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ABSTRACT

This work studies the collimation effect in radiatidetectors on the image quality of the iCT scaninewhich
the path traversed by radiation beams is simila tan. The collimators were made of lead, 5 cnpdeed 12
cm high, with rectangular holes (slits) of 2 x 5 pdnx 10 mm (width x height) and circular hole ofriin
diameter. The matrix images reconstructed fromdda obtained with these collimation holes are qaresd.
The spatial resolution of the image depends org#mmetry of the collimator. One of the major adages of
narrow beam transmission tomography is the sodtallard field property. This property is capable of
producing high quality images, though it decredbescount value and it takes a longer time. In remtt a large
collimation diameter produces a fuzzy image buhwitfaster scanning time. Moreover, the enlargerogtite
aperture from 2 x 5 mm to 4 x 10 mm barely affébtsimage quality. The aperture from 4 x 10 mm &mdm
diameter presented similar quality image.
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1. INTRODUCTION

For the last years, industrial computed tomograf@¥) in Brazil has had its application in
non-destructive testing, for scientific studies.oda@y, the interest of a wide range of
industries, such as chemical and oil sectors inuge of computed tomography began to
appear in large number, for improving design, ofp@maand troubleshooting of industrial
processes. Computerized tomography for multiphaseegses is now a promising technique
and has been studied for advanced research cgéhiefs

The iCT systems based on transmission employ ay afrencapsulated radioactive sources
and detectors placed in opposite sides of the tedigebject. [5-8]. First generation
tomography systems consist of a source emittingliinated radiation linear beam and a
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radiation detector (Figure 1 A). The source-detesistem moves in opposite sides of the
object, measuring the attenuation of radiatioreaheposition.

In the second generation ICT systems, a set ofctbeteis placed opposite to a set of
radioactive sources, moving (source and detectoral the object under study, providing a
number of projections equal to the number of detsc{Figure 1 B). Sometimes, these
second generation systems, also, use multiple aetie sources in order to reduce the
analysis time of the system.

In the tomography of third generation, the souseallimated so that the path crossed by
beams is similar to a fan (Figure 1 C). The systamves around the targeted object,
obtaining a particular view for an "x" position tife source-detector array. In this type of
system, several sources and arrays of multiplecttegemay be used.

Finally, the so-called fourth-generation iICT sysseuse a fixed array of detectors (a large
number of detectors mounted on a fixed ring) anadgoactive source that moves around the
object (Figure 1 D). Records of any measurememtdgram the detector, representing a view
of the object. However, all iCTs are constituteasibally, of same parts: radioactive sources;
radiation detectors; a data acquisition systemaasuitable computer.

“TEN
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Figure 1: (A) translation - rotation of a beam in parallel (first generation), (B)
translation - rotation of multiple sources in parallel (second generation), (C) rotation of
a fan-beam (third generation), (D) detector fixed - rotation source (fourth generation).
D: detectors; F: source C: collimator, O: object of study .

Unlike the standard aspect of the ICT for medigapli@ation, tomography systems for

industrial process applications should be adamtede different size and geometry of objects
usually placed in an aggressive environment, whiohtains flammable superheated or
corrosive materials, and may be, eventually, saligebigh internal pressure: all these factors

bring in many difficulties for setting ICT devicemound the objects (Figure 2) [1, 9].
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Therefore, the development of special iCTs is megliinhibiting its production in large
scale. In addition, the industrial systems invally@amic processes and contain mixtures of
solids, liquids and gases where iCT is an excebptibn to see the phases distribution inside
the vessels [2-5, 10]. In other words, it is neags$o develop a tomographic system suitable
for each purpose in industry [4, 9].

Figure 2: Illustration of systems with multiphase processes in industry

At the IPEN laboratory, a third generation computethography system was developed. In
this configuration, Nal(Tl) multi-detectors aresitioned on an concentric arc to a gamma
source, which can b&%o, "°Se, **'Cs and /or'®d. The size of the detector array is
sufficiently large so that the entire object ishwit the detector field view at all times. The
source and the detector array remain stationary mispect to each other, while the entire
apparatus rotates around the object. Suitabletsehalve been found in experiments using
developed iCT scanners; however, in the designnoindustrial tomography system, it is
important to seek and study parameters for its avgment and to meet the requirement of
the high temporal resolution and high detectioncigiicy. One of the important parameters
that should be investigated is the geometry of theiation beam, since the process
interaction based on gamma rays by different mgawesiuces a number of secondary
radiations. The presence of this secondary radiatiangly influences the overall process of
the interaction of gamma radiation and diffusioecduse these scattered radiations may
reach the detector and be counted. To avoid tHaeimée of this phenomenon, the most
important requirement is to use a narrow-beam gagme which the photons, which are
incoherently or coherently backscattered by a senadle, are prevented from reaching the
detector [11]. The use of radiation absorber cdatons can prevent this problem. The
collimators are made with materials that attenggtenma rays, such as lead and tungsten,
with narrow openings (windows) that select gammeatqis in a small solid angle on the face
of the detector. For evaluating the collimationeeff lead collimators of different windows
were used to carry out the tomographic measurements
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2. EXPERIMENTAL PROCEDURE

