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A. Research Goals 

During the past year, research has focused on processing and characterization of intermetallic 
composites synthesized by plasma spray deposition. This versatile process allows rapid synthesis of a variety 
of different composite systems with potential applications for coatings, functionally gradient materials, rapid 
proto-typing and 3d printing, as well as near-net-shape processing of complex shapes. We have been 
pursuing an experimental program of research aimed at a fundamental understanding of the microstructural 
processes involved in the synthesis of intermetallic composites, including diffusion, heat transfer, grain 
boundary migration, and the dependence of these phenomena on deposition parameters. The work has been 
motivated by issues arising from composite materials manufacturing technologies. Recent progress is 
described in section B on the following topics: 

t. 

ii. 
iii. 
iv. 

Reactive atomization and deposition of intermetallic composites (Ni3Al) 
Reactive synthesis of MoSi2-SiC composites 
Mechanical alloying of nanocrystalline alloys 
Tensile creep deformation of BMAS glass-ceramic composites 

ome aspects of this work have involved collaboration with colleagues at the University of California. Irvine, 
nd at the United Technologies Research Center, East Hartford, CT. ..,,.,  

{. Significant Results ™ =——*»«« 

leactive synthesis of plasma-sprayed MoSi2-SiC composites 

Molybdenum disilicide composites have been considered as potentialhigh-temperature structural 
materials because of the combination of oxidation resistance and fracture toughness. One of the chief 
problems facing the development of these materials has been the existence of intergranular glassy films, 
which degrade the high-temperature properties. Reactive plasma spraying is a novel synthesis technique 
through which it may be possible to minimize the intergranular glassy films in these materials and achieve 
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higher volume fractions of SiC than are possible through more conventional processing routes, such as hot- 
pressing powder blends. In this process, the reinforcing phase is formed during synthesis by a reaction 
between a reactive gas (CH») and the molten droplets in the plasma. Of particular interest during the past 
year has been the issue of phase distribution within the microstructure. TEM methods employed to 
investigate this issue revealed a complex microstructure consisting of alternating layers of MoSi2 and a two- 
phase mixture of Mo3Si3 and Mo5Si3C, as well as SiC inclusions situated at grain boundaries and prior 
droplet boundaries. The inclusions, which comprised 8% by volume, were effective in enhancing the fracture 
toughness (70-100%) and the resistance to creep deformation. The measured values of fracture toughness 
were superior to those typically reported for similar composites processed by P/M, XD, or self-propagating 
high-temperature synthesis. However, the mechanisms responsible for the enhanced toughness are presently 
unclear and require further investigation. Interestingly,, it appears that the SiC volume fractions obtained by 
reactive spray deposition are higher than those typically obtained by co-injection spray deposition. Higher 
volume fractions are believed to be possible by modifications to the process parameters. 

Reactive atomization and deposition of intermetallic composites ofNijAl 

Reactive atomization and deposition (RAD) is a modified plasma spray deposition technique that is 
being developed to synthesize dispersion-strengthened materials (composites). Atomization, in-situ reaction, 
and consolidation are combined into a single step by spray atomization and deposition with a reactive gas. 
The efforts of the past year have focused on synthesizing a Ni3Al+Y+B alloy using a N2-02 atomization gas 
and characterizing the resulting phase distribution to demonstrate the feasibility of this processing route. 
TEM observations revealed dispersoid phases of Y2O3, AI3O3, and Y3AI5OI2, as anticipated. The oxide 
dispersoids effectively pinned dislocations and grain boundaries that were apparently mobile during the 
deposition process because of the high-energy impact and semi-solid state of the droplets. Long-term 
annealing had little effect on the microstructure, an indication of the high thermal stability of the 
microstructure and resistance to grain growth derived from the dispersoids. The matrix was characterized by 
an unusual y-y' mosaic structure. The plate-like morphologies of the y' phase may be beneficial to 
mechanical properties, including toughness, strength, and creep resistance. The important implications of the 
study are that the RAD processing method can be used effectively to synthesize oxide dispersion 
strengthened materials, and the spray deposition route is a cost-effective and versatile method of producing 
components in a variety of shapes. 

