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5.7.1	Structural	Relaxation

RELAXATION BEHAVIOR Structural relaxation = stabilization

On	annealing,	the	as‐synthesized	glass	slowly	transforms	toward	an	“ideal”	glass	of		lower	
energy	through	structural	relaxation.	=		annihilation	of	“defects”or free	volume,	or	
recombination	of	the	defects	of	opposing	character,	or	by	changes	in	both	topological	and	
compositional	SRO	

5.7.	Annealing	of	Bulk	Metallic	Glasses:	SR	→	SCLR	(&	PS)	→	Crystallization



5.7.1	Structural	Relaxation

CSRO: Chemical short‐range order TSRO: Topological short‐range order

(a)	Low	temp.	regimes	(sub‐sub‐Tg,	i.e.,	Tg‐200K	<Ta<Tg‐100K)

(b)	High	temp.	regimes	(sub‐Tg,	i.e.,	Ta	≥	Tg‐100K)

*	Relaxation	process

*	Structural	relaxation	in	metallic	glasses	by	a	low	temperature	annealing	process

→	does	not	cause	crystallization	but	significant	changes	in	physical	properties	

* Relaxed glass : decreased specific heat, reduced diffusivity, reduced magnetic
anisotropy, increased elastic constants (by about 7%), significantly increased viscosity
(by more than 5 orders of magnitude) and loss of (bend) ductility in some glasses,
in addition to changes in elastic resistivity (by about 2 %), Curie temperature
(by as much as 40 K), enthalpy (by about 200‐300 cal/mol), superconductivity,
and several other structure‐sensitive properties.
& Density changes: a small increase in density (about 0.5% for melt‐spun ribbons and
a smaller value of about 0.1%‐0.15% for BMG alloys)

Exception: Pd‐Si, Fe‐B and Zr‐Cu : undergo structural relaxation just above RT



5.7.1	Structural	Relaxation

*	Density	changes:	a	small	increase	in	density	(about	0.5%	for	melt‐spun	ribbons	
and	a	smaller	value	of	about	0.1%‐0.15%	for	BMG	alloys)
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*	Measurement	of	structural	relaxation	in	metallic	glasses:

‐ Electrical	resistivity	measurements	(CSRO	<	TSRO)	and	DSC	(most	popular	technique)

‐ Mossbauer	spectroscopy	(determine	the	atomic	environments)

‐ Hardness	measurement	(increased)

‐ Diffraction	techniques	(X‐ray,	neutron,	

and	electron	scattering	methods)

(sharpening	of	the	PDF	peaks,	without	

shifting	their	position)
→	The	ϐirst	stage	of	relaxation	was	suggested	to	
be	related	to	the	elimination	of	short	and	long	
inter‐atomic	distances	and	the	second	stage	
to	the	local	chemical	reordering	in	the	glassy	
phase	(phase	separation	and	nano‐
crystallization	after	annealing	at	higher	temp.	

→	dependent	on	thermal	history,	excess	endothermic	peak	(recoverable),		
exothermic	broad	peak	(irrecoverable)
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* Electrical resistivity measurement during bending fatigue test



With increasing Ta, the maximum in 
ΔCp,endo for the two alloys initially 
increases gradually, followed by a rapid 
increase at temperatures just below Tg, 
and then a rapid decrease above Tg.



*	Assuming	that	the	change	in	enthalpy	is	entirely	due	to	structural	changes	in	the
glassy	state	and	that	the	average	free	volume	per	atom	(=Vf/Vm,	where	Vf is	the	free					
volume	and	Vm is	the	atomic	volume)	is	proportional	to	the	change	in	enthalpy:

→ The	mechanical	properties	of	metallic	glasses	(including	the	BMGs)	are	affected	by	
the	magnitude	of	free	volume	present	in	them.	Hence,	it	becomes	important	to	be	
able	to	quantitatively	determine	the	free	volume	present	in	the	glass	to	relate	the	
magnitude	of	free	volume	to	the	changes	in	mechanical	properties.



Strong:	small	deviation	of	activation	E					
between	α relaxation and β relaxation

Fragile:	large	deviation	of	activation	E					
between	α relaxation and β relaxation

Schematic representation of the 
energy landscapes of strong and 
fragile substances.





Temperature	dependence	of	relaxation	time
:	α relaxation	(VFT)	&	 β relaxation	(Arrhenius)
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