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Component for high temperature structural applications, such as in gas turbine and aerospace engines, heat exchangers,
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and hot gas fillers are conventionally made from Fe-, Ni-, Co-based superalloys with operating temperatures around 1100°C that is near
their upper use temperature. Accordingly, the use of coofing air is necessary, thus resulting in reduced effidency and performance of the
system. Since these applications require longtemn exposure to oxidizing environments, the materids have to be featured by a
combination of mechanical (e.g., strength, fracture toughness, and creep resistance), chemical (e.g., oxidation and comosion
resistance), thermo-physically properties (e.g., thermal shock resistance), and also longterm stability during service at elevated
temperatures. An alloxide ceramic composite consisting of oxide fibers, oxide matrix, and an oxide interphase(s), is a potential
candidate due to its damage tolerance and inherent resistance to degradation in oxdizing amospheres at high temperatures. Because
of a reduced need or no need for cooling air, the applications of all-oxide CMCs lead to an increase in thermal efficiency and a reduction
in pollutant emissions (NOx, CO, and unbumed hydrocarbons). One of the most popular alloxide composites is alumina fiber reinforced
alumina matix composites. However, processing of this malterial faces some drawbacks, such as difficulty in dispersing fiber
homogeneously, need for surface treatment of the fiber, hard to consolidate due to networking structure and high cost, In order to
overcome this problem, in-situ synthesis is applied to obtaining composites that have similar structure and properties as fiber-ike
reinforced matrix composites.

In this work, barium hexaaluminate (Ba-p-Al:03 or BaO-7.3Ak0s) was studied further for potential application as
reinforcement for alumina-mafrix composites through in situ synthesis of alumina-barium carbonate and alumina-barium zrconate

powders. Due to limited information on densification behavior and mechanical properties data on bulk single phase of Ba-f-AkOs
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synthesis and formation mechanism of Ba--Alz03 powder followed by densification of synthesized powders by spark plasma sintering
(SPS) and pressureless sintering (PLS) were first conducted. Then, using the same starting powders and processing, 30%vol
Ba-B-ALOYALO; and 30%vol [Ba-f-AL0+ZrOJALO; composites were produced from in situ reaction of (ALO3BaCO;) and
(AO5BaZrOs), respectively.

So far, some research works have concemed with the sofid-state synthesis [1] and formation mechanisms [2,3] of
Ba-f-ALO; phase. However, to the best knowledge of the present authors, different from conventional solid-state reaction technique, in
this research, a high-energy planetary ball miling method was applied to reduce the partide sizes and enhance the reactivity of
constituent pawders. Besides, the formation mechanism of Bafi-AbO3 phase has never been reported before from the viewpoint of
morphological evolution with temperature changes. Thus the first goals of this research are to synthesize monophasic Ba-{3-AL03
powder through mechanically-adivated milling and solid-state reaction of alumina and barium carbonate powder mixtures and to get
further understanding of its formation mechanism. Ba{i-ALO; was synthesized through this following equation:

7.3AL0; + BaCO; — BaO-7.3AL0; + CO2 (1
Based on TG, DSC and XRD results, mechanically activated milling results in decrease in decomposition temperature of BaCOs and
promotes further reaction between ALO; and BaCO; powders [4]. Aimost single phase Ba-$-ALOs can be synthesized through high
energy ball milling for 9 ~ 12 hours, followed by heat treatment at 1500°C for 2 hours. The formation of Ba{3-AkO3 phase includes three
stages: (i) decomposition of BaCOs, (ii) formation and growth of spherical BaO-AlO3 particles, and (iii) reaction between ALO; and
BaO-Al;O; to form Ba-3-AkO; with an elongated morphology. Figure 1 shows a schemaiic ilustration of the reaction sequence and

formation mechanism of the Ba-{3-Al0; phase during heat treatment.
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Fig. 1. Schematic illustration showing the formation of elongated Ba-B-AlO4
Ba-B-ALOsis very difficult to be densified due to its peculiar layered structure and its elongated morphology. Many attempts
have been made to obtain dense sample of Ba-R-AkO: but the results were unsatisfactory. Debsikdar [5] stated that the

Pressureles-sintered density of this material up to 1550°C for 24 h was, less than 60% . Work by He et.al. [6] and Dunn et.al. [7] in the
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same year, almost dense barium hexaaluminate could be consolidated by PLS but it needs very high temperature of sintering ang long
sintering ime. Due to this difficuity, to the best of our knowledge, therefore, it is still fittle research discussing the mechanical Properties of
this material. Besides, densification by using SPS methods is not yet done. Based on the formation mechanism of Ba’ﬁ-AbOa
discussed above, dense Ba-$-Al;0; samples were consolidated from two different powders compounds, i.e., [BaO-AO3 + ALO; (rote
1) and Ba-Al0; (route 2) powders by SPS and PLS. A single phase of bulk Ba-$-ALO; with full density can be produced from
SPS-ed route-1 powders at 1500°C-30min. SPSed route-2 powder at 1500°C-60min only produced 91% of theoretical density. Route.1
powder was easier to be densified than route 2, because it has spherical and very fine powders. The phases for route 1 and route 2 are
[Ba-$-ALOs + trace of Al204 and Ba-3-Al,0;, respectively. The hardness and fracture toughness of this material were 14.6 GPa and 1.5
MPa.m'?, respectively. PLS at 1500°C for 2 h was not able to produce dense bulk Ba--ALOa derived neither from route-1 nor route-2
(with relative density less than 80%TD). The fracture images showed that it has transgranular mode of fracture,

