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Abstract 

The new cold neutron radiography and tomography facility at the Hahn-Meitner-Institut Berlin is suited for the investigation 
of components and materials from different industrial fields. The high-flux measuring position of the facility allows real-time 
imaging of fast dynamical processes. Cold neutrons interact with a higher probability with the matter compared to thermal 
neutrons which leads to a much better radiography contrast. Some examples of different industry applications like 
investigations on discharging of a Lithium battery or on oil sediments in a vent pipe are presented.  
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1. Introduction 

In modern industry neutron tomography and 
radiography are of increasing interest and are used for 
investigations of industrial components and materials 
since many years [1-6]. Because of the unique 
properties of neutrons, tomography and radiography 
with neutrons are of special interest for automotive 
and aviation industry. The possibility to penetrate 
even several centimeters of metal on the one hand 
and the sensitivity to some light elements on the other 
hand provides high contrasts in images of metal 
components containing oils, plastics, adhesives etc.  

At the Hahn-Meitner-Institut Berlin a new cold 
neutron radiography and tomography facility is under 
construction intended mainly for the needs of 
industry [7]. The instrument provides a high 
variability for different demands at two measuring 
positions, see Fig. 1. The first high-flux position is 
already in operation, while the second high-resolution 
position is under construction. At the first one a very 
high neutron flux of at least 109 neutrons/(cm2s) is 
available. This gives several advantages:  

1. The time needed to take a tomography can be 
reduced. Therefore, investigations of fast processes, 
like a running machines or fast chemical reactions, 
are possible. 

2. Cold neutrons increase the contrast between 
different materials. 
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3. It allows the investigation of rather thick 
components, because of the enlarged dynamic range 
of the radiography image. 

2. Experimental Setup 

The new neutron radiography beam line at HMI 
V7 is placed at the end of the curved neutron guide 
NL1b facing the cold source of the BER-II reactor 
[7]. The existence of a neutron guide helps to achieve 
an enormous high cold neutron flux in the order of 
ca. 3x109 n/cm2s at the end position with a negligible 
background of gammas and fast neutrons. A measure 
for the level of the beam collimation is the so-called 
L/D ratio, described in more details elsewhere [8], 
where the larger the ratio the better is the beam 
collimation. The image quality depends directly on 
the beam collimation. At the first measuring position 
the L/D value is limited by the energy-dependant 
divergence produced from the guide. In case of a cold 
neutron beam it is measured in the order of 70 for a 
Ni coated guide [8] which provides a geometrical 
unsharpnes  of 250 µm at a distance of  2 cm from the 
detector screen.  

At the second position, see Fig. 1, an additional 
collimation sytem, consisted of a flight tube of 5 m 
length and a set of diaphragms, will be installed.  
This way the L/D value for the second measuring 
position will be increased to about of 500 and the 
spatial resolution will be improved down to 100 µm. 

The used detector system is based, for the 
moment, on a 12-bit interline-transfer CCD camera 
Sensicam 1280x1024 pixels with a triggering option 
allowing exposure times down to 1 ms for real-time 
radiography. The image obtained by the LiZnS 
scintillator is projected via a mirror and a lens system 
onto the CCD chip giving a projection ratio of 26 
μm/pixel.  

3. Experimental Results 

The presented experiments below were performed 
at the first high-flux measuring position, where 
samples with small sizes (maximal beam size 3x5 
cm2) can be investigated at a high neutron flux of ~ 
3x109 n/cm2s. 

3.1. Lithium batteries 

Because of the low specific weight, Lithium is 
widely used in the battery industry. Furthermore 
Lithium possesses one of the highest attenuation 
coefficients for cold neutrons among all the elements 
of ca. 11.7 cm-1. Hence the Lithium batteries are 
interesting objects for investigations with neutron 
tomography, because the contrast to other battery 
components is very high [4,9].  

Normally the content of a battery is gel-like 
because of the liquid ingredients i.e. the electrolyte. 
Thus, if cropped the surface pattern is blurred, even if 
the battery is frozen with liquid nitrogen.  

The task to investigate a LiI battery with 
dimensions 2.6x2.8x0.3 cm3 by a neutron 
tomography method was a challenge for the recently 
established tomography facility at HMI. To perform a 
good tomography reconstruction a set of equidistance 
sample projections around a 180o angular interval are 
needed. This means that for some of the projections 
the neutron transmission should succeed for a LiI 
thickness of app. 2.6 cm. 

