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Outline  

• The problem of ancient paper  
    and its degradation 

 
 

• Novel non-invasive diagnostic and immaging 
methods: 
– Surface Profilometry 
– Atomic Force Microscopy Nanomechanics 

 

Codex on the flight of birds 
(Codice del volo) circa 1505  
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D. Klemm, et al., Comprehensive Cellulose Chemistry, Wiley-VCH Verlag, Germany (1998). 
M. Missori, et al., Phys. Rev. Lett. 97, 238001 (2006).  

Paper: physical and chemical properties 

high temporal stability 

30-60% of cellulose 



Degradation of paper on aging 
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T. Lojewski, et al., Carbohydrate Polymers 82, 370 (2010). 

Needs of novel non-invasive diagnostic methods 





CCI: paper sheets belonging to the 
Italian Minister of Cultural Heritage 

MiBACT  
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Micrometer scale morphology: 
white light optical profilometry SmartWLI with Nikon 

interferometric 
objectives 

Real 3D topography 
x,y : optical resolution 
z : nm scale 

Non-invasive measurement 
of the roughness of the 
sheets 



Non-invasive measurement of the fiber’s fractal dimension 

Fiber surface profile  
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De Spirito et al. Phys. Rev. E 77, 041801 (2008) 

Neutron Scattering 
De Spirito et al.  

AFM, Buzio et al.  



From Micro to Nano-scale morphology: 
Atomic Force Microscopy as an imaging tool 

45° 



Sample preparation 



Different cellulose areas  different mechanical properties 
correlating nm scale topography with mechanics  

cuticle  
softer 

fibers 
stiffer 

Quantitative Nanomechanics: Atomic Force Microscopy 

…going beyond simple imaging 



Nanomechanical properties of different polymer arrangement: the aging effect 

hydro-thermal aging 
reference         



Stiffness of different areas compared 

reference 
paper  

artificially aged paper 
48 days 150°C 

Modeling could improve 
our diagnostic method 
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