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ü Iron (hydr)oxide: FERRIHYDRITE 
ü Copper hydroxynitrate 
ü Zinc hydroxide 

Composites 
ü With  graphite oxide (GO)  
ü With aminated GO (GOU) 
ü With  AgNP 



 
þ  Relatively high surface areas 
þ  Oxygen  vacancies as active sites 
þ  Photoactive in UV-Vis 
þ  Terminal   OH groups 
þ  GO  
þ enhances dispersion of inorganic phase 
þ provides electronic conductivity for redox reactions 
þ  (GOU) activates oxygen 

þ increases surface heterogeneity/defects 
 



Surrogates: 
  CEES-  2-chloroethyl ethyl sulfide  (HD) 

 
  DMCP- dimethyl chlorophosphate  (nerve agents)X)  

 

or	modified	fabric	



	

ü  Analysis	of	the	surface	of		ini5al		hydroxides	and	their	composites	
(porosity,	chemistry,	microstructure,	texture)(N2,	PT,	FTIR,	SEM,	
HRTEM..)	

ü  Analysis	of	the	surface	of	the	exhausted	samples	(FTIR,	TA-MS)	

ü  Analysis	of	the	surface	extrac5on	products	(GC	

ü  -MS)	

ü  Analysis	of	the		headspace	in	the	close	system	(GC-MS)	

ü  Mechanism	of	composite	forma5on	

ü  Mechanism	of	reac5ve	adsorp5on	
	



Terminal	OH	

Arcibar	Orozco	et	al.	J.	Mater.Chem.	A	
2015,	3,	17080-17090.		



Arcibar-Orozco,	et	al.	J.	Mater.	Chem.	A	3,	2015,	220-231		
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ü  H3PO4	detec5on	in		the		liquid	
ü  NO2	detec5on	in	the	headspace		
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Arcibar-Orozco,	J.	Advanced	Materials	Interfaces,			2015,	2,		1-9		
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HYDROLYSIS	and	OXIDATION	
o  GO	considerably	accelerates	the	DMCP	decomposi5on	
o  Hydroxyl	groups:	direct	interac5ons	with	DMCP	
o  Nitrate	groups:	NOx	forma5on	

HYDROLYSIS	and	OXIDATION	
o  Both	hydrolysis	(EVS)	and	oxida5on	(CEESO)	take	place	
o  GO:	increase	the	oxida5on	performance	
o  AgNPs:	increase	photo-reac5vity/radical	reac5on	(disulfides)	

HYDROLYSIS	and	DEGRADATION	
o  The	hydroxyl	groups	play	a	key	role	
o  GO:	increase	the	photocataly5c	performance	
o  AgNPs:	increased	photo-reac5vity/radical	reac5on	(disulfides)	

Giannakoudakis,	D.A.	et	al.	Appl.	Catal.	B	Environ.	2016,	183,	37–46		



The	mixed	hydroxides	are	versa5le	and	can	detoxify	CEES	
through	dehydrohalogena=on	and	DMCP	through	hydrolysis.	

C-	Cu	
F-Fe	
Z-Zn	
N-	Nitrate	

Florent,	M.	et	al.,	submiOed	





Loose	Fibers	
7.1%	Iron	 Swatch	from	TW	

10.2%	Iron	

Swatch	from	TS	
4.8	%	Iron	
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Swatch from Towel


Copper (hydr)oxide
 Copper oxide


Swatch from T-shirt


Copper (hydr)oxide


Washed with water
 Washed with base


TA in air: 

5 % CuO




<2  % CuO
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Copper	content<	2	%	
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Types	of	Carbon	

Graphite	fiber	swatch	 Carbon	swatch	

Fibers		
from	swatch	
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Material	
DMCP	adsorp=on	mg/g	

1	day	 1	week	

GrF+CuOH	 69.1	 95.2	

GrF-NS+CuO	 57.1	 113.6	
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Swatch from T-shirt, Cu(OH)2, base washed  


iniNal
 24 hours


Swatch from Towel, CuO


iniNal
 24 hours


3 hours
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CF-SN+CuON	
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Giannakoudakis,	D.A.,	et	al.	Small,		2016,	in	press	



Giannakoudakis,	D.A.,	et	al.	Small,		2016,	in	press	





q Defects	in	the	cataly5c	phase	of	metal	(hydr)oxide	promote	reac5vity	
towards	CWA	

q Addi5on	of	GO	increases		the		surface		heterogeneity	and	thus	ac5vity	
q Deposi5on	of	ac5ve	phase		on	fibers	results	in	synergist	effect	related	to	
the	surface	distribu5on	of	ac5ve	phase	and	defects	

q The	color	change	of	the		ac5ve	phase/fabrics	might	be	an	indica5ve	of	
the		exhaus5on	level		of	the	protec5on	layers	

q High		surface	area	of		carbon	cloths/tex=les	and	electrical	conduc=vity	
make	them	poten=al	candidates		for	smart	and	reac=ve	fabrics	



q Their	surface	can	be	chemically	modified	to	create	site	for	ac5ve	phase	
strong/covalent	agachment.	

q On	the	interface		new	chemistry	beneficial	for	the	decontamina5on	can	
be	formed	

q The	surface	reac5on	products	can	de	adsorbed	in	the	developed	pore	
system	enhancing	adsorp5on	of	organic	molecules	

q The	conduc5vity	of		carbon	phase	may	promote	redox/oxida5on	
reac5ons	

q The	support	is	light,	breathable,	durable,	and		environmentally	stable	
q Possibility	to	integrate		sensing	of	the	exhaus5on	level	
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