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A new code based on the PENELOPE system has been worked out for simulation and optimization of product

processing modes on LU-10 technological accelerator (8.

.18 MeV, 12 kW) with scanned electron beam. The results

of simulation of 3D absorbed dose distributions in objects of rectangular shape and similar to real plant geometry
and irradiation parameters are presented. Influence of object size, its composition and density, walls, energy spec-
trum of the beam and other factors are studied. The causes of the dose distribution irregularity as well as the meth-

ods of its decreasing are discussed.
PACS: 87.50.Gi, 87.53.Wz

1. INTRODUCTION

Growing demands for a higher quality of radiation
processing of products [1] forces to investigate in more
detail the factors affecting the results of radiation. In
particular case, the absorbed dose (AD) distribution uni-
formity in the object volume depends on electron energy
spread, air, dimensions, compound and density of ob-
ject. In the present paper the results of investigation by
the simulation method, the influence of these factors on
AD distributions in objects irradiated at the technologi-
cal accelerator LU-10 [2] are described.

The calculations were performed for three materials:
cellulose of 0.1939 g/cm® average density over box vol-
ume, rubber grit of 0.4 g/cm® density, polyethylene of
0.94 g/cm® density. It was assumed that the irradiated
material has a homogeneous structure and rectangular
form. Under these conditions the absorbed radiation en-
ergy distribution dependencies on high, width (trans-
verse distributions) and depth (longitudinal distribution)
within an object have been investigated. The quality de-
gree of the AD distribution was estimated with a non-
uniformity coefficient:

NUD=(Dmax-Dmin)/(Dmax+Dmin), (1)
where Dmax, Dmin are the maximum and minimum
values of AD within object.

The simulation is based on the PENELOPE code
system [3] added with set of original programs applied
to the specific circumstances of the LU-10.

2. DISCRIPTION OF LU-10

LU-10 is the one section electron line accelerator
equipped with a scanner system spreading beam elec-
trons in the vertical plane XOZ [2]. Horizontal Z-axis is
directed along the electron movement. The XOY co-
ordinate plane coincides with the foil front surface of
the exit window. Y-axis is directed along the conveyer
movement. Real linac parameters, used for simulation,
are described in paper [2].

Beam electron characteristics (energy spectrum, ra-
dial and angular distributions) beyond the foil, in air, at
front wall of the object are shown in Fig.1-2.

In Fig.1 the spectrum, simulated by special code, is
shown in comparison with experimental spectrum val-

ues. In the same figure the electron spectrum of the irra-
diated object is presented.

0,7 -
0,6
2 Spectrum at the obje Simulated spectrum
‘% 0,51
5
© 0,4 m  Experiment
2
=03
< \
<
© 0,2 f/
; [ S
alcy - \Q'.\.\,
G Ry
0,0 e
6 7 8 9 10 11 12 13 14
Energy, MeV

Fig.1. LU-10 electron spectrums

Average spectrum energy is equal to 11.5 MeV, i.e.
higher than its value of 10 MeV at maximum. After
passing the exit window foil and air the spectrum has a
maximum at energy of 9.6 MeV. The beam electrons
produce a circular cone of scattering with its apex at the
first foil wall. At the front object wall 99% of beam
electrons are within cone of 18 cm radius and have the
angle straggling up to 20 degrees.
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Fig.2. Radial and angular distributions of beam
electrons after passing of 50um Ti foil and 25; 50, 75,
100 cm air

3. DOSE DISTRIBUTION SHAPING

3.1. The mechanism of shaping of local (point)
dose is important to believe of origination of non-uni-
form dose distribution in the object on whole. In Fig.3
the AD distributions in cellulose (curves 1), rubber
(curves 2) and polyethylene (curves 3) from the 10MeV
electron point source are demonstrated. The dash line
corresponds to particles flying from the source to the
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object in vacuum, the solid line is the same for the parti-
cles passing the foil and air.

The AD depth distribution shapes from electrons
passing vacuum are defined by the stopping power and
scattering material possibilities (Fig.3,a dash lines).
Less AD region size from electrons passed foil and air
are because of inessential electrons energy losses in air.

Radial absorbed energy region sizes for electrons
passed vacuum are defined only by possibilities of scat-
tering material (Fig. 3,b dash lines).
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Fig.3. AD distributions on depth and radius

The region sizes depend on materials and may be
from several centimeters up to 10...15cm. For the
points near the object surface, the absence of material in
the corresponding transverse direction reduces AD. In
corner points the reduction is more appreciable, because
the material reflecting electrons is absent in three direc-
tions.

The presence of air makes the radiated surface larger
and the AD distribution is more uniform. (Fig.3, solid
lines). So the transverse AD region size becomes more
increased.