In alumina based compasites, the elongated second phases used as reinforcements are, generally, aluminate compounds
with a layered f-alumina strudiure (such as LaAl11O4a [8], BaO6.9Ak0: [9], SrAli2O1e [10]) or @ magnetoplumbite (MP) structure
(LaMgAl1101s [11] and CaAl12049 [12]). Tagacka [9] has synthesized 22vol% Ba0.6.9 AkOs/ ALOs composites by PLS however there
is no further study on its mechanical properties. The main goals of this chapter are to in-situ synthesize and ‘charaderize 30vol%
Ba-ﬁ—AhOdAlﬁ composite by SPS and to examine its mechanical propetties.

The same AlzO; and BaCOs powders were used as staring material, with the nominal composition of composiles after sintering
is 30vol%Ba-f-Alz03 /ARO; (see eq. 2).

7.3AL0;3 + BaCO3 — 30vol%[Ba0-7.3Ab04] + AkOs + CO, ()
Based on the result of densification of bulk Ba-{}-A:Os, powder of [Ba0-ALO;+ALO4) (resulted from heat treatment of AbO; + BaCOs
powder following eq. 2) was used for SPS. The Ba-3-ALO; reinforced AlO; matrix composite with 100%TD can be fabricated by SPS
above 1400°C for 30min from [BaO-ALO3+ALO4] as starfing powders. Figure 2 shows dearly dense composite and platelike
morphology of Ba3-ALO; in the composite. It is seen that alumina has smooth surface and on the other hand Ba-B-ALO; phase has

rough surface and layered structure. Ba3-Al20; phase attached perfectly in the surrounding alumina matrix.

Fig. 2 Morphology of Ba-B-AlO3in the composite showing platelike and layered structure
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The hardness and fracture toughness of Ba-p-ALOyALO; composite were 18.03 GPa and 3.45 MPam'®, respectively. The
incorporation of Ba--AlZ0; phase results in a slight improvement in fracture toughness of the composite due to crack deflection and
crack bridging.

Recently, Chen et.al. [13,14] have also worked on in situ synthesis of alumina matrix composites by reactive sintering of ALO3
and BaZrO; powder mixtures through this following equation:

ALO3 + BaZrOz — Ba0-7.3AL0s + Zr0; + AlLO; (3)
The composite containing 30vol% [Ba$-Alz03 + ZrO;] showed an optimum combination of mechanical properties. In this chapter,
further research on synthesis of 30vol% [Ba--ALOzZrO2)/Al03 composites by two different densification procedures, i.e. (process-1)
planetary ball miling + SPS and (process-2) rotary ball milling + PLS, will be thoroughly studied. The objective of this work is to examine
the effect of processing parameter (ball miling and sintering methods) on densification behavior, fornation of reinforcements,
microstructural development and mechanical properties during consalidation. Ba-3-AkO4/ZrO; reinforced AlOs matrix composite with
almost 100% TD could be in situ synthesized by using PLS at 1500°C — 2h (process-1) or SPS at minimum 1400°C-30 min
(process-2). Process-2 could produce Ba-Al,03/ Zi0,/ Al;03 composite with higher toughness (5 MPa.m'?) than one by process-2
(441 MPam'?) . This might be due to the higher aspect ratio of reinforcement formed and crack propagation mainly in interface of
matrixireinforcement. Compare with Bafi-ALOyALO; composite (3.4 MPam'?), Bap-AOJZIO/ALO; composite produced by
process-1 or process-2, has higher fracture toughness. Besides due to difference in aspect ratio and crack propagation sites, it also was
due to the existence of Zr0; particale embedded in Ba-3-AlLO; phase. The crack propagation behavior of three different Ba-3-ALO;

reinforced alumina mafrix composites could be seen in the figure 3 below.

;

Fig. 3. (a) Ba-f-ALO¥ALO3 composite (b) Ba--AbOZrO/ALO; composite by process-1 (c) Ba-B-AOyZrOA/ALO; composite by
process-2
The fornation of Ba-p-AkOs and ZrO; phases as reinforcement of the composite could improve fracture toughness of
composite through crack bridging and crack deflection mechanism. The microstructure of in situ synthesized Ba-3-AbOyZrOx/ALO;

composite is stable until 1400°C.
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