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ZrB2/SiC	 MAX	phases	

Highly	dense	composites	containing	up	to	7.6	vol.%	of	mul9-
walled	carbon	nanotubes.	No	degrada9on	of	the	CNT	was	
confirmed	by	Raman	spectroscopy.	

BeDer	packing	and	densifica9on	for	 low	amounts	of	CNTs;	 for	
larger	 amounts,	 con9nuum	mechanical	 model	 of	 constrained	
sintering	(rigid	elongated	inclusions).	Flexibility	of	CNT	reduced	
the	stress,	decreasing	the	effec9ve	aspect	ra9o	from	20	to	12.	
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Field-Assisted	Sintering	Technology/Spark	Plasma	Sintering	(FAST/SPS)	enables	to	fully	densify	Ceramic	Matrix	Composites	(CMCs)	due	to	the	combina_on	of	high	pressure	and	short	sintering	
cycle	and	exposure	_me	to	high	temperature,	avoiding	reac_on	and/or	transforma_on	into	new	phases.	Analysis	of	the	sintering	behaviour	of	fully	yaria-stabilized	zirconia	mixed	with	different	
contents	of	carbon	nanotubes	(8YSZ/CNT),	surface	treatment	and	oxida_on	tests	on	FAST/SPSed	zirconium	diboride	containing	 	20	vol.%	of	silicon	carbide	par_cles	(ZrB2/SiC)	and	processing	of	
new	and	advanced	materials	based	on	MAX	phases	were	inves_gated.	

Micro-cavi9es	on	the	surface	of	
dense	ZrB2/SiC	(ρ	=	99.3	%)	
were	machined	by	ultra-fast	
laser	abla9on	with	an	op9mized	
paDern	of	10	µm	diameter	and	
depth.	Filling	of	cavi9es	with	
Gd2O3	nanopowder.				

Oxida_on:	1600	°C	for	1	h	in	sta_c	air	

Untreated ZrB2/SiC Treated ZrB2/SiC 

Gadolinium	was	incorporated	during	the	thermal	process	into	
the	borosilicate	glass,	entailing	glasses	of	higher	viscosi9es	
with	lower	oxygen	diffusivi9es.	The	thickness	of	the	protec9ve	
liquid	layer	was	reduced	by	60	%.	
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Synthesis	 and	 FAST/SPS	 sintering	 of	 Ti3SiC2	 or	 Cr2AlC	 were	
carried	out	in	two	different	steps:		

Synthesized powder FAST/SPS densification 

Or	simultaneously	in	one	step	by	FAST/SPS	(reac9ve	sintering):	

Fast	 hea9ng	 rate	 and	 short	 dwell	 9me	 limited	 the	 reac9on	
kine9cs	to	form	the	pure	MAX	phases.	
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