Mechanical alloying of nanocrystalline alloys 

Novel material properties can be obtained when the grain size approaches nanometer scale. A 
common way of achieving such structures is to rapidly solidify a molten metal (e.g. by melt spinning) to form 
a metallic glass, then ball mill the met-glass to form a nanocrystalline structure. A study was undertaken to 
develop an understanding of the mechanisms involved in the high-energy ball-milling process. An iron- 
boron-silicon Metglas alloy was cryogenically ball-milled, and the resulting powders were examined by TEM 
and characterized by thermal analysis. The TEM observations clearly showed nanocrystallites ~2nm in 
diameter of both a-Fe(Si) and Fe2B in the cryomilled powders. During the early stages of ball-milling, the 
ribbon strips are bent by contact with the balls, causing localized deformation and shear bands. Subsequent 
sliding contacts together with impact events cause deformation and localized heating, leading to exolution of 
boron atoms from the iron lattice. (The equilibrium solubility of boron in iron is negligible.) Nanocrystals of 
Fe(Si) nucleate first, followed by Fe2B crystallites. The kinetics for crystallization accelerate during the 
initial stages, then saturate as the volume of non-crystalline material diminishes. This results in a 
characteristic sigmoidal transformation curve, described by a Johnson-Mehl-Avrami relation. Future 
experiments will be undertaken to explore the effects of alloy additions, the atomic-scale mechanisms of 
crystal nucleation, and to fabricate nano-composites with novel properties. 
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Tensile creep deformation ofBMAS glass-ceramic composites 

The tensile properties of a glass-ceramic composite were investigated to determine the effectiveness 
of interface coatings designed to inhibit thermal oxidation, diffusion, and reaction and to enhance room- 
temperature toughness. A dual coating of SiC/BN was applied to the SiC fibers (CG Nicalon) by CVD prior 
to compositing. These materials have potential applications in turbine engine components. One of the 
critical challenges is to design an interface that is stable in oxidizing environments at high temperatures and 
also has the debond characteristics required for enhanced fracture toughness. In our recent work, the material 
retained tensile strength and modulus up to 1200°C, and during long-term creep experiments, the creep rates 
were negligible at 1100°C in air. However, creep at higher temperatures resulted in rapid failure and high 
creep rates. Fatigue experiments were conducted at high temperatures using stress levels just above the 
proportional limit stress. The material survived 105 cycles at 1200°C, although evidence of fiber degradation 
was observed microscopically. TEM observations of deformed samples showed that under most cases, the 
interface was stable, and even under severe conditions which produced damage, the damage occurred first in 
the fibers. Details of the reaction and chemical mechanisms are currently being studied. 

C. Plans for next year 

In the next phase of our research, we propose to continue work on several outstanding problems in 
this general area, as well as to pursue work on two new composite materials. Specifically, research is 
proposed on the following topics: 

• interface damage during tensile creep of CMCs 

• environmental effects on creep and fatigue behavior of CMCs 

• long-term properties of Ti-SiC fiber composites 

• oxidation-resistant interface designs for high-temperature CMCs 

• melt-infiltration synthesis methods for Al-based MMCs 

To assist in meeting these goals, acquisition of a new mechanical testing system is planned. This equipment, 
to be purchased with funds from an NSF award, will feature a controlled atmosphere chamber and high- 
temperature furnace, as well as a high-temperature strain gage, an oxygen gettering furnace, and an oxygen 
sensing system. The proposal has recently been funded, and plans are currently being made to purchase the 
equipment and locate it in newly renovated laboratory space. 

cc:        S. Fishman, ONR Scientific Officer 
C. Cometta, Engineering Executive Officer 
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