The expected transmission of the beam in these 
cases was estimated to ? % which is considerably 
lower in comparison to the transmission of the 
transversal direction of the battery of 0.3 cm giving a 
transmission of 25%. Such a strong difference in the 
transmission at different projection angles usually 
leads to undesired artefacts in the tomography 
reconstruction. 

To improve the signal-to-noise ratio for the 
projections with a bad neutron transmission several 
images were collected for every angle position. After 
adding up all of them a final projection image for the 
corresponding angle was obtained. The set of final 
projection images was tomographically reconstructed 
using a standard back-projection algorithm.  

The number of the collected projections in the 
180o angular interval was 200 which corresponds to 
an angular rotation step of 0.9o. For each angular 
position 50 images with an exposure time of 0.3 s 
were recorded and summed up to form a final image 
for the sample projection under this angle. After the 
summation the obtained final projections possessed 
an image dynamic of 32-bit grey levels, which is 
better than the recorded 12-bit single images. 
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The reconstruction algorithm was implemented in 
a self written IDL® [11]routine where the projections 
were normalized and prepared for tomography 
algorithm. After the tomography reconstruction the 
obtained 3D matrix was visualized by the 3D viewer 
software VG Studio® [12]. 

Figure 2 shows cross sections of a neutron 
tomography of a Lithium-Iodine-battery intended for 
a pacemaker device. The two pictures in figure 2 
represents a tomography slice through the battery 
before (fig. 2 left) and after (fig. 2 right) discharging 
the battery for about 1 month.  

This type of battery is made up of several coplanar 
plates of Lithium and Iodine. Normally it should last 
up to ten years. To discharge the battery more quickly 
it has been attached to a 200 kΩ resistor. But it still 
needs about 6 months to fully discharge the battery.  

After the first month an unexpected dramatic 
change in the Lithium distribution can be observed. 
Before discharging, the Lithium distribution (white 
colored) is relatively smooth as it was expected from 
the manufacturing specifications. After discharging, 
the Lithium distribution is no longer smooth, but 
characterized by strong discontinuities. This is an 
evidence for a significant material transport in the 
electrolyte, caused by the chemical reaction between 
Lithium and Iodine.  

This can also be seen in the 3D view in Figure 3. 
This figure shows the neutron tomography of a used 
Lithium-Iodine battery of a similar type. In this 
image the battery stainless steel case is rendered as 
transparent and the pure Lithium distribution is 
visible. The Lithium is arranged around a lattice-like 
vertical structure, that is typical for this type of 
battery   

In addition to the analysis of chemical processes 
inside the battery the identification of manufacture 
errors or defects are of great importance. In figure 4 
the case of the battery from figure 3 is shown, while 
the Lithium is transparent. In the sliced tomography 
some holes inside the case are visible ascribed to the 
manufacture process. Apparently the filling process 
does not work properly.  

The results of this investigation may help increase 
the life-time of LiI batteries used in pacemakers.  

 

3.2. Oil sediments in steel tubes 

An example, illustrating the advantages of neutron 
tomography can be seen in Figure 5. A steel tube 
containing graphite powder has been investigated as a 
test sample. Conventional radiography or 
tomography with X-rays show nearly no contrast, 
because of the high attenuation coefficient of steel 
and the comparably low one for the graphite powder 
inside. Using neutron tomography the graphite 
distribution can be separated from the steel material 
very well.  

To verify the resolution of the experimental setup, 
three pencil leads with 0.3, 0.5 and 0.7 mm diameter 
have been fixed inside the tube. The two thicker 
pencil leads can be seen, while the thinner one is 
below the resolution limit of the detector. In this case 
the sample was investigated at a larger distance from 
the detector of 5 cm, providing a larger geometrical 
unsharpness than the mentioned above 250 μm.  

What has been demonstrated with this test sample, 
can be applied on steel or aluminum tubes widely 
used in industry. A vent pipe containing some minor 
sediments of soot and oil has been investigated. A 
radiography is shown in Figure 6. The small bright 
spots around the knee of the sample are caused by the 
high beam attenuation in the hydrogenous based  
soot-oil mixture. 

Figure 7 shows a tomographic 3D view of the vent 
pipe and the sediments (dark marked). The volumes 
of the sediments were quantified using the 
classification tool of the 3D rendering software VG 
Studio®. They were estimated to be 0.6 mm3 and 8.1 
mm3 correspondingly.  

