X#RY VR - O—TFHEHC K B IFBRRE

Non-Destructive Inspection System Using Talbot-Lau Interferometry
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Abstract

In recent years, the phase contrast imaging technique
using the X-ray Talbot-Lau interferometry has been attract-
ing much attention as a new non-destructive inspection
method because of its ability of imaging substances of light
elements, which are difficult to image by the conventional
X-ray absorption imaging technology, and ability of imaging
a micrometer-order cluster. In the non-destructive inspec-
tion, a large and thick object has to be inspected, and an
X-ray tube voltage needs to be increased for higher X-ray
permeability. However, in the conventional Talbot-Lau inter-
ferometer, the X-ray grating does not block X-ray sufficiently,
and the X-ray tube voltage is therefore typically limited to
about 40 kV.

We have developed a prototype non-destructive inspec-
tion system for innovative new materials such as those used
for vehicles and aircrafts. This prototype system employs a
newly developed laminated GO grating, which can function
well for 100 kV tube voltage X-ray, so that available X-ray
energy has been increased from 28 keV to 42 keV and the
prototype system can image 50 mm thick aluminum.

The prototype system was used to confirm that the proto-
type system could clearly image micrometer-order micro-
structures such as gas bubbles in lithium-ion battery, fiber
orientation and cracks in composite materials, and a micro-
void cluster in die-cast aluminum. While such micrometer-
order structures can be inspected non-destructively with an
X-ray micro CT, it takes several tens of minutes to several
hours for only a few square millimeters area. In contrast, this
prototype system can be used to inspect 100 square meter
area with about 10 second X-ray irradiation, and a system
using Talbot-Lau interferometry therefore has a possibility of
providing new value as a non-destructive inspection system.
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Fig. 1 Schematic diagram of Talbot-Lau interferometer.
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Fig. 2 X-ray shielding rate with respect to X-ray energy for Au having
thickness of 100 um, 300 um, and 500 pm.
Regarding the conventional 100 um thick Au, nearly half of X-ray
passes through when the X-ray energy is 50 keV or higher.
Regarding 300 um thick Au and 500 um thick Au, the shielding
rate does not largely decrease.
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Fig. 3 Calculated visibility for different X-ray energies and shielding
thicknesses.
Solid line: Interference energy is 28 keV, and gold equivalent
shielding thickness of GO is 100 um;
Dotted line: Interference energy is 42 keV, and gold equivalent
shielding thickness of GO is 300 um; and
Broken line: Interference energy is 42 keV, and gold equivalent
shielding thickness of GO is 500 pm.
Regarding the conventional shielding thickness 100 pm, nearly
half of X-ray of 50 keV or higher passes through as shown in Fig. 2,
and as a result, in the case of imaging by a tube voltage of 100 kV,
there is a large decrease in visibility, which is an index of image
quality of the differential phase image and the small angle scat-
tering image. When the gold equivalent shielding thickness of the
GO grating is 300 um to 500 pm, the visibility does not largely
decrease, and even when the tube voltage is 100 kV, a sufficiently
high-quality image is achieved. As a result, the development tar-
get was set to 300 pm or thicker.
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Fig. 4 Optical-microscopic image of laminated GO grating surface.
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Fig. 5 Outer appearance of prototype non-destructive inspection system.
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Fig. 6 Differential phase images of 3 mm diameter acrylic cylinder on 30
mm thickness aluminum plate taken by non-destructive inspec-
tion with (a) conventional system and (b) prototype system.
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Fig. 7 Radiographic images of die-cast aluminum part, (a) absorption
image and (b) small angle scattering image.
A cluster of voids on the order of micrometers, which is not
viewed on the absorption image, can be viewed whitish like a
cloud on the small angle scattering image.
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Fig. 8 Radiographic images of carbon fiber reinforced thermo plastic
(CFRTP) plate, (a) absorption image, (b) small angle scattering
image, (c) small angle scattering image with 60° rotation, and (d)

color-mapped image of fiber orientation.
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Fig. 9 Radiographic image of SiC composite material®, (a) absorption

image and (b) small angle scattering image.
Cracks, which are not viewed on the absorption image, are clearly
viewed as denoted by arrows in the small angle scattering image.
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Fig. 10 Radiographic images of lithium-ion battery, (a) absorption image
and (b) differential phase image.
Bubbles, which are not viewed on the absorption image, are

viewed on the differential phase image.
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