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Lead-free	ferroelectric	(FE)	materials	are	currently	of	great	interest	for	replacing	ubiquitous	Lead	
Zirconate	Titanate	(PZT)	in	electromechanical	applications,	with	maximal	dielectric	and	piezoelectric	
properties	observed	near	the	Morphotropic	Phase	Boundary	(MPB)	region.	However,	existing	
theoretical	descriptions	cannot	describe	the	MPB	directly	or	shed	light	on	the	structural	state	near	
this	region,	while	other	models	combine	the	response	of	the	adjoining	FE	phases	in	a	contrived	way.	
In	this	project,	a	novel	phase-field	model	is	proposed	for	MPB	FEs.	The	approach	integrates	the	
thermodynamics	of	each	FE	phase	independently.	The	formulation	accounts	for	coupling	to	different	
fields,	such	as	electrostatic	or	electromechanical	coupling,	and	it	can	be	extended	to	model	
polycrystalline	FEs	in	3-D,	allowing	study	of	the	structural	state	and	origin	of	the	enhanced	properties	
near	the	MPB	of	lead-free	FEs.	

						 	
Figure	1.	(left)	Phase	diagram,	phase-stability	analysis	and	1-D	domain	configuration	of	BZT-BCT	
showing	coexistence	of	tetragonal	and	rhombohedral	FE	phases	near	MPB,	and	(right)	formation	of	
FE	domains	in	2-D	of	a	single-crystal	material	with	tetragonal	symmetry,	with	polarization	vector	
superimposed	on	free	energy	distribution.	
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