivity of the PSZ, which
such as gas turbine engines, new high temperaturedominated the oxygen permeation.
materials are required. Functionally graded materials Taking account of their results of PSZ composites, an
(FGMs) and nano-composites consisting of oxide oxide with high oxygen permeability is not suitable as
ceramics and metals have received attention as the nexd matrix. Alumina, which is one of the most popular
generation of high temperature materials. They are ceramics, has excellent mechanical properties and low
classified as metal-dispersed oxide composites. Theirdiffusivity of ions at high temperatures. In this paper,
mechanical and physical properties have been studiedhigh temperature oxidation of Ads-based composites
as well as their production processes [1, 2]. However with an Ni particle dispersion is discussed.
the high temperature oxidation/corrosion of metal-
dispersed oxide composites has not been investigated in Experimental
any details. Only the high temperature oxidation of
thermal barrier FGM coatings has been reported [3]. Commerciala-alumina powder (Sumitomo Chemical
There are also a few reports on the oxidation behaviorCo., AA-04, with a particle size 0.Am, and purity
of oxide ceramics with non-oxide ceramic dispersion 99.99%) with 5 vol % of Ni powder (purity 99%, 10
such as SiC or TiN [4-8]. pm) were mixed in ethyl alcohol for 30 minutes in a
Since at high temperatures oxygen can pass thoughmortar. After drying, the powder mixture was consoli-
oxide matrix, a metallic dispersion will oxidize in the dated using a pulsed current pressure-sintering techni-
matrix. The metallic dispersion expands due to oxida- que at 1350°C in die temperature under 40 MPa die
tion and stresses the matrix. The matrix is cracked pressure for a 30 minutes holding time in vacuum. The
when the stress generated by the oxidation of the metakintered samples attained a density of at least 99% of
dispersion reaches the fracture strength. Finally, thetheoretical value. The surface of the samples was
composite is fractured. Thus, to design FGMs and ground using #1500 SiC-abrasive papers. The sample
nano-composites for high temperature applications, was put on top of alumina balls in an alumina crucible
high temperature oxidation/corrosion is very important. and oxidized at 1300 and 1350°C in air. The hearting
Nankoet al [9, 10] reported on the high temperature rate in the oxidation experiments was 400 K/h. The
oxidation of partially-stabilized zirconia (PSZ) com- oxidized samples were evaluated using X-ray diffrac-
posites with Ni particle dispersions. Due to the tion (XRD) to identify the oxidation products and
oxidation of the Ni dispersion, the PSZ matrix was scanning electron microscopy (SEM) to observe the
cracked in the surface region. The cracked region grewmicrostructure.
proportionally with oxidation time. Based on a kinetic

