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Case	studies	
	
• 	ba9eries	

• 	CO2	capture	by	Chemical-Looping	Combus'on	(CLC)	

• 	electrode-electrolyte	interdiffusion	processes	
	
• 	operando	inves'ga'on	of	Fuel	Cell	
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discharge (→ ) and charge (← ) reactions

LixC ←
→ C + xLi+ + xe− (anode)

Li1−xCoO2 + xLi
+ + xe−

←
→ LiCoO2 (cathode) 5	



Pros	of	sodium	vs.	lithium	
-  Lower	price	
-  Great	earth	abundance	

Cons:	
- 		larger	mass	
-  			Larger	radius	(Na+	1.2Å	vs	Li+	0.7	Å)	

-  Less	nega've	(-2.7	vs.	-3.04V)	std	red	poten'al	

->	lower	ion	mobility		

->	lower	energy	density	

6	



It	is	believed	that	lithium	deintercala'on	proceeds	through	a	“solid	solu'on	mechanism”:		
	
-  Con'nuous	varia'on	of	la_ce	parameters	in	dependence	on	Na+	concentra'on	

-  Same	S.G:	P4	2/m	n	m	(tetragonal)	
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from Na3V2 (PO4 )2F3 (N3VPF) to Na2V2 (PO4 )2F3 (N2VPF)
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from Na2V2 (PO4 )2F3 (N2VPF) to NaV2 (PO4 )2F3 (NVPF)
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Case	studies	
	
• 	 	baaeries	

•  CO2	capture	by	Chemical-Looping	Combus.on	(CLC)	
	
• 		 	electrode-electrolyte	interdiffusion	processes	
	
• 					operando	Inves'ga'on	of	Fuel	Cell	
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	(2n	+	m)MyOx	+	CnH2m	→	
	(2n	+	m)MyOx−1	+	mH2O	+	nCO2	

MyOx−1	+	½	O2(air)	→		
MyOx	+	(air	:	N2	+	unreacted	O2)	
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Control	of	the	oxygen	storage	capacity:	
	
	
	
Full	oxida'on:	Chemical-looping	combus'on	(CLC)	
	
(2n	+	m)MyOx	+	CnH2m	→	(2n	+	m)MyOx−1	+	mH2O	+	nCO2	
	
	
Par'al	oxida'on:	Chemical-looping	reforming	(CLR)	
	
CH4+MyOx→CO+2H2+MyOx-1	
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Pm-3m	perovskite	 25	



Icmm	-	brownmillerite	
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NPD	data	 27	
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SrFeO3-δ	(x=1)	structural	evolu'on	@700°C,	2	CH4/air	cycles	
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LaFeO3	(x=0)	does	not	release	any	oxygen	

(large	energy	forma'on	for	an	oxygen	vacancy,	about	4-5	eV)	
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Case	studies	
	
• 	 	baaeries	

•  	CO2	capture	by	Chemical-Looping	Combus'on	(CLC)	
	
•  	electrode-electrolyte	interdiffusion	processes	
	
•  operando	inves'ga'on	of	Fuel	Cell	
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Anode	reac'on	
2H2	->	4H++4	e-	

Cathode	reac'on	
O2	+4	e-->	2	O2-	

Overall	reac'on	
O2+2H2	->2H2O	
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F.	Giannici	et	al.	Chem.	Mater.	2015,	27,	2763	 38	



-40 -20 0 20 40
Distance (µm)

0

0.2

0.4

0.6

0.8

S
to

ic
hi

om
et

ry
 (a

rb
. u

.)

Ce

Sm

Fe

La

Sr

LSCF-SDC_12h	at	the	Fe	K-edge.	Lem:	heatmap	of	the	total	fluorescence	intensity;	
right:	concentra'on	profiles	of	cerium	(black),	lanthanum	(red),	stron'um	(blue),	
samarium	(orange)	and	iron	(green)		
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Sm	deple'on	begins	@2	µm	before	interface	
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LSCF-SDC_72h	at	the	Fe	K-edge.	Lem:	heatmap	of	the	total	fluorescence	intensity;	
right:	concentra'on	profiles	of	cerium	(black),	lanthanum	(red),	stron'um	(blue),	
samarium	(orange)	and	iron	(green)		
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LSCF-SDC_72h	at	the	Fe	K-edge.	Clockwise	from	top	lem:	
	heatmap	of	the	total	fluorescence	intensity	and	concentra'on	maps	of	cerium	(green),	
	samarium	(blue),	iron	(red),	stron'um	(cyan)	and	lanthanum	(pink)		

F.	Giannici	et	al.,	under	review	

islands		
SmFeO3	
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La0.6Sr0.4Co0.2Fe0.8O3	/	Ce0.8Sm0.2O2	
		

Co	K-edge	
microXANES	
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Mappe	di	speciazione	chimica	

E	=	7719	eV	

E	=	7725	eV	La0.6Sr0.4Co0.2Fe0.8O3	

Ce0.8Sm0.2O2	

Sm(Fe3+,Co3+)O3	

Co(3+x)+	

10	μm	
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LSFCu-SDC_72h	at	the	Ce	L3-edge.	Lem:	heatmap	of	the	total	fluorescence	intensity;	
	right:	concentra'on	profiles	of	cerium	(black),	lanthanum	(red)	and	stron'um	(blue)		

the	specular	behaviour	of	Ce	and	La	are	par'cularly	evident	in	this	map	taken	at	the	Ce	L3	edge	
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LSFCu-SDC_72h	at	the	Fe	K-edge.	Lem:	
heatmap	of	the	total	fluorescence	intensity;	
right:	concentra'on	profiles	of	cerium	(black),	
lanthanum	(red),	stron'um	(blue),	samarium	
(orange)	and	iron	(green)		
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diffusion	of	La		
and	corresponding	deple'on	of	Sm	and	Ce	



LSFCu-SDC_72h	at	the	Fe	K-edge.	Clockwise	from	top	lem:	heatmap	of	the	total	
fluorescence	intensity	and	concentra'on	maps	of	cerium	(green),	samarium	
(blue),	iron	(red),	stron'um	(cyan)	and	lanthanum	(pink)		

Sm	diffusion	to	LSFCu	
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LSFCu-SDC_72h	at	the	Ce	L3-edge.	Lem:	concentra'on	map	of	cerium	(blue);		
right:	Ce	L3-edge	microXANES	spectra	measured	at	different	points	shown	in	the	lem	panel		
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Ce	4+:	double	peak	at	5730	and	5737;	Ce	3+:	single	peak	at	5726	
Ce	diffuse	and	subs'tute	La	in	LSFCu		



7100 7110 7120 7130 7140 7150 7160
Energy (eV)

N
or

m
al

iz
ed

 in
te

ns
ity

 (a
rb

. u
.)

1
2
3
4
5
6

LSFCu-SDC_72h	at	the	Fe	K-edge.	Lem:	concentra'on	map	of	iron	
(blue);	right:	Fe	K-edge	microXANES	spectra	measured	at	different	
points	shown	in	the	lem	panel		
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iron	does	not	change	chemical	state	and	coordina'on	environment	



Case	studies	
	
• 	 	baaeries	

•  	CO2	capture	by	Chemical-Looping	Combus'on	(CLC)	
	
•  	electrode-electrolyte	interdiffusion	processes	
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Escamicroscopy - SPEM layout 

•  Linearly Polarised Undulator  

•  Photon energy range: 350 – 1200 eV 

•  SGM monochromator equipped with 2  

   gratings for low and high photon  

   energy 

Milestones 

•  1995:first user 

•  2000-2004: new micros/prep chambers 
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