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ABSTRACT

A Study on the depth-dose Distribution of Single Energy E-Beam by
Material

Se Hee Oh

Advisor @ Prof. Chung, Woon—kwan
Depar tment of Nuclear Engineer ing
Graduate School of Chosun University

In Korea, despite the increasing number of electronic accelerator systems
operated, there is a lack of research results that systematically achieved
quality assurance of absorbed dose based on international standards. Unlike y
-ray irradiation using ®Co isotopes, ISO/ASTM 51649 specifies that quality
tests are conducted for more process factors, increasing the need for guidelines
on the quality assurance procedures for absorbed dose of electron beam
accelerators. Operational qualification testing generally includes matters on
depth dose distribution and electron beam energy calculation, average beam
current, conveyor speed, beam width, beam homogeneity, dose linearity, and
process interruption. As the operating range of the accelerators widens, more
diverse types of products and materials are being investigated. However, the
requirements for dosimetry depend on the nature of the product and the
irradiation process. |In particular, it is important to find a proper depth
because electron rays have a lower penetration depth than y-rays, so it is
necessary to establish the requirements for dosimetry according to the matter of
electron rays. Therefore, the purpose of this study is to test possible items
within the scope of the operation qualification test and present in detail the
dosimetry procedure of 0Q given in ISO/ASTM, and to analyze the depth dose
distribution of selected target materials under different dose conditions to
derive optimal survey conditions by substance. The contents of this study are as

fol lows. Operational qualification tests were conducted by verifying the major

_6_
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factors that could affect absorbed dose quality: electron beam energy, UBC speed
and dose linearity. The operational qualification test procedures were performed
in accordance with the dosimetry procedures given in [SO/ASTM and the dose
measurements were made using the B3 film dosimetry. Electron beam energy was
used with Aluminum wedge devices, and UBC speed tests and dose linearity tests
with Electron beam calibration phantom. The analysis of depth dose distribution
by substance was carried out by the following procedure. After selecting five
substances, each substance was prepared in plate form and then layers were
stacked to attach a B3 film dosimeter to irradiate the electron beam. In order
to derive the optimal irradiation conditions by substance, single-sided
irradiation and double-sided irradiation were performed under different dose
conditions and the relationship between depth dose and material density was
analyzed through the experimental results. Based on the results of the operation
qualification test, the electron beam energy averaged 9.71 = 0.03 MeV and the
relationship between UBC speed and dose was verified and dose linearity was
verified. In addition, the characteristics of single-sided irradiation and
double—sided irradiation were analyzed through the measurement results of depth
dose distribution by substance, and the relationship between density in the

survey target and depth reaching maximum dose was derived using this analysis.
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Fig 1.

High-energy electron accelerator
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Table 1. Electron accelerator specificationsli]

Machine parameter

Specification

Minimum beam energy
Nominal beam energy
Maximum beam energy

Minimum average beam current

Maximum average beam current

Range of pulsed beam current

Range of pulse repetition frequencies
Length of electron window in scanning direction

Minimum scan width at electron window
(power density)

Maximum scan width at electron window
(10 % under-scan)

MAximum average beam power at 10 MeV

9 MeV

10 MeV

11 MeV

0.1 mA

3 mA

30 mA - 440 mA
30 Hz - 600Hz

3000 mm

150 mm

2700 mm

30 kW
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S AMEE [ ES2 HiXIo et 8= 40| Bot)l 20 Aag H301
L ASo SaE At= BSIF Ot 2 2MO0ICH. ZEet ZUE ol HY EX
ot EE AlI2t=S HEoHH HEE2oi0F 8tCH. 8t PVC EE2 BE2HE2Z AEEY = 8
Ch. defth U2 280 HludS [ e &2 I, SAIM0l tiet =2 BlZdE, &
d Z2A(3J] &%, A 2, JtAl € [AM)0l e =2 HWES Y&s o=z
B2 4 UCH 2 AF0AM AISE B3 ZEQ =52 U2 €8 AW Bl ¢S6t
L Ar2l& 0l CHEF Sl2d BHMII0 28 HE2 Heds0l Ulk=s H0l HELZ &
SICt.
Table 2. Characteristics of the investigated film dosimeters
] Radiochromic ]

Dosimeter CTA FTR-125 53 LiF (Sunna) PVC

Composition H, C, 0, P H, C, N Li, F H, C, Cl

Thickness

(o] 0.127 0.020 0.245 0.260
A [nm] 280 556 245 396
Transparency High High Low High
Post-irradiat
ion thermal None 5min, 60 C None 30 min, 70 C
treatment
o
pe

0.00
0 10 15 20 25

Absorbed dose (kGy)

30 35 40

Fig 2. Dose response curve for the CTA film

_18_

Collection @ chosun



0.8 1

0.7 1 ¥ =-0.0003x2 + 0.0272x + 0.08692 /,:év//

R2I=0.9017 o
0.6 -

A-Ag
4

o 5 10 15 20 25 30 35 40
Absorbed dose (kGy)

