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The aim of this research is to set up a portable fast neutron radiography (FNR) system and to test it for use in non destructive testing of different composite materials. FNR systems provide
distinctive advantages in non-destructive evaluation of thick composite materials. Other traditional techniques, such as X-ray, gamma ray and thermal neutron radiography do not meet FNRs capabilities in
this area. The FNR images are produced directly during exposure; the neutrons create recoil protons, the protons activate a scintillator screen, the images can be collected with computer controlled CCD
camera and the final picture can be saved on computer for the image processing. Experiments were carried out by using fast portative neutron generator Thermo Fischer MP320 at Cekmece Nuclear
Research and Training Centre.
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4"*%4..3 ‘thicker object [2-5].
1 The FNR systems in generally consist of three parts,

1 Ineutron generator (must produce suitable neutron beam),
IT converter or detector and
1 III adevice to record the radiation intensity. Figure 3- a) Scintillator screen (27x27 cm).b) The SEM image of the ZnS Figure 6- a) Normal and b) FNR image of the lantern sample.
L ,;_ 'In fast neutron radiography systems neutron generators are usually (Ag) scintilator,

% accelerator based which requires a particle accelerator and a target. The mirror was necessary to avoid direct neutron irradiation of the CCD
| Pr'o‘ron or deuteron beam is accelerated to the desired energy and camera. Furthermore, additional shielding was required to protect from
' * ibombards the target material to produce fast neutrons by a nuclear other radiations. The lens focuses light on the CCD chip and helps to
.~ wreaction. In our study a sealed DT neutron source was used. Fusion of a collect more light. As a CCD camera we used Hamamatsu ORCA-BT-1024 &

. '. deuterium and a tritium atom (D + T) results in the formation of a He-4 ion type, High Resolution, 1024x1024 pixel BT(Back Thinned)_CCD Cooled

= wand aneutron with a kinetic energy of approximately 14.1 MeV [7]. digital camera.
= Scintillation detector is used for FNR imaging as a converter or detector 3 Some image examples
"+ '5[38]. Fast neutrons are scattered by hydrogen nuclei and the recoil
% protons produced are absorbed in a scintillation plate. The scintillated
'.4'! product is in the visible wavelength range. Each neutron interaction with a
scintillator may, therefore, be considered as a point-like light source
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+  Different radiography imaging techniques such as x, gamma and neutron - "? s AT iq', | ;f;f;;féia;
o .__' [ a 9 a 1 = -.-I. ‘.F-. . = .'{"r"'_
AT T s grapy are well established techniques for the non destructive testing : '1'1 > A SR % s /8 Lﬁ:%;’
~ = (NDT) of materials. But FNR is relatively new and is being developed [1]. £ ;ﬁa L ’*@ Aty
e : : : . ; : Rt N o T e -
¥ Using this fechnique all materials such as high density metals, loaded 8.7 oA £.L08 I ;.
k3L plastics, cadmium, lead, tungsten, concrete etc.. can be analyzed. Compare e !_,-;- RS ot
. 2to the other techniques fast neutrons enable non-destructive testing of pn. L
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Third test image shows the detection of the iron in concrete. Fir's’rly,jj
molds with two different shapes were prepared. One type is cylindrical (6 ST
cm radius) and the other one is triangle (30x40x50 cm). Iron with s
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different thicknesses and shapes were placed in steel molds.Then C30 type 5% = =
concrete poured. After waiting for the concrete to dry, samples were Eﬁgﬁ’
o

removed from the mold to take FNR image. Image processing techniques ri;:'?&:—ﬁ
were applied after the images were taken. Because iron and concrete %f:f}g{
materials have nearly same neutron absorption coefficients, it is difficult F:.-" ’;«tf'-},
The first tests of the imaging system were performed with plate composed +o distinguish contrast. At Fig.7a 3 different shaped irons could easily be i & '
of Plexiglas substances (90x90x20 mm) (Fig. 4a). Upon the plate different seen. Moreover even contrast difference of curves of the iron and bold nut E e

radius and deepths holes were formed. The radius and deepths of the holes parts were remarkable. The image of the triangle sample also has an ,f" -a

. ' T ‘\-'-'1-,- Ty
e . g . were between 5 o 12 mm and 5 fo 15 mm respectively. The numerical gray important value (Fig.7b). The thicknes of the concrete block started from Et‘"-‘;’ﬂﬂ"'
. % producing rather significant number of optical photons [9]. At FNR systems | | ¢ the plexiglass sample was determined and the values of the signal

neutron detectors work in an integrated mode. That is individual neutrons
4 are not counted.

