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We study porous materials and  
                  their interactions with fluids 
 
  neutron imaging  
 high resolution in moisture content, space and time  
 

  aim 
 understanding the physics of transport processes 
 material properties determination  
 validation of computer models 
 

 
Neutron images, from Neutra and Icon, SINQ, PSI 



Spatial distribution in porous materials  
      water or other fluids 

during     wetting in liquid or vapor phase 
      redistribution 
      drying 
  

Different boundary conditions  
 controlled changes in relative humidity    
  environmental chamber 
 controlled air flow 
  micro wind tunnel 
 in presence of temperature gradients  
  heated film 
 
 

We have documented sedimentary stones and salts, gypsum, porous 
asphalt, clay brick, hard and soft wood, apples and pears. 



Capillary uptake  (imbibition) 
 water or other fluids  
 
 

Set up 
  
 
 

0  0  0  2 . 0  1  2  g 

Sample is hung  
on a frame  
on a balance 

Remote-controlled 
elevator brings  
the water up 



Wood - spruce 
 non-uniform  

 related to different structural features 



cellular 

structure 

TRACHEIDS: longitudinallly oriented cells  

     about 2mm in length, 10-150 ɛm in diameter 

RAYS: 5% of the cells are horizontally linking the bark to the inside of the 

tree 

earlywood latewood 



 
 

bordered pits 

50 µm
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swelling 
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polar vs. non-polar liquid uptake 

water uptake  

decane uptake 

radial uptake 
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Liquid uptake from dry state 
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from moist state 



heartwood sapwood 

MC=182 kg/m3 

MC=140 kg/m3 

MC=85 kg/m3 

t= 5 to 14  min 

MC=360 kg/m3 

MC=400 kg/m3 

MC=430 kg/m3 

kg/m3 

t= 140 min t= 140 min 

MC=180 kg/m3 

MC=140 kg/m3 

MC=85 kg/m3 



1500 mm 

Sedimentary stone - Savonnières 
 non-uniform  

 related to different structural features 



neutron transmission => 2D moisture distribution => moisture profiles 

3.1. Neutron radiography of capillary uptake 



S1: uptake of 1.4m 
Na2SO4 solution 

S2: uptake of 5.8m 
NaCl solution 

Moisture contents: 

_ _

_

0.76
s h

= º
h s

salt sol salt sol water

water salt sol water

B

B

Ratio of slopes = 0.75 





Porous asphalt 
   porosity 20% 



balance 

rising platform 

water container 

porous asphalt  
sample 





balance 

descending  
platform 

water container 

porous asphalt  
sample 

Drainage 
   
 
 



moisture 

content kg/m3) 

t = 0 t = 3h 



0     0.5  2                     3                3.5h 



Adsorption and desorption of water vapor 
ICON   
 

Set up 
 
 
Environmental  
chamber 
 
 
 
 
Relative humidity 
 control system 
 
 



numerical simulation of vapor transport 

Vapor transport in wood and stone  
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t=1 h 

t=2 h 

t=0 h 

t=4 h t=3 h 



Test protocol: 

lab X-ray tomography 
final dry state 

neutron radiography of 
water/saline uptake 

evaporation 

lab X-ray tomography 
initial dry state 

10 mm 

1
5
/8

 m
m

 
Drying 

NEUTRA 

ICON 



3.2. Salt profiles 

neutron transmission 

0 1 
hydrophobization 

degree 

NaCl profiles based on neutron radiographs: 

1
5

 m
m

 



neutron transmission 

8
 m

m
 



neutron transmission 

8
 m

m
 





after 4 wetting-drying cycles with 1.4m Na2SO4-solution:  

before after 

2 mm 

1  mm 

mirabilite: Na2SO4.10H2O 


