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SUMMARY		

THERMOMECHANICAL	EFFECTS	FOR	DIFFERENT	IFE	REACTOR	ASSUMPTIONS:	
DEFINING	FW	THICKNESS	

GRAIN	BOUNDARIES	EFFECTS	IN	H	BEHAVIOUR:	COMPUTATION	AND	
EXPERIMENTS	

EFFECTS	OF	PLASMONIC	NANOPARTICLES	IN	OPTICS	BEHAVIOUR			



24/10/18	 IAEA	FEC	2018,	Ahmedabad	(India),	J.M.	Perlado	et	al.,	InsEtuto	Fusión	Nuclear	/	UPM,	IFE/1-4	



24/10/18	 IAEA	FEC	2018,	Ahmedabad	(India),	J.M.	Perlado	et	al.,	InsEtuto	Fusión	Nuclear	/	UPM,	IFE/1-4	

Working	parameters	for	HiPER		
different	schemes	of	implementa9on		
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DeposiEon	of	Energy	in	FW	from	Target	in	Direct	Drive	DEMO	HiPER	

10	%	of	
Energy	is	
deposited	
within	
depths	up	
to	100	μm	
by	the	most	
energeEc	
ions	
(>	1	MeV).		

more	details	in	Garoz	et	al,	Nuclear	Fusion	
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Reactor	
	“start-up”	
Emes:		

lower	than	~6	s	
for	Prototype	
	(1	Hz,	50	MJ)		

and	

	~60	s	for	Demo	
(10	Hz,	154	MJ)		

Two	
situaEons:	

“start	up”	

and		

Steady	state	

Steady	state	 Start-up	

ODS-RAFM	(925	K)		
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Temperature	evoluEon	during	a	
pulse	once	the	steady	state	
regime	is	reached	for	HiPER	

both	in	Proto	and	Demo	results	.		
3400	K	

Just	ajer	1	shot	
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pulse	=	during	pulse	

base	=	when	the	
material	recover	the	
base	temperature	

Pulse	heaEng	
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Monocrystaline	in	
simulaEons	NO	GB.	
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GBs	dramaEcally	affect	 the	vacancy	concentraEon,	being	much	higher	 for	samples	with	a	
large	GB	density	than	for	those	without	GBs.	The	key	reason	is	that	most	of	the	vacancies	
annihilate	 with	 SIAs	 in	 absence	 of	 GBs,	 whereas	 in	 NW,	 at	 this	 temperature	 in	 which	
vacancies	are	immobile,	a	larger	fracEon	of	vacancies	survives	ajer	the	irradiaEon	due	to	
the	efficient	role	of	GBs	as	sinks	for	SIAs.		
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Differences	
because	of	
procedure	in	MW	
no	GB	at	all	

No	GB	=	Diffusion	H,	at	
400nm	vacancies	
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(a)	Differences	are	observed	when	comparing	results	for	the	CGW	to	those	for	the	
MW	samples.	The	reason	is	that	the	simulaEons	(MW)	do	not	consider	GBs	at	all,	
whereas	some	GBs	exist	in	the	CGW	sample.	

(b)	For	NW-H,	results	clearly	indicates	H	diffusion	along	the	depth	direcEon.	

(	c)	For	the	MW-Co-CH,	the	main	H	retenEon	peak	locates	at	~400	nm.	This	result	
indicates	that	in	the	absence	of	GBs,	H	atoms	diffuse	along	the	irradiaEon	direcEon,	
and	in	their	migraEon	to	the	surface,	H	atoms	reach	a	region	highly	populated	by	
vacancies	at	~400	nm,	where	they	get	trapped,	explaining	the	differences	in	the	H	
profile	between	150	and	540	nm.		

(d)	For	NW-Co-CH,	there	is	good	agreement	between	measured	and	simulated	H	
profile.	In	addiEon,	the	total	H	retenEon	is	almost	the	same	in	the	simulaEons	as	in	
the	experiments	and	diffusion	is	observed.	
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(f)	The	measured	and	simulated	H	profiles	agree	quite	well	for	the	NW-Seq-CH.	Both	
profiles	show	H	retenEon	peak	at	~650	nm.	Moreover,	the	total	measured	and	
simulated	retained	fracEons	are	quite	similar.		

When	SequenEal	C-H,	we	observe	that	the	enhancement	for	the	NW	is	lower	than	
that	for	the	MW	samples.	This	supports	the	idea	of	the	GBs	acEng	as	diffusion	paths	
for	H.	The	presence	of	a	higher	GB	density	in	NW	leads	to	a	higher	probability	of	H	
release	along	GBs,	being	less	affected	by	the	presence	of	the	higher	vacancy	
concentraEons	induced	by	C	irradiaEon.	

When	comparing	the	data	for	the	MW-Co-CH	and	for	the	MW-Seq-CH,	we	observe	a	
clear	influence	of	the	irradiaEon	procedure	itself	on	the	H	retenEon,	even	though	the	
concentraEon	of	vacancies	is	similar	in	both	cases.												
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H	atoms	are	mainly	trapped	in	vacancies	located	in	the	interior	of	the	grains.	The	
next	quesEon	is	to	esEmate	the	type	and	size	of	clusters	where	H	atoms	are	
trapped.	Study	is	on	going	experimentally	(M.	Panizo	et	al.,	to	be	published)	

According	to	our	simulaEons,	since	vacancies	are	immobile	at		RT,	more	than	90%	
of	H	atoms	are	retained	in	monovacancies	with	different	H	content.	Moreover,	DFT	
data	show	that	that	the	maximum	number	of	H	atoms	that	can	be	accommodated	
inside	the	monovacancy	is	10.	From	these	data	we	can	conclude	that	self-healing	in	
W	would	happen	at	temperatures	in	which	the	mobility	of	vacancies	is	acEvated.	

This	remark,	together	with	the	fact	that	GBs	favors	H	release,	
indicate	that	nanostructured	W	may	be	a	candidate	for	PFM	
applicaEons,	as	it	has	a	higher	radiaEon	resistance	than	the	
tradiEonally	CGW		
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The	irradiaEon	of	gold	nanorod	colloids	with	a	femtosecond	laser	can	be	tuned	to	
induce	controlled	nanorod	reshaping,	yielding	colloids	with	excepEonally	narrow	
localized	surface	plasmon	resonance	bands.	
Highly	concentrated	silver	colloidal	nanoparEcle	soluEons	were	produced	thanks	to	
fs	laser	ablaEon	and	it	was	demonstrated	that	such	embedded	plasmonic	
nanoparEcles	may	be	viable	candidates	to	reduce	damages	produced	on	opEcs	by	
swij	heavy	ions	due	to	the	change	of	their	shape	under	irradiaEon		

G.	Gonzalez-Rubio,	O.	Peña-Rodriguez	et	al.,		
Femtosecond	laser	reshaping	yields	gold	
nanorods	with	ultranarrow	surface	plasmon	
resonantes,	Science	358,	640,	2017		

Plasmonic		NanoparEcles	
and	OpEcs	

O.	Peña-Rodríguez,	et	al.,	Understanding	the	
ion-induced	elongaEon	of	silver	nanoparEcles	
embedded	in	silica,	Nature	ScienEfic	Reports,	
7:	922,	2017		
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