3.2. Dependence of dose distribution on depth is
shown in Fig.4. In this case rubber was irradiated at the
same exposition by 10 MeV energy electrons. In Fig.4
the AD distributions for two box depth sizes: 16 cm
(curves 1) and 20 cm (curves 2) are demonstrated.
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Fig.4. AD distributions in rubber

The one-side depth dose distributions in both cases
are the same (Fig. 4,c). The NUD derived by two-side
irradiation against the height and width are practically
not changed (Fig. 4,a-b). The reductions of dose at side
surfaces are seen well. In the middle of the object of
16 cm depth there is a wide maximum of dose and rela-
tively high NUD=0.39 (Fig.4,d). However, if the depth
to be increased reaches up to 20 cm, the value of
NUD=0.12 become satisfactory.
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3.3. Since the average spectrum electron energy is
1.5 MeV more than its value at spectrum maximum, the
real spectrum dose distribution is greater a little then
that value for the 10 MeV monoenergetic electron
beam. Particularly, the AD distribution curve 2 in
Fig.4,d against depth has again maximum and NDU be-
comes 0.15. However, if the object depth is extended
from 20 to 21 c¢cm, the NUD decreases up to 0.09.

3.4. We made calculations to affect the box walls
on dose distributions in cellulose. Generally, the prod-
ucts come in processing in goffered cardboard boxes of
0.14 g/cm’ density. Four-side box walls are 3 mm thick
and two wall-lids of 5 mm thick. For the object without
walls the NUD=0.15, 0.20 against width and height, re-
spectively, and NUD=0.15, 0.16 for object with walls.
Effect is considerable, when the thickness of sidewalls
is increased up to 5 cm. In this case the abrupt dose de-
crease regions near the walls become considerably
smaller and dose non-uniformity become NUD=0.04,
0.06. In these cases the walls are material continuation
of product and as a result the dose becomes more flat-
tened.

We calculated AD inclusive of aluminum tare walls
of 1.5 mm thick. Coefficients NUD=0.16, 0.19 are prac-
tically the same values as in the case for cellulose walls.
The integrated AD within the object in this case is little
less because an inconsiderable part of energy loses in
front aluminum tare wall.

3.5. The air plays important role, because it creates
the primordial radiation anisotropy of field on the ob-
ject, necessary for uniform irradiation of the object.

We are investigated the influence of X-, Y-side air
layers on uniformity dose distributions. The results are
shown in Fig.5. The rubber was irradiated when the
beam exposition is the same.
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Fig.5. The influence of Y-side air layers (a) and the
scanner amplitude (b) on the absorbed dose distribu-
tion in rubber
In Fig. 5,a the influence of nearest Y-side air layers
on NUD is presented. For this aim the bounded scanner
work time was simulated. Curves 1 (layer is 0 cm) cor-
responds to the case when the scanner works only dur-
ing the object crosses the scan-plane. Curves 2 (layer is
5 cm) correspond to the case when the scanner starts to
work, when the distance between the scan-plane and ap-
proaching object surface is 5 cm, and finishes to work
when the object passes the scan-plane and is 5 cm re-
moved from the scan-plane, and so on. The results
show, that theY-side air layers do not practically affect-
ed on dose distributions against heights, but appreciably
improve the uniformity against width, decreasing NUD
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from 0.29 to 0.05. The air layers, which are removed
more then 20 cm, do not practically improve NUD.

In Fig. 5,b the influence of upper and lower air
layers on NUD is shown. For this aim the scanner am-
plitude was changed. Curves 1 corresponds to the case
when the deviation of the beam axis on the front object
wall exceeds the object height more than by 0.5 cm
above and below. Curves 2 correspond to the case when
the spread of beam axis exceeds the object heights more
than by 3.5 cm above and below, and so on. The calcu-
lations show, that vertical air layers do not practically
affect on dose distributions against width, but apprecia-
bly improve the uniformity against height, decreasing
NUD from 0.29 to 0.09. The air layers, which are higher
more then 23 cm, do not practically improve NUD.

3.6. The technological screen is the aluminium
sheet placed before the object to be irradiated. It was
used as means of formation of the uniformity dose dis-
tribution against depth. In our calculations the thickness
of screen was enlarged up to 8§ mm under unchanged ex-
position. The non-uniformity of the dose distribution
against height and width did not practically vary. At the
same time the NUD against depth is appreciably de-
creased from 0.14 to 0.02.

5. CONCLUSIONS

1. When two-side irradiation occurs the electron en-
ergy spreading decreases the absorbed dose non-uni-
formity against depth.

