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Disruptive “Game Changing”Manufacturing Science and TechnologySandia

DEVELOP ALTERNATIVES FOR LEAD~BASED
ELECTROCERAMICCOMPOSITIONS

o Sensors, Actuators, Explosively Driven Power Supply, efc..........
o'Workhorse’-PhTi03-PbZr03(i.e. PZT-system)

—PerovskiteCrystal Structure

—MorphotropicPhase Boundary

—High activity of lead cation

—Conventional Processing Methods

—60% Lead Containing Family of Ceramics

-
Growing health concerns and environmental regulations R
eAlternatives have never been fully realized
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{Red. ¥. Sana, ol Al “Lesd-freo piezocenarecs,” Nature 432 B4-85 (2004])

MICROSTRUCTURE ENGINEERING OF ELECTROCERAMIC MATERIALS

* Target —Develop an advanced, low cost manufacturing process for a non-lead based
microstructurallyengineered ferroelectric ceramic material
— Microstructuralengineering through texture modifications
® Template induced texturing process for a bulk ceramic

® Fabrication of a “Functional"Material via a Novel Process
— Synthesis of templatedseed crystals
© Morphologically Controlled Templates
o Preferably oriented polycrystals
o Fused Salt Synthesis Technique
— Texture Engineering-Mutual Orientation of the Crystallographic lattices of the individual grains.
o “Reactive"TemplatedGrain Growth

o Deck of Cards
—Preferential Grain Orientation {001}

© House of Cards
—Random Grain Orientation

TEXTURE INDUCED FORMING PROCESS AND METHODS

Texture development — Highly localized

shear Cgsling Blada
» Induced Shear Stresses result in particle Cast Tape
alignment
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TEMPLATE SEED CRYSTALS
Bi,Ti,O,; (BTO) Seed crystals

express a platelet like
morphology

5r,, Ba, Nb,O; — Seed crystals
express a fiber/whisker like
morphology

ENHANCED DIELECTRIC PROPERTIES
INDUCED BY TEXTURED MICROSTRUCTURE

Weak-Field Dielectric Properties — BTO System
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R&D SIGNIFICANCE TO SANDIAAND THE NATION

® Success would transform the lab into one of the nationally and internationally recognized forerunners in
the fabrication of texture engineered ceramic materials and simultaneously overcome the dependence on
lead-based ferroelectric compositions
© Emerging needs rely heavily on maintaining the momentum to develop low cost advanced
manufacturing processes
— intermingled in a novel process that produces a functional material that meets the needs.
© Enhancing materials properties from lead-free electroceramiccompositions
— Approach single-crystal like benefits from low-cost, widely ufilized manufacturing capabilities
o Eliminating the environment and toxicity issues surrounding leaded compositions.
o Enhance the ability to provide improved capabilities for;
— pulsed power generation
— advanced sensing technology for homeland security endeavors
— superior sonar materials for Navy systems
— novel ‘smart'materials
— higher resolution ultrasounds for medical diagnostics
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