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Le	tecnologie	di	iner1zzazione	come	
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LacGc	acid	or	dark	fermentaGon	

DissoluGon	by	acid	

+	
Thermal	treatment	
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Thermal	treatment	
is	the	most	common	asbestos	destrucGon	

Sources:  
plasma, microwave, resistive heating	



Asbestos	remedia1on	through	
thermal	decomposi1on	
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The	preference	for	recycling	over	landfill	disposal	is	well	indicated	in	the	European	
Resolu1on	EU-P7_TA,	2013;	Direc1ve2008/98/EC.	

Asbestos	destrucGon	via	chemical-physical	transformaGon	(mostly	temperature-induced	
recrystallizaGon,	sintering	or	melGng)	and	recycling	of	the	transformaGon	product	as	
secondary	raw	material	is	actually	the	only	viable	alterna1ve	to	landfill	disposal.	
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Generalized	asbestos	thermal	behavior		

DifferenGal	Scanning	Calorimetry	(DSC)	measures	the	heat	flow	Into	and	out	of	a	sample	as	a	funcGon	of	temperature,	while	
the	sample	is	subjected	a	controlled	temperature	program..	
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I)	Endothermic	peak	caused	
by	a	breakdown	or	fusion		

II	

II)	Exothermic	peak		
caused	by	a	crystallizaGon	



Comparison	of	the	thermal	behavior	of	chrysoGle	from:		
Val	Malenco,	Balangero,	Canada		

	
	

	>	1000	°C	

2MgSiO3	+	2Mg2SiO4	
EnstaGte			+		Forsterite	

Exo	peak	forsterite	(Mg2SiO4)	
crystallizaGon	

	2Mg3Si2O7								3Mg2SiO4	+	SiO2	

Endo	peak	chrysoGle	breakdown	(weight	loss	12	%)	
	 Mg3Si2O5(OH)4								Mg3Si2O7	+	2H2O																							

ChrysoBle	the	most	used		
asbestos	type.		



ChrysoGle	pseudomorphosis	
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ChrysoGle	before	thermal	analysis	

ChrysoGle	from	Canada	

ChrysoGle	from	Balangero		

ChrysoGle	from	V.	Malenco	

Aber	thermal	analysis	1000	°C:	pseudo-morphic	forsterite	



Thermal	analysis	of	tremolite	asbestos	from	Val	d’Ala	(Italy)	

9	breakdown	of	tremolite	(weight	loss	2	
%)	

Exo	peak	at	1077	°C:	
crystallizaGon	of	

diopside	CaMgSi2O6	

Tremolite	idealized	chemical	formula	
Ca2Mg5Si8O22(OH)2	



SEM	images	of	tremolite	asbestos:	a)	before	heaGng	treatment;.		

Tremolite	asbestos	from	Val	d’Ala	(Italy)	

Tremolite before thermal treatment


b)	aber	thermal	treatment	(diopside).	

a"er thermal treatment at 1100°C


pseudo-morphic	diopside	



11	

Tremolite	aber	
thermal	analysis	1100	°C	

complete	pseudo-morphic	recrystallizaGon	

Diopside		
	

Newly	formed	polyhedral	
crystals	on	the	surface	of	the	
prisGne	tremolite	asbestos	
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Asbestos	 T	remedia1on	 Phase	aSer	thermal	treatment	
up	to	1100	°C	

Tremolite	 1050	°C	 Diopside	

Ac1nolite	 	1035	-1050	°C	 Augite	

Anthophyllite	 860	-	1100	°C	 Ensta1te>>	cristobalite	

Amosite	 878	°C	
Ferrosilite>>hema1te>	

cristobalite	
	

Crocidolite	 850	°C	
Aegirine>>	hema1te>		

cristobalite		
	

Chryso1le,	Italy	 660	°C	 Forsterite>	ensta1te	

Chryso1le,	Italy	 652	°C	 Forsterite>	ensta1te	
	

Chryso1le	Canada	 633	°C	 Forsterite>	ensta1te	
	

Amphiboles	
Asbestos	

Phyllosilicate	
	ChrysoGle	



Asbestos	cement	the	most	used	Asbestos	Containing	Products	(ACP)	

KRY.	AS	

PlasGcs,	Gles,	bricks,	cement,	concrete,	glass,	ecc	



Treatments	to	reduce	the	temperature/energy	of	asbestos	iner1za1on	

Asbestos	+	Fluxs		

Aber	Bloise	et	al.,	2018.		



Summarize	

	
Tremolite	

Anthophyllite	
AcGnolite	
Amosite	

Crocidolite	

Amphiboles	asbestos	

Aber	thermal		
treatment		
to	1100	°C		

Phyllosilicate ChrysoGle	asbestos	

Aber	thermal		
treatment		
>	1000	°C		

												Forsterite											+								EnstaGte	

+	

Diopside	
EnstaGte	
Augite	

Ferrosilite	
Eegirine	

Pyrossene		
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Thank	you		
for	your	aZen1on	