2. Tare walls of cardboard or aluminium up to
1.5 mm thick do not appreciably influence on the uni-
formity of absorbed dose distribution.

3. The air layer surrounding an object plays an im-
portant role for shaping of transverse dose distributions.
The thickness of layer is approximately equal t the scat-
tering cone radius at the object place. Thus the optimal
distances between the objects on the conveyer and the
scanner amplitude are determined.

4. The more uniform dose distribution against
thedepth may be obtained by several ways:

- Changing of electron energy,

- Making of special tare boxes with metal walls,

- Using the technological screens.

REFERENCES

1.  ISO 11137-1994. Sterilization of Health-Care
Products (HCP). Requirements for Validation and
Routine Control Radiation Sterilization.

2. AN. Dovbnya et al. Electron Linacs Based Radi-
ation Facilities of Ukrainian National Science
Centre “KIPT” // Bull. of Amer. Phys. Soc. 1997,
v. 42, Ne 3, p. 1391.

3.  Francesc Salvat, José M. Fernandez-Varea,
Eduardo Acosta, Josep Sempau. “PENELOPE-A
Code System for Monte Carlo Simulation of Elec-
tron and Photon Transport”/ Nuclear Energy
Agency, Organisation for Economic Co-operation
and Development, November 2001.

IPUMEHEHHUE ITPOT'PAMMHOM CUCTEMBI PENELOPE JIJISI COITPOBOXKJIEHU S
PAJIMAIIMOHHO-TEXHOJIOTHYECKUX ITPOIECCOB HA YCKOPUTEJIE J1Y-10

C.IL. Kapaces, B.H. Hukudghopos, A.3. Tenuwes, B.JI. Yeapos

Jlist MoenpoBaHuA M ONITHMHU3AINU PEXUMOB 00pabOTKM MPOMYKINU Ha TEXHOJIIOTHYECKOM yckopurene JIY-
10 (8...18 MaB, 12 kBT) co ckaHupyeMbIM IIy9KOM JIEKTPOHOB pa3paboTaH MaKeT Ha OCHOBE MPOTPaMMHON CHCTe-
Mbl PENELOPE. TlpuBeneHsr pe3ynbraTsl MoaenrpoBaHus 3D pacrpeneneHuil MOTIOMIEHHONW 03Bl B 00BEKTaxX
IPSMOYTOJIBHON (OPMBI TIPH OJIM3KUX K peasbHBIM T'€OMETPHH YCTAHOBKH U YCIIOBUSIM oOnyuenus. PaccmarpuBaer-
Csl BIIMSIHUE Ha TTOJIy4aeMble pacipeieieHus pa3MepoB 00beKTa, ero CoCTaBa M INIOTHOCTH, CTEHOK, SHEPTeTHYECKO-
ro pa3bpoca JIEKTPOHOB, a TakKe ApYrux (akropos. MccnenyoTcs Npu4MHBI HEPABHOMEPHOCTH paclpeeleHus
MOTJIOIEHHOM JTO3BI M ITyTH €€ CHIDKEHUSL.

3ACTOCYBAHHS ITPOTPAMHOI CHCTEMH PENELOPE JIJISI CYITPOBOIKEHHS
PATIAIIMHO-TEXHOJIOTTYHUX MPOIECIB HA TIPUCKOPIOBAUI JIII-10

C.IIL. Kapacvos, B.1. Hixighopos, A.E. Teniwes, B.JI1. Yeapoes

s MonieroBaHHS # ONITHMI3AIlii peKUMIB OTIPAIFOBAaHHS MPOAYKIlii Ha TEXHOIOTIYHOMY TiprckoproBadi JIY-10
(8...18 MeB, 12 kBT) myukoMm eneKTpoOHiB, KA CKaHY€THCS, po3po0ICHO MAKeT Ha OCHOBI MPOTPaMHOI CHCTEMH
PENELOPE. HaBeneno pe3yibprati MojentoBanHs 3D po3modisiB MOTIHHEHOI 103U B 00'€KTaX MPsIMOKYTHOI (op-
MU IpU OJU3BKHX JI0 PEaTbHUX FeOMEeTpii yCTAaHOBKH M yMOBaM ONpoMiHEeHHS. Po3risnaeTsbes BIUIMB HAa OTPUMaHi
po3noim po3MipiB 00'ekTa, HOro CKJIAy i MIITBHOCTI, CTIHOK, EHEPreTUYHOIO PO3KH/Y €JIEKTPOHIB, a TAKOXK 1H-
mux ¢axTopis. JoCiHiKyOThCs IPUYMHN HEPIBHOMIPHOCTI PO3IOIiITY TIOTIIMHEHOT I03H 1 CIOCO0iB 11 3HMKEHHS.
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