A third generation computed tomography was develofoe industrial applications at the
CTR-IPEN/CNEN-SP [8-10]. In this work, an arrayfie Nal(Tl) detectors of 50 x 50 mm
(diameter x height) were positioned in a concerdaric sources of gamma ray and the set of
collimators and detectors around the object torfadyaed. In order to increase the number of
projection measurements in one view of the coluthe,number of detectors in the arc was
effectively increased by using a collimator thatve® across the detector arc (Figure 3). The
whole assembly of the detectors and the radiatbomce are mounted on a gantry capable of
being rotated around the object through a stepmeomeontrolled by a host computer. In this
work, five Nal(TI) detectors were used and indiadly collimated with lead. Three types of
the collimators were used in order to evaluate ¢b#imation effect on the radiation
detectors. Each collimator was made of lead, 50deap and 120 mm high, with rectangular
holes (slits) of 2 x 5 mm and 4 x 10 mm (width xgh¢) and circular hole of 5 mm diameter,
as illustrated in figure 4°Se and*’Cs radioactive sources were used for tomographic
measurements.

i
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450 Dimensions in mm

Figure 3: Top view drawing of the iCT used.

Figure 4: Photos of the collimators developed in
this work
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Previously, the five detectors were adjusted usinfCs source. The gain of each detector
amplifier was adjusted in order to maintain similapectrum profile. After that,
measurements for each detector were carried oung tisree different collimators and two
different radioactive source$ge (97 keV, 121 keV, 136 keV, 265 keV, 280 keV 400
keV and 137Cs (662 keV)), separately. After, theliprinary adjustments, tHéSe and*'Cs
sources were placed together into a lead shigh@itimrm the iCT measurements.

A multiphase phantom was designed and preparedrderdo be able of varying the
proportions of the phases (gas, liquid or solid)isTphantom consists of a 165 mm diameter
polymethyl methacrylate (PMMA) solid containing elerholes, being one filled with a steel
plug, another with an aluminum plug and the thing @mpty, as illustrated in Figure 5. The
idea was to switch the gas and liquid phases, whdmtaining the solids fixed.

Figure 5: Picture of the multiphase phantom

The array of five Nal(Tl) detectors and two differeadioactive sources™*'Cs and”*Se,
were placed together into a single lead collimatigstem. They were placed on the rotatable
gantry and the phantom, shown in (Figure 5), watalled in the center between the array of
detectors and the source. The gantry can be rotatashd the axis of the phantom by a
stepping motor that is controlled through a micomesssor. The size of the array of detectors
is sufficiently large so that the entire phantonswathin the field of view of the detectors all
the time. Moreover, the whole assembly can be mawmethe axial direction along the
phantom to perform a scan at different axial lewa#fighe phantom. (Figure 6) shows an
illustration of the third generation iCT with th@gantom in the center of the gantry. The data
acquisition board and the mechanical control usectweveloped at CTR/IPEN also [9, 10].
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Figure 6: Set-up of the third generation iCT.

The iCT scans were carried out, rotating at 36@Hwise of 6°, the table together with the
source and detectors around the column, gener@@ingews. The movement of the detector—
collimator assembly was controlled by another steppotor; the movement step for each
collimator was different. For rectangular holestg¥lof 2 x 5 mm collimator, the assembly

generated 47 ray projections per each detect@36r(47 x 5) ray projections per view;

totalizing 14100 (235 x 60) ray projections per gmaFor rectangular holes (slits) of 4 x 10
mm collimator, the assembly generated 23 ray ptiojes per each detector or 115 (23 x 5)
ray projections per view; totalizing 6 900 (235 &) 6ay projections per image. Finally, for

circular hole of 5 mm diameter the assembly gerdrd8 ray projections per each detector
or 90 (18 x 5) ray projections per view; totalizing00 (90 x 60) ray projections per image.

3. RESULTS AND DISCUSSION

The typical energy spectra 65Se (97 keV, 121 keV, 136 keV, 265 keV, 279 keV 400
keV)and®*'Cs (662 keV) [16, 17, 13] obtained for the detectollimated at different slits:
rectangular holes (slits) of 2 x 5 mm and 4 x 10 fwidth x height) and circular hole of 5
mm diameter are shown in (Figure 7). As it can bseoved in these Figures the Compton
region of *'Cs overlaps the 400 ke¥Se photopeak, while the 97 keV, 121 keV, 136 keV
*Se photopeaks are superimposed among them. Theopeladt at 265 kev can be
distinguished from the photopeak 279 kev only fa tollimator 2 x 4 mm aperture (Figure
4 A). A slight peak was observed in the spectruor. tRe other two collimators an overlap
between the two peaks 265 and 279 keV was fourgl(&i4 B and 4 C). A good linear
correlation between the different energies of gamausiation sources’Se and-*'Cs) and
channel number was found for the three types dincalors, as shown in (Figure 7).
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Figure 7. Graph energy spectra and graph linearityfor

simultaneously.