Such kind of investigations are very important for 
some safety inspections in the air craft or automotive 
industry. 

3.3. Real-time radiography 

The high flux at the new facility is also a 
precondition for real-time experiments, where fast 
processes are examined.  

As a test sample an aluminum model air-craft 
combustion engine was investigated. The dimensions 
of the motor were 70.9x69.7x31.4 mm3 (WxHxT) 
which fits well to the beam size of 30x50 mm2. For 
the first tests the engine was driven by a coupled 
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electromotor. On the crankshaft of the engine an 
aluminum disk with a slit and a photo sensor around 
it were placed in order to produce an exact trigger 
signal for the camera system.   

The collection of the data was based on the so-
called stroboscopic method at repetition processes. In 
this case an image set is recorded exactly at the same 
time point of the repetition process. After adding up 
of all the images for the corresponding time point, an 
average snapshot image with a better statistics was 
obtained. Using the time delay option of the camera 
software the whole combustion cycle was visualized 
by such “frozen” snapshot images.   

The experiment was performed with a rotation 
speed of the engine of 1110 rpm which corresponds 
to a mean linear velocity of the piston of 0.5 m/s at a 
piston displacement of 27.2 mm per stroke. The 
exposure time was set to 1 ms which determines an 
image blur due to the piston movement of 500 µm. 
For a defined piston position (time point) 200 images 
were recorded. The time delay between two piston 
positions was set to 1 ms.  The image processing was 
performed by a self written IDL routine where after 
correction and normalization of the collected images 
the average snapshot images were calculated. 

Two snapshot images at different times are shown 
in Fig. 8. As seen from the images  the statistics of 
the resultant images is good and image quality allows 
to recognize some details as the exhaust entrance 
seen as a bright area in the middle of the cylinder. 

The next step in this work will be to investigate 
the fuel injection in a running motor driven by a 
combustion process. 

 

4. Conclusion 

The experimental parameters and some industrial 
applications of the new radiography and tomography 
facility at Hahn-Meitner-Institut Berlin were 
presented. 

The flexibility of the experimental setup and the 
high flux of more than 109 neutrons/(cm2s) will be 
used in the future for a various industrial 
applications.  

Some first examples demonstrating the advantages 
of this new facility were shown.  
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Position I (high flux) 
(in operation):  
Neutron flux: 3x109 n/cm2s 
Beam size: 3x5 cm2 

Collimation ratio (L/D): 70 
Spatial resolution: ~250μm 

Position II (high resolution) 
(under construction):  
Neutron flux: ~ 107 n/cm2s 
Beam size: 15x15 cm2 
Collimation ratio (L/D): 500    
Spatial resolution: ~100μm 

Fig. 1: Schematic layout of the radiography facility at HMI  

Position I Position II 

NL1b 5m flight tube 

D = 1 cm
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Fig. 2: Cross sections of a tomography of a Lithium-Iodine battery 
before (left) and after (right) discharging. The material with high 
attenuation coefficient i.e. the Lithium is white. 

 
Fig. 3: Because of the high mass attenuation coefficient the 
Lithium can be separated from other battery components very well, 
thus the Lithium distribution becomes visible. 

 

 
Fig. 4: Neutron tomography of the Lithium battery. The sliced case 
and some holes inside are visible. The other parts are not shown.  

 
 
 
 

 
Fig. 5: Neutron tomography of a steel pipe containing some toner 
of a laser printer and two pencil leads with 0.7 and 0.5 mm in 
diameter. The toner distribution as well as the pencil leads can be 
seen.  

 
Fig. 6: Left: Neutron Radiography of a vent pipe made of steel 
containing small amounts of a mixture of soot and oil. Right: 
Enlargement of the area, where the soot can be seen. 

        

8.1 mm30.6 mm3 8.1 mm30.6 mm3

 
Fig. 7: Left: Neutron tomography of the steel pipe shown in Fig. 6. 
Right: The contaminations inside the tube have been separated for 
further investigations.  
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Fig. 8: Radiography of a running model aircraft engine (Left: 
Piston in the upper position, Right: Piston in the lower position). 
Because of the high flux the moving piston can be observed with 
an exposure time of 1 ms. The quality of the picture above has 
been enhanced by stroboscopic addition of several radiographies. 
 

 
 