analysis of oxidation, they concluded that the fracture Results and Discussion

Figure 1 shows the XRD pattern of the surface of a
*Corresponding author: idati °
S ety oyl sample after OX|dat_|on at ;300 C for 5 days. There are
Fax: +81-258-47-9770 peaks ofa-Al 203, NiAl 204 in the XRD pattern. Peaks
E-mail: nanko@mech.nagaokaut.ac.jp of NiO cannot be identified clearly. This fact means
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Fig. 1. XRD pattern of AO; composite with Ni dispersion afte  gjifferent color with the AO; matrix and is similar to
oxidized at 1300°C for 5 days. the oxidized dispersion in the oxidized region. The top
layer and the oxidized dispersion can be identified as
that the oxidation reaction of Ni particles in the@y NiAl ,O4 based on the results of XRD. Nj@), grains
matrix follows the equilibrium phase relation as in the oxidized layer are irregular in shape, compared
follows: with Ni particles. They have extrusions into the@l
. . matrix. Voids are also observed in the N3y disper-
2Ni+2A105+0,=2NIAl 0, (1) sion located in the oxidized zone. Between the oxidized
Based on the ternary phase diagram of Ni-Al-O [11], layer and the non-oxidized region, there is an inter-
NiO does not coexist with AD; and NiALO,. mediate region which consists of partially-oxidized Ni
Figure 2 shows an SEM image of the sample surfaceparticles.
after oxidation at 1300°C for 2 days. The surface of the From the surface, there are 3 regions with (1)
oxidized sample consists of flat area, represents thecompletely oxidized Ni particles, (2) partially oxidized
initial surface, and well-faceted nodules. With increas- particles, and (3) Ni particles where an oxide layer is
ing oxidation time or temperature, the well-faceted not observed. In this paper, region (1) is defined as an
nodules grew and covered the surface. Figure 3 showsoxidized layer.
an SEM photograph of a cross-sectional view of the Figure 4 shows the depth of the oxidized layegs
sample oxidized at 1300°C for 5 days. As shown in a function of holding timet, for the high temperature
Fig. 3, there are no Ni particles in the region from the oxidation of a 5 vol% Ni-dispersed A); composite.
surface to a depth of 95m. The region in which Ni  Growth of the oxidized region follows a parabolic
particles have oxidized completely is defined as the manner:
oxidized layer. The metallic Ni dispersion has been =kt @
oxidized completely in this region. The .8 com-
posite is not fractured by the oxidation of the Ni where k, is the parabolic rate constant. Since the
particles at all. There is a surface layer that has aoxidized region is dense as shown in Fig. 3, mass
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Fig. 2. SEM image of sample surface after oxidation at 1300°C fo Fig. 4. Depth of oxidized layek, as a function of time, on high
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Fig. 7. Schematic illustration of oxidation modes of oxide
ceramics composites [4].

observed in the high temperature oxidation ofOM
forming alloys that develop an A; scale with a large

transport through the oxidized layer is the predominant contribution from the outward diffusion of Al along
process for the growth of the oxidized layer. Figure 5 grain boundaries [13, 15-17]. The voids in the N@yl
shows the parabolic rate constant as a function ofin the inside of the oxidized layer are also developed

reciprocal temperature. The valueskgpffor some high

due to the outward diffusion of cations. Because the

temperature materials are given in Fig. 5. The oxidation volume expansion of the dispersion by oxidation is

resistance of the ADs-based composites with 5 vol%
Ni particles is less than those of SiC-dispersegDAl
composites [4] andl,Os-forming alloys [12-14]. The
temperature dependence kf on the growth of the
oxidized layer of Ni-dispersed AD; is similar to that
of other materials.

As shown in Fig. 2, heterogamous Ni@} forms on

compensated due to the outward diffusion of cations,
fracture of the oxidized zone does not occur.

Luthra and Park [4] reported on the oxidation
behavior of SiC-dispersed oxide ceramic composites at
temperatures ranging from 1375 to 1575°C. As shown
in Fig. 7, they described three possible situations in
their oxidation behavior, which depend on the relative

the initial surface. The initial surface was also observed diffusion rates or permeabilities of oxygen through the
on the surface after oxidation. This morphology means matrix oxide and the reaction products:

that the faceted surface, consisting of Nyl develop-
ed by the outward diffusion of cations along grain

CASE I; oxygen diffusion rate through the matrix

boundaries. Figure 6 illustrates the mechanism of the oxide is much faster than the oxide production rate,
growth of this oxidized layer. In the case where cations CASE II; oxygen diffusion rate through the oxidation
were not supplied from the inside, the surface should product is comparable to or faster than that through the
be flat after oxidation. Such surface morphology can be matrix oxide, and

Fig. 6. Schematic illustration of a speculation of the mechanfsm o
high temperature oxidation of Ni-dispersed@J composite.

CASE llI; an intermediate situation between case 1
and 2.

The oxidation behavior of Ni particle-dispersed@y
composites in this study corresponds to CASE lll, as
observed in Fig. 3. As shown in Fig. 3, the shape of
NiAl ,O,4 grains is irregular. Extrusions of Nif, into
the ALO; matrix are observed in the oxidized layer.
The extrusions are formed due to the rate-controlling
supply of oxygen to the Ni grains, which occurs in
CASE Il or CASE lll. To decrease the distance of
diffusion of oxygen, NiAJO, grows along the grain
boundaries of the AD; matrix, as shown in Fig. 6.

Based on the discussion above, the growth of the
oxidized layer is predominately a mass transport process
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