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Advantages of SR for X-ray imaging

Absorption and Phase Contrast imaging

The SYRMEP beamline: source characteristics and

experimental setup

Some applications
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Advantages of SR for hard X-ray imaging

Characteristics

Monochromaticity

Collim ation

Spatial coherence

Intensity
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Advantages

no beam hardening

k and L edge imaging
quantitative CT evaluations
optimization of X-ray energy
(dose reduction)

parallel beams, scatter reduction
phase sensitive techniques

reduction of exposure time




PHase-Contrast (PHC) imaging

The technique exploits the high spatial coherence of the X-ray source

‘—»

e Conventional radiology IntenSIty
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PHC imaging setup

Synchrotron or
x-ray tube

R.Fitzgerard, Physics Today, July 2000 Detector

z =0 -> absorption image

For z > 0 -> interference between diffracted and un-diffracted wave produces edge and
contrast enhancement A variation of §, producing a phase shift, can be detected
Measure of V2®(x,y)

PHC Regimes
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SYRMEP layout and source characteristics

detector
II slits

I slits

Ionisation
chamber

white beam
Si(111)
double crystal

Front-end horiz.
monochromator

acceptance: 5 mrad

« CCD (2048*2048 pixels) 16 bit camera with 2 configurations:
« pixel size: 14 um, 1:1 optical fiber taper, field of view: 28.67x28.67 mm?
« pixel size: about 3.8 um, with high resolution optics, field of view of about 8 mm?.

« CCD (4008*2672 pixels) 12/16 bit camera

« pixel size: 9 um, 1:2 magnifying optics (4.5 um effective pixel size, field of view =: 18x12 mm?
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Simulated PHC patterns for a 100 um nylon wire

e or Source dimension

* Source
dimension

« Sample-to-
det. distance

« Detector
resolution
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Real images of
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Laminates are sailclothes in which some
cloth or yarns are glued to one or more
layers of films, where some attempt is
made to align the load bearing fibers in a
given material with the primary load
paths

laminates use unidirectional
prepreg tapes of in-line plasma treated
extended chain polymer fibers, and carbon,
spread to monofilament levels on polyester
and other unique films. The beauty of the
CF process is that it involves neither twisted
filaments nor weaves. This reduces 'creep'
and 'crimp' to levels undetectable with

standard testing equipment.




SEM analysis of composites

Artifacts induced by sample preparation
Damage induced by vacuum and electron beam
Limited field of view

Invasive technique

Poor absorption contrast

Enter PHC
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Diax 70 HMT E =15 keV  pixel size = 14 pum
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laminates with a 45-degree diagonal scrim.
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Reflection (left) and transmission (right) optical
microscopy have a limited field of view and do not
allow observation of details under the ribbons.
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Structural analysis of sailcloth under sailing -
and racing conditions

Impossible or extremely complicated with conventional X-ray imaging
systems
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3 x3 mm? - pixel 3.8 um
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1.5x 1.5 mm? - pixel 3.5 um
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5.6 x 16.8 mm* - pixel 14 um - before folding and after 10 cycles
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Computed u-Tomography (u-CT)
CCD camera

Scintillator Screen

Monochromatic incident

X-ray beam Sample Stage Planar Radibgraphs

Projections are elaborated by the Filtered Back Projection algorithm (Herman, 1980) to
reconstr uct multiple slices of the scanned sample

« Slices are stacked to create volumes and rendered for visualization

- Volumes can be elaborated by custom adapted Digital Image Processing procedures
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Imaging of red calcareous algae

The red calcareous algae (Corallinales) have an essential role
submarine ecosystems:
= bio-builders,
* food for grazers,
* they provide (as bio-builders) calcareous material for the
structure of the reef
part of the Carbon bio-chemaical cycle.

Moreover:
O the are widely spatially distributed from warm regions (tropical -
temperate) to the cold ones (arctic - subarctic).
0O high temporal distribution, from the present (hving forms) to the
Terziary (Oligocene) fossils thalh.
0O high conservative power (paleomarkers)
0O used as bioindicator of the quality of the sea waters

Corallinales are considered as an essential tool to access
information about submarine environmental evolution
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Set up a non mvasive method that allows a morphologic
study of the mner structure of the Corallinales 1n a
resolution scale of 10 um.

