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•  phase identification of materials- 
different phases of materials with 
the same elemental composition 
can have extremely different 
properties 

•  degree of crystallinity 



•  limited amount 
– pharmaceutical trials 
– combinatorial chemistry 
–  filtered material 
–  removal from larger samples (i.e., artwork) 

•  contamination  
– extraction from pharmaceuticals 
– corrosion: circuit boards, sheet metal, outdoor 

metals (i.e., bronzes, steels) 
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•  Polyimide (Kapton) 
•  Low X-ray 

aborbance and 
scatter 

•  Easy sample 
mounting 















•  Accelerated aging with chemicals, light, 
and temperature is used to test electronics 

•  After accelerated aging testing, a contact 
on a circuit board failed 
 Corrosion was evident in a contact area 

•  What is the corrosion?  





•  Several frescoes in a university hall were 
cracking with numerous accretions or spall  

•  Architectural conservators wanted to 
identify the spall-this would indicate what 
materials were underneath the painted 
layer and source the problem. 

•  Samples of spall and from an intact fresco 
tested for the presence of gypsum 
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High-Resolution Imaging and Elemental 
Scanning Electron Microscopy with  

Energy Dispersive X-ray Spectrometry (SEM/EDS) 

Optical Properties and Imaging 
Light Microscopy (LM) 

Organic Classification 
Fourier-Transform Infrared Spectroscopy (FTIR) 

Phase Identification 
X-ray Diffraction (XRD) 

Organic Quantification 
Gas, Liquid Chromatography 

Transmission Electron Microscopy (TEM) 

Raman Microscopy 

Polarized Light Microscopy (PLM) 
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•  Elemental (EDS or XRF) will identify Pb in paint 
structures or layers from samples but will not 
determine if it is white lead carbonate, the white 
pigment discontinued from industrial paints and 
known to be a health hazard 

•  Received samples as polished mounts with EDS 
map and Pb-rich layers to sample for 
identification of white lead carbonate 

•  Particles removed from chips or dust wipes can 
confirm the presence of white lead carbonate 
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Layer 2, blue 
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McCrone Associates Staff 
Cynthia Kuniej Berry, Conservator 

Robert LaFrance, University of Illinois 
Museums 

(and clients who know who they are) 





Not embedded in epoxy! 







•  Rotating anode 
•  Image plate detection 
•  Particles in the 10µm 

size range 
•  Beam size 300µm or 

100µm 



Calcium carbonate 
CaCO3 calcite aragonite 

How are the atoms in a sample arranged?  



TiO2 

brookite 

Corrosion or 
patina? 

anatase 
rutile 

What type? 



•  Multi-technique instruments versus micro-
instrumentation 

•  Major obstacle is removing particles for 
analysis and using the same particle for 
multiple instruments 

•  “particle” ~ micron size range 



•  Powders in capillary 
– Corundum, silicon 

•  Wires 
– 50µm Ni, 100µm Au 

•  Ni spheres 



•  Bulk powder XRD 
•  Pharmaceuticals 
•  Asbestos 
•  USP methods 
•  Automated sample 

changing 







•  test paintings 
•  architectural lead paint 

identification 
•  15th century Spanish panel painting 



•  Simple primed canvas with three layers of 
known pigment and media or commercial 
paint 

•  Sections taken and the layers analyzed for 
pigment and media by particle 

•  Not embedded in epoxy 
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Burnt Sienna in oil Hematite, quartz, barite 

Prussian Blue Hue  
watercolor 

copper and iron  
phthalocyanines 

indigo in  
linseed oil 

barite 


