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Ultrafast X-ray introspective imaging
of metallic objects using a Plasma Focus
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Aureliano Tartaglione

Abstract A compact-chamber 4.7 kJ, 30 kV, Plasma Focus operated in deuterium was used as a ultrafast high intensity radi-
ation source for introspective radiographic imaging of metallic objects. The samples to be imaged were located outside the
Plasma Focus chamber, about 1 m away from the chamber wall. A high-sensitivity, fast-response commercial radiographic
film was used as a X-ray detector. Experimentally obtained images are presented showing a very high penetration power of
the X-ray beam, demonstrating that the presented compact-chamber Plasma Focus is suited for introspective visualisation of

pieces manufactured on metal.
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Introduction

The present day experimental research on dense plas-
mas producing devices is strongly oriented to novel appli-
cations apart from fusion. Plasma Focus machines are
pulsed X-ray and neutron sources specially fitted for appli-
cations because they are not contaminating as convention-
al isotopic nuclear sources are. Additionally, small Plasma
Focus machines have the advantage of being compact,
portable in many cases, cost-effective, and, depending on
the type of chamber one chooses, very versatile for doing
both basic and applied research. Regarding the utilization
of these machines as powerful X-ray sources for radi-
ographic imaging [2], several articles have been recently
published devoted to soft X-ray lithography [4, 5] and
radiography of biological specimens [1]. Other several
interesting applications have also been recently reported
where X-rays are used as probing radiation for substance
recognition [3]. Aimed to find other uncommon applica-
tions for Plasma Focus devices we decided to use a com-
pact-chamber Plasma Focus operated in deuterium for X-
ray imaging of small metallic pieces.

Experimental set-up and method

A Plasma Focus device used in this work is composed of a
10.5 YF condenser bank of 15 capacitors charged up to 30 kV
(4.7 XJ), and a cylindrical stainless-steel chamber 157 mm
long and 96 mm in diameter, 3 mm thick. The electrode con-
figuration is a Mather-type, the electrodes diameters and
length being: 38, 72 and 87 mm, respectively. The central
electrode (anode) is a hollow tube made of electrolytic cop-
per, whereas the cathode is formed by 12 bronze bars 3 mm
in diameter each. The insulator sleeve is a Pyrex tube, 4 cm
in length and 4 mm of wall thickness. Peak currents of
350 kA are attained in a quarter of period (~1.1 ps). The
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Fig. 1. Single X-ray image of an aluminum block with a 1/4-20 brass
bolt screwed on it.

system operates between 1 to 8 mbar of deuterium, present-
ing optimum neutron production in the range 4-5 mbar. After
each shot, the filling pressure increases about 0.05 mbar due
to the release of impurities from the chamber, electrodes and
insulator walls. Consequently, the chamber is pumped down
(mechanically) after each shot in order to assure constant
pressure conditions. The maximum shot frequency was 1 shot
per minute, limited by the charger. Under these conditions,
the frontal wall temperature (that facing the open end of the
electrodes set) increases about 20°C over the ambient tem-
perature after 30 shots, cooled passively by air natural con-
vection and heat conduction through the metallic structure.
The working gas is usually renewed after 10 shots.

The samples to be imaged were located outside the Plasma
Focus chamber, 85 cm away from the chamber wall. A com-
mercial radiographic film, Curix ST-G2 from AGFA was used
together with an AGFA suggested developer and a fixer for
this film. No special procedures were needed other than those
recommended by the supplier, to manipulate and develop
them. A photomultiplier tube coupled to a NE102A plastic
scintillator was used to monitor the X-ray yield in each shot.
By the time of maximum pinch compression, the photomulti-
plier signals show X-ray peaks of about 50 ns FWHM dur-
ation and about 1.5 V amplitude, presenting variations from
shot to shot. These signals were used mainly to decide
whether to develop the X-ray film or to add another shot on
it, based simply, on the observed peaks amplitudes. Under
normal circumstances, only one shot is needed to get an
image when working in the range 3 to 5 mbar of filling press-
ure and placing the object and film at the above mentioned
distance. Even in those cases where two or three shots were
superimposed on the same film, the obtained image resulted
sharp and with good contrast. This indicates that at least for
this application, the radiation source can be considered as
having small size and located almost in the same place from
shot to shot. Additionally, since the X-ray pulse lasts only
about 50 ns, the radiation source can be considered as an
ultra-fast flash for many applications.

Results

Preliminary shots were made to test both the experimen-
tal setup and procedure. Several metallic objects were also
tested to study the penetration power of the X-ray beam
and to find the optimal distance range from the objects to
the focus. We found that distances between 60 to 150 cm are
adequate to get good image quality with only one shot.
Outside this range, the film is either overexposed in the first
shot, or too many shots are required to get a (generally
blurred) image, thus making the procedure impractical.

Fig. 2. Single X-ray image of a stainless steel BNC “T” connector.

Fig. 1 shows a 1.56x1.56x4.93 cm? solid aluminum block
with a bronze 1/4-20 (6.35 mm in diameter, 20 threads per
inch) screw on it. An empty hole is also observed on the
block. The clear contrast between both metals facilitates the
introspective inspection of composed pieces. Fig. 2 shows a
stainless steel BNC “T” connector where the internal struc-
tures made of metal and plastic are easily identified.

Conclusion

A small-chamber 4.7 kJ Plasma Focus device operated in
deuterium was used as a high-brightness X-ray source to
obtain introspective radiographic images of metallic objects.
The presented results constitute a proof of principle for the
use of a compact Plasma Focus in non-conventional intro-
spective imaging. It should be emphasized that the radiation
used to obtain the images had to go through the frontal
chamber wall, which is made of 3 mm stainless steel. This
thickness was imposed by design criteria preexistent before
the utilization of this Plasma Focus as a compact X-ray
source. Thinner walls would be admissible, allowing conse-
quently, for more penetration power of the beam. Our results
indicate that aluminum pieces having tens of mm thick can be
easily imaged with submillimetric details and that small stain-
less-steel pieces (having 1 to 2 mm wall thickness) can also be
introspectively imaged with the same resolution.
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