Use this method for virtual shcing the sample and

determine where to perform more accurate analysis by

means of SEM.
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Slice obtained from a 1440 proj.
E= 25 keV

The succession of bands produced

during the progressive calcification

of the cell walls are visible

The identification of the reproductive organs
immersed in the thallus (e.g. conceptacles),
has allowed a correct determination of the life
cycle of our specimen.
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SEM image
corresponding to a

100 um x 80 um area
selected from one of

the slices.

Layered distribution
of diatoms (green
circle), serpulids
(yvellow line), coralline
algae (red line),
cyanobacteries (blue
line) clearly visible on
border of this gallery.
Spatial and S

ol o = : e i, . '
temporal sequence EHT=15.98 KU W= 28 mn
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Small cracks and defects 1in Aluminium

Friction Stir Welding (FSW) samples

Retreating

Advancing
side

Shoulder
Pin

A Definition of defects position and dimension in welded joints is very
demanding for application of fracture mechanics techniques and improvement of
industrial aceptance criteria

ICTP school 7-25 April 08 — G.Tromba




N 2 72
ey

=y

unie

(E FINCANTIERI

3D rendering of a crack (extension ca. 1.24 mm)
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le 3D crack model

software routine to trace the
crack through the stack (by
MATLAB)

symmetric shape
- nucleated in A
- propagated in hoop
direction until B and B*
- deflected until C and C*
- recovered the original direction

surface of the crack composed of
linear tracts
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Study of porous media

A2 {(SYRMEP)

Porous media are very suited to be studied by PHC uCT

The study of porous media
requires the knowledge of
microscopic properties of the
porous matrix, like: porosity,
permeability, tortuosity,
effective thermal conductivity,
effective electric conductivity,
etc.

The u-CT scan and 3D volume
rendering represent the first
step which contributes to
qualitatively explore the internal
structure of the samples

A dedicated SW that perform
filtering, segmentation,
skeletonization, object counting,
etc. have been developed for this
purpose
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Polyurethane foam used in the automotive industry
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Study of trabecular bone structure by means of
absorption u—CT

Osteoporosis causes alterations in the trabecular bone that produce a

reduction of bone mass and density but also structural changes in the bone
architecture.

In general, the quantification of bone microarchitecture is mainly based on
histology that allows to extract histomorphometric parameters quantifying
bone structure in terms of shape and connectivity. This technique is
destructive.

Using u-CT it is possible obtain a 3D digital map of the bone, to visualize
the morphological structure and evaluate the main histomorphometric
parameters.

Using these data numerical methods can be applied to evaluate the elastic
properties.
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ISTITUTI ORTOPEDICI RIZZOLI

High resolution u-CT analysis of a proximal
human femur with an innovative linear detector
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ISTITUTI ORTOPEDICI RIZZOLI
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Left ROI  21.4+0.3 1.28+0.03

Right ROI  13.8+0.2 ) 1.17+0.02
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Imaging of archeological and recent wood

X ray uCT is a powerful tool for the anatomical investigation

Oak by optical microscope Oak by X ray uCT
(cross section) (SYRMEP beamline, 15 keV)

Spring Vessel (early wood)
Summer Vessel (late wood)

Parenchyma rays
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Archeological vs. recent oak

E=15 keV
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Below 200 KeV
— the photoelectric
- effect dominates

photon energy, keV
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PR e Calibration for measuring the u(x,y)

Linear attenuation
coefficient
cem!

Chemical
formula

Material

Density | Mass attenuation
coefficient
cm?/g

Propane
liquid

Acetone

Water

Glycerol

Chloroform

Aluminum

é DA LINFIT (IDL)
2 y=0.2328 (+/-0.0027) x+ 0.046 (+/-0.014)
£
i 5 (prob. test del chi quadro ridotto = 28.6 %) 2
E
4
3
2
1 -
Experimental
D , .
0.000 5.000 10.000 - e . vs theoretical n

theoretical 4(%.7)

Courtesy of N.Sodini
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Distance (mm)
Distance (mm)
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From linear attenuation coefficient to Density

i

Experimental u vs theoretical u
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