2 cm and ended 30 cm. Almost all of the iron rods were seen from FNRZ
to noise ratio (often abbreviated SNR ) were shown at Table 1. SNR is a image. Fig. 7d shows gray levels of the iron rods against pixel dimension. & *

N T thic <tud h v d ATy R R P + measure used in science and engineering to quantify how much a signal has This result demonstrates that iron rods and their thicknesses in concrete 5i
5" This sTudy we have only demonsirated a portable digital Tast Neutron \,,.n corrupted by noise. It is defined as the ratio of signal power to the

"-‘#1"'-*{‘ radiography system and some images of the different composite materials
to show efficiency of the system. The some parameters of the systems

structures can be seen with non destructive FNR techniques. This feature si

noise power corrupting the signal. A ratio higher than 1:1 indicates more may be used, especially to control of the soundness of the buildings with a f &
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signal than noise. The higher the ratio, the less obtrusive the background non destructive way. %;1" Fgtey
i which are used to describe image, like a spatial resolution, contrast - o
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1 sensi‘rivi‘ry, detective quantum efficiency, dynamic range and temporal
L5 % resolution will be discussed another paper.
" 2 Description of the systems

noise is. As a seen at Fig. 4b and Table 1 the resolotion of the system is
pretty good so contrast of the holes are clearly distinguished according to

their sizes.

. & The FNR system was designed as shown at Fig.l. Aluminum sheets were
&%.' .choosed for the construction material of the optic box because of their
f short half life activation when interaction with fast neutrons. Inner wall of

. 'l the optic box was painted matt black color to prevent light reflections.
" I After the light leakage tests the CCD camera was mounted. The optic box
= system was exposed to light sources from out side to confirm that there is
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Figure 7 a)FNR image of the different thicknesses of the irons in -.,:?:’Z"Yaﬁ
LS

concrete - *“1-1_&}9,,11{’

%‘" no light leakage without neutron sources.
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Murgor _
‘\i%( / Figure 4 a) Plexiglas sheet (upon the plate different radius and depths holes were
= | {j[: : : formed). b) FNR image of the plexiglass sheet.
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p—— N Table 1 The values of the signal to noise ratio (SNR) of plexiglass sample.

cchC
HHH \ — Radius Deepth
Object 15 mm 10 mm 5 mm

:_:[ 12 mm 5,31 3,566 2,32
Neutron
Source 8 mm 5,20 3,39 2,10
5 mm 5,15 297 194

b)FNR image of irons in triangle shaped molds

Figure 1. Fast neutron radiography system

s In another test to show the response of the radiographic system against
-5 Accelerafor based portable neutron generator was used as a source 4, the different composite materials, different shaped and content

Lo o
A F T ST - , . < "r\"\\ B AR eE b
A (Thermo  Scientific Fischer MP320) (Fig.2). The generator uses DT wpaterials collected together in a container. For this purpose half full 'E, H"“-—%ﬂ"‘
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. 4 mreactions and produced 14.1 MeV energetic neutrons with ~1x10% n/cm®/s ggphesive gum tube and cylindrical shaped aliminium block were placed in an "’;fé:ﬁ
. "flux at 80 kV'terminal voltage and 60 mA ion beam currents. In FNR YEA R : : : : - 'ﬁ%"ﬁ
e it 9 , _ " emty cylindrical container. Fig.5a and Fig. 5b shows normal and FNR image m e
oA systems scintillation screens are generally used (plastic or inorganic ;¢ +the materials, respectively [11]. The FNR system did not only - %Mgg",
S ‘5‘:'"“"?1":"’5_)[3;9*10]+ Because of their SenaLellyiee T!"E fast neutrons, gistinguished different composite materials but olso showed different . _ _ _ _ | rﬁﬁaﬁ'ﬁ
& l SRR Inorganic scintillators ZnS(Ag) were prepared (silver activated ZnS( % 30) contrast on the emty side of the half full adhesive gum. The other example ¢ 200 0 600 o 1000 1200 %?-‘ L,
o f granule size 20 mm dispersed in polypropylene %70) with dimensions 27x27 is 4 |antern which include plastic, copper wire, some metals and litium Pixel i
‘. ‘=cmoand 2.4 mm thickness. The SEM scanning electron microscope) and pattepy. The FNR image shows different gray levels against to all materials Lﬁ%ﬁ’

normal image were shown at Fig. 3a and Fig. 3b, respectively. A mirror, a of the lantern sample (Fig. 6a and Fig, 6b) [11]

c) Gray levels of the iron rods against pixel dimension.
+ & lens and CCD camera were used to the record the image.

4 Conclusion

Although gamma, x-ray and neutron radiographies are a well-known s =

techniques but FNR is quite new and unfamiliar. The most impor"ran‘rf T
= superiority of the FNR to the other radiography techniques is the larger %‘;:;'

:-, depth of penetration in the non destructive testing of thicker objects. In :
this study, FNR images were taken for materials with different rﬁf%;“;"}
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compositions. According to our results FNR techniques can be successfully EE,

applied for industrial applications or research.
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