°Se and™®*'Cs sources measured

The reconstruction algorithms used was the Simetima Multiplicative Algebraic
Reconstruction Technique with Correction (SMARTQheiques and was implemented in VB
platforms. [12, 14, 15]

The tomographic measurements were carried outtsgjeanly the region between the 265

keV "°Se photopeak and

622 ke¥'Cs photopeak. Figure 7 shows the reconstructed

tomograms of PMMA solid phantom containing thredebp being one filled with a steel
plug, another with an aluminum plug and the tloing empty, at ~ 272keV (average energy
between 265 and 279 keV) and 662 keV for the tdiferent collimators. The results were
reconstructed in 141x141 pixels images and 2566xd2el images.
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Collimator 265 and 279 keV/ 265 and 279 keV / 662 keV / 662 keV /
Opening 141 x 141 256 x 256 141 x 141 256 x 256
2 X4 mm
4 x10 mm
@5 mm

Figure 8 — Reconstructed images for different coltnator slits at 265, 279 keV and
622keV.

As it can be observed in Figure 8, the images nbthusing 2 x 4 mm collimator slit present
an enhanced resolution in relation to 5 x 10 mmnasid circular hole of 5 mm diameter. As

the opening dimension increased the image defmivorsened. The best image resolution
obtained by smaller aperture collimator can be a@rpd by the greater amount of projected
rays (view). For 2 x 4 mm collimator slit, the asddy generated 47 ray projection per each
detector or 235 (47 x 5) ray projection per vieatalizers 14100 (235 x 60) ray projection

per image, while for 4 x 5 mm collimator, the asbgngenerated 23 ray projections per each
detector or 115 (23 x 5) ray projections per vigwtalizing 6 900 (115 x 60) ray projections

per image. Finally, for circular hole of 5 mm diaerethe assembly generated 18 ray
projections per each detector or 90 (18 x 5) rajeations per view; totalizing 5 400 (90 x

60) ray projections per image.

On the other hand, better images were obtaine@7arkeV °Se energy compared to 662
keV 3Cs, since it presents artifacts in the center efithage due to the high attenuation
coefficient (Table 1). Both, 141 x 141 pixels imagad 256 x 256 pixel images presented no
significant difference concerning the image qualifyhe best image was found for
tomographic measurement carried out with 2 x 4 ritrcsllimator and 273 keV from°Se
source, however, the time spent for the measuremméoriger, as summarized in Table 2.

INAC 2013, Recife, PE, Brazil.



2013 International Nuclear Atlantic Conference AGI 2013
Recife, PE, Brazil, November 24-29, 2013
ASSOCIACAMRASILEIRA DEENERGIANUCLEAR- ABEN

| SBN: 978-85-99141-05-2

Table 1: Material Mean Densities and Attenuation @efficient of °Se and**’Cs. [16, 17, 18]

Material Density Attenuation Attenuation
(g/cm3) coefficient °Se (i) coefficient™>'Cs ()

Polymethyl methacrylate 1.18 0.219 0.099

Aluminum 2.697 0.290 0.203

Iron 7.874 0,944 0.605

Air 1.225 x 10° 1.200 x 10 1.060 x 10

Table 2: Number of ray projection per image and tme spent for TC measurement.

Collimator Points Time (minutes)
2X5mm 14,100 470

4 x 10 mm 6,900 230
5mm @ 5,400 180

4. CONCLUSIONS

The best image was obtained with the collimatorexftangular holes (2 x 5 mm slits)
compared to that with 5 x 10 mm and, circular haflde mm diameter, probably due to its
greater quantity of 14,100 ray projections per iemag relation to 6,900 and 5,400 ray
projections per image, respectively. Smaller cadliilon slits produced images of higher
guality, although decreasing the counting valueiantkasing the iCT measurement time. On
the other hand, the enlargement of the slits, fBoxld mm to 5 x 10 mm and 5 mm diameter,
affected the image quality, but a faster scannimge twas reached. The iICT measurement
times were 470, 230, and 180 minutes for 2 x 5 rABnx, 10 mm and 5 mm diameter,
respectively. For the materials used in this wakk Fe, Air and PMMA), the best image
guality was obtained for the 265 keV from the 758erce compared to images obtained
with 662 keV from 137Cs.
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