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in my academics as well in my social life.
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Purpose	of	the	Visit

At	VTT	I	carried	out	most	of	the	characterization	of	the	
nanopaper and	of	the	multilayers.

In	our	recent	project,	we	are	optimizing	different	
coating	systems	using	the	Electrospinning	technique;

The	nanopaper was	obtained	at	VTT	and	sent	to	the	
IATA-CSIC to	carry	out	the	electrospinning	coating	
with	PHBV;

The structure of the packaging material is made of a nanocelullose film
resembling paper board developed by VTT coated on both sides by an
electrospun active PHA coating developed by CSIC.



Materials	and	method



LE500 FluidnatekTM Electrospinning Pilot System



Characterization	Techniques

• Biopackaging structure,	multilayer	of	nanopaper
• Mechanical	Properties	(MP);
• Contact	Angle	Measurements	(CAM);
• Atomic	Force	Microscopy	(AFM);
• Water	and	Limonene	Permeance (WVP);
• Oxygen	Permeance (OP).

Following	material	characterization	techniques	were	used	at	VTT	Finland	during	the	
visit.

Some	of	the	most	relevant	results	follow



Nanopaper Structures Developed

Nanopaper

ePHBV ePHBV/Nanopaper/ePHBV



Mechanical	Properties	(MP)

- The	modulus,	yield	stress	and	tensile	strength	of	the	
multilayer	is	lower than	that	of	the	nanopaper due	to	the	
double	coating.

- The	elongation	at	break	is	also	lower	than	that	of	the	
nanopaper but	it	is	higher	than	that	of	the	pure	PHBV.



Atomic	Force	Microscopy	(AFM)



Atomic	Force	Microscopy	(AFM)

Nanopaper Multilayer	PHBV/Nanopaper/PHBV

The	surface	roughness	of	the	nanopaper decreases	after	coating,	
as	a	result	the	mutilayer has	a	smoother	and	glossier	surface	due	
to	the	enhanced	surface	homogeneity	provided	by	the	
electrospinning	process



Contact	Angle	Measurements	(CAM)



Contact	Angle	Measurements	(CAM)

Nanopaper Multilayer	PHBV/Nanopaper/PHBV

The	contact	angle	increases	significantly	after	coating	suggesting	
that	PHBV	results	in	strong	hydrophobization of	the	nanopaper



Water	Vapor	 and	Limonene	
Permeance of	the	multilayer	

- Water	vapour permeance was	seen	to	drop	in	the	multilayer	as	compared	
to	the	pure	nanopaper by	more	than	two	orders	of	magnitude	due	to	
coating	with	PHBV.

- Limonene	permeance on	the	other	hand	was	seen	to	increase	in	the	
multilayer	by	one	order	of	magnitude	because	limonene	plasticizes	PHBV.



O2 Permeance

Oxygen	permeance was	measured	at	60%RH	and	was	seen	to	drop	
in	the	multilayer	by	ca.	40% as	compared	to	the	pure	nanopaper
due	a	reduced	moisture	induced	plasticization.	



Conclusions

The	electrospinning	coating	technique	proves	to	
be	a	very	efficient	method	to	strongly	reduce	the	
water	permeability	of	nanopapers and	to	a	lesser	
extent	also	to	oxygen	when	PHAs	were	used	as	

the	coating	materials
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