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Need for multiscale imaging 



http://www.nytimes.com/2016/06/08/nyregion/with-connecticut-foundations-crumbling-your-home-is-now-worthless.html?_r=0 







Combining techniques at the 
micro/nano scale 



Micro-tomography 

Marinoni et al., 2015 

a) subvolume rendering showing dissolution zone in chert (blue) and debonding (red); 
 c) rendering of the subvolume with microcracks (red) emanating from the aggregate particle 



MicroCT: SYRMEP beamline (ELETTRA) 

MicroXRD: SYRMEP beamline (ELETTRA) 



Mineralogy can be studied with microXRD 

Chert near the interface. 
 
Mean peaks à quartz 
 

Chert near the interface. 
 
Mean peaks à calcite 
 
Quartz has dissolved away 
 



Poro-mechanical model with chemical and 
mechanical damage 

R. Pignatelli et al. / Cement and Concrete Research 53 (2013) 196–210 





 Studies of shales at the nanoscale 

(I)  a	porous,	fissurized	matrix	and		
(II)	a	kerogen	inclusion	with	very	low	permeability	

P.J.M.	Monteiro	et	al,		PNAS,	Vol	109,	No.50,	20309–20313,	2012		



produc'on	rate	per	unit	of		area	



•  Finally,	the	produc'on	rate	is	given	by:	



Nanoprobe at APS 



Preliminary tests for shale 

10	mm

Imaging	of	shale	using	hard	x-
ray	at	APS.	The	images	were	
s'tched	together	to	have	a	
broad	field	of	view	of	the	
par'cle.	The	pixel	size	was	16	
nm	with	a	spa'al	resolu'on	of	
30	nm.		



Distribution of kerogen in a shale 

 
a) 

 
b) 

 Determination of the connectivity of 
organic matter in shales a) absorption 
image of shale. At this energy it is not 
possible to identify the various phases 
in shale; b) Synchrotron radiation 
allows for the fine-tuning of photon 
energy so it is possible to create high-
resolution mapping of the location of 
the kerogen. Red: “Kerosene” peak at 
286.7, Green: 296eV, Blue: “Shale” 
peak at 297eV. 

!



Importance	of	the	mesoscale	

Ioannidoua	et	al.,	PNAS	2016	



Nanoscale 
Characterization 
� Spectromicroscopy 

� Very high spatial resolution 
nanoCT 



 Scanning Transmission X-ray 
microscopy   (STXM) 



K-edge: 1s->2p 
 
L-edge: 2p->3d 

hν Vacancy 



Absorption Edges 



Cement Chemistry at Nanoscale 

SCANNING MODE 

Image Scan Element Mapping Line Scan Stack Scan 



Image Scan 

Element Mapping 



Line Scan 

Stack Scan 



Study	of	the	Ca-edge	



Study	of	the	Ca-edge	



Study	of	the	Ca-edge	



Study	of	the	Si-edge	for	reference	
materials	



  Hydrated C3S (17day old sample) 



Older	C3S	samples	
1.5	years		

50		years		
Geng	et	al.,	CCR,	2015	





Interac'ons	between	bi-polymer	
fiber/matrix	





What	about	Afm	and	AR?	



STXM	images	of	NaCl-reacted	
monosulfoaluminate	samples		



Effect of chemical admixtures 

C3S (reference) C3S + PCE-Sil C3S + PCE 



Towards very high spatial 
resolution nanotomography 



Soft X-ray nanotomography  
work done at BESSY, Berlin 

Jackson et al. JACers, 2013.  



Soft X-Ray 
Nanotomography 

Jackson	et	al.	Journal	of	American	
Ceramics	Society,	AUG	2013.		

Work done at 
BESSY, Berlin 



 
 Bridging the gap from nano to 
micro length scales 

Consider one projection A(x,y);  
1.  Take the 2D Fourier transform of –ln(A(x,y)) to 

obtain the complex function Ac(qx,qy); 
2.  The spectral density P(qx,qy), of -ln(A(x,y))  is 

The	spectral	density	is	a	good	approxima'on	of	
the	small	angle	scaYering	paYern,	I(qx,qy,qz=0)		

Application of the 2D Fourier slice theorem: 
 

 
P qx,qy( )=Ac qx,qy( ) iAc

* qx,qy( )



Log Fourier transform 

SAXS experiment 

Overlap 

Brisard et al., Am. Min., 2012 

Portland cement paste  





J. M. Rodenburg et al., PRL, 2007 

Ptychography  
A major breakthrough in high resolution  

x-ray imaging 
 



Advantage of redundant data 

From David Shapiro 



Nanosurveyor 1.0 – ALS 
Beamline 5.3.2.1 

Zone Plate: XY 

OSA: XY 

Sample: XYZR 

FastCCD 

Interferometer 
Ø 7 s / µm2 measurement time 
Ø 5-10 nm resolution 
Ø 2 nm RMS stability 
Ø Open geometry, EASY TO USE 
Ø 25-250 nm zone plate 
Ø Up to 25 mm focal length, 100 µm 

depth of field 
Ø No cryo 
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Ptychography with soft x-rays 
(work done at the Advanced Light Source) 

Bae et al., JACers, 2015 

Log Fourier transform 



With such high spatial resolution it is 
possible to probe the inner product 
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XANES	with		
SoP	X-Ray	Transmission	Microscopy	
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Final Question: 

Is it possible to obtain nanoCT 
with extremely high spatial 
resolution? 
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