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For many years, X-ray fluorescence movie has been believed as a kind of special
technology requiring highly sophisticated expensive hardware. The method needs to have
sufficient energy resolution to distinguish elements, spatial resolution to identify the positions in
the sample, and time resolution to know the change. As this appears technically difficult, X-ray
fluorescence movie has not been used in the ordinary industries, hospitals and other workplaces.
Summarizing the authors’ series of work done since late 1990s, the present paper describes how
simultaneous multi-element movie is realized at any places where X-ray fluorescence analysis is
currently used.
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Fig.1 Projection-type X-ray fluorescence imaging.
(a) Pinhole camera type. (b) Parallel optics using 2D collimator.
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Table 1 Summary of main specifications of two types of commercially available cameras used for X-ray

fluorescence movie applications in the authors’ lab.

Type I Type 11
Sensor CCDA47-10 (e2V) CIS2521 (Fairchild Imaging)
CCD Scientific CMOS
Resolution 1024 x1024 pixels 2560 %2160 pixels
Pixel size 13 umx13 pm 6.5 umx 6.5 um
Active area ~ 170 mm? ~ 230 mm?
Effective thickness ~ 10 pm 7?
Camera C4880-50 (Hamamatsu) pco edge 5.5 (PCO AG)
A/D conversion 16 bits 16 bits
Electronic cooling . 30C . . S.OC .
With water cooling With air cooling
Frame rate (slow scan for high- 0.25 fps (slow mode). 33.6 fps.
quality imaging)
Energy resolution for X-rays
(gé Min K 5.9 keV) Y 150 &V 220 eV

Before

After (model)

Fig.2 How to modify the ordinary visible light
camera for X-ray fluorescence imaging.
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Fig.3 Distinguishing X-ray energy by 2D detector.

Brightness of pixels
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Absorption edge

Prima‘;y X-ray Energy
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(a) Use of the single photon counting mode. If the image is taken in very short time, the measured intensity (collected
charge amount) gives the information on the energy of the X-ray photon. Then the detector can distinguish the
difference of elements in the same way as other X-ray energy-dispersive detectors.

(b) Use of the tunable monochromatic X-rays across the absorption edges. This uses selective excitation of specific
elements by tuning the primary X-ray energy at lower and higher energy sides of the absorption edge.

Fig.4 Charge sharing event.

Charges created by a single X-ray photon are splitted
into several pixels.
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element movie imaging.
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Fig.6 Example of X-ray fluorescence analysis using CMOS camera
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Photos and spectra are obtained by the same CMOS camera, before and after modification, respectively. Cobalt is
detected in the inner side of plate (left), whereas it is not in outer side (right).
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(a) Agate stone

|

i N o sic0
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Ca Scat

Ao 79002000 5000
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Photon energy (V)

Fig.7 Example of X-ray imaging. Viewing areas on samples are enclosed by rectangles.

(a) Agate stone. A white mark is attached so that the viewing area is precisely confirmed.

(b) Mixtures of different chemical particles of CaCly and Fez(SO4)3. They can be easily distinguished in X-ray
imaging though their colors in appearance are similar. X-ray imaging slightly differs from sample shape because
incident X-rays mainly illuminates protruding parts.

= I "
 \ .
= 2 =n

Fig.8 Optical observation of chemical garden.
A typical growth process of chemical garden growing from mixtures of calcium salt and ferrous salt, observed by an
optical microscopy. Time stamps are marked at the upper right corner of every snapshot.
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Fig.9 Final stage of chemical garden.

(left) Optical image. (center) X-ray fluorescence image (Fe). (right) X-ray fluorescence image (Ca).

Fig.10 Time evolution of X-ray fluorescence images of Fe and Ca taken simultaneously

15t h

32)

Each frame records the element distribution in one specific hour. In chemical garden growth, Fe diffuses to
boundary parts, whereas the distribution of Ca nearly has no change.
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