Fig 3. Dose response curve for the LiF(Sunna) film

<
0.4 .
y=0.0002x + 0.0205x - 0.0084
0.3 R1=0.9945

o 5 10 15 20 25 30 35 40
Absorbed dose (kGy)

Fig 4. Dose response curve for the PVC film
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05 w\
’ 'L\‘
04 - \-\‘_ P
A -
< 03 -
02 g ¥=0.0002x2 + 0.007x + 00576
/ R2=0.9957
01 «
0
0 5 10 15 20 25 30 35 40

Absorbed dose (kGy)

Fig 5. Dose response curve for the B3 filml13]
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H 32 28 HA4d A

oQr

1. AO0[HSEEL =6 MXE 0U X

110 110
100 ~— (@ 100 . (b)
90 \ \ 90 B
80 ) 80 N N
_. 70 \ _. 70 M R
E 60 \ \ & 60 S,
a 50 |\ a 50 NS 15 MY
S 40 \ 2 40
30 619\ 12 \18MeVv 30 S oeMV
20 \ 20
10 . 10
0 \—‘—?— S —— e o L TR
0 5 10 0 = 10 15 20 25
Depth in water (cm) Depth in water (cm)

Fig 7. Typical central axis PDD curves in water for a 10 x 10 cm® field size
and an SSD of 100 cm for (a) electron beams with energies of 6, 9, 12 and 18
MeV and (b) photon beams with energies of 6 and 15 MV.
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2@l Bremsstrahlung tailOl UELlE SHO Q& WXicte 2012 FoE
R, = ZOIMSEEE 2469 Wl £F20I Bremsstrahlung tailOl LIEIHLE FHO 2
& 2012 FoZH HXQ EE 2010t HE 2 220ICH. E£8F R, 3t Ry 242
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100+
90 1

504

PDD (%)

Reo Rso Rp Rmax
Depth in water (cm)

Fig 8. Typical electron beam POD curve illustrating the definition of Ry, Ry, Rmax, Rso.
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N AldtE =0 ol Al (16), (17)2F &Lk,

Rso = 1.029R 5 ;o — 0.06 [g/cm?] (for Ry 10, < 10g/cm?) (16)

R50 = 1-059R507i0n —0.37 [g/sz] (fOl’R50’ion < 109/cm2)[15] (17)

IA

ABIM o2 AZ2(0|s K= L HUHXE =Hol=0 oI, 2 =20 A At
2= GEX Corporation® P4701 Risg HDRL 2I1A Aluminum wedges XEE [ JI2 12
cm AMIZ 14 cm MZ 2.9 cm SHE 22 16° 2=ZE JIECH. Aluminum wedgeOll BHXIGH

Of AZEE @23 UK IS WS A NENN BXS Y50l 2 X2A0l 8
NESS af0r B0 XS 220 F HASS A FH) € HIINS 2
2 e

Side view

Fig 9. Aluminum wedge and B3 film dosimeter[16]
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2 ==20 M AFEE GEX Corporation2 P1020 10 MeV electron beam calibration
phantom 2 HM& & Figure 100t 220 0 HE2 et JIE A (CA3 2O
ScAHAMQ 3 mm 22012 SEH, HHF 25 mm, FH 6 )2t EE HSHE SHSEICH 6
mm SHS ACH T 20 AIEE E<2 0l HE2 4 MeV 0I5t2 HIUXINA S AFE36EHD]
ol =&totCt. [19]

o

[ 2
3

polystyrene

Fig 10. Electron beam calibration phantom and specificationl20l
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Table 3. Measurement target of depth-dose distributionf22][23]

Polyethylene
terephthalate

Polyethylene

Aluminum

Polyvinyl
chloride

Acrylic

(PVC)
300 x 300

(PET)

300 x 300

(PE)
300 x 300

300 x 300

300 x 300

Size [mm]

x 20
2.6667

x 20

1.6111

x 20
1.2889

x 20

1.2056

x 20
0.9722

(WxDxH)
Density

[g/cm’]

Water
absorption

0.100 ~ 0.100 ~ 0.200 ~

0.005 ~

0.400 0.200

0.015

1.000

(%]
Thermal
conductivity

0.150 ~

0.450 ~
0.500

0.160

0.290

0.250

[W/m=K]
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Fig 11. Acrylic plate stack and aluminum plate stack in tray
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H 3 & 28 HA4d Mg 88 53

H 12 dXd lUXl 53

HAAE UKl £=20ls AKX B3 ZHE HHE F=0HH 15 kGy, 25 kGy, 30
FAIZI = 2GHACH. Figure 12

=
y =

FE SEES UEHWLD UA2H Table 4= ZO0IEEEE SHLEZRE
X £

>

AKX ZOolHE
SEE HTHA O
0

.03 MeVOIH &t

BN
~
rir
e
alll
=

o

Table 4. Result of the energy measurement

15 kGy 25 KGy 30 kGy Average
R, [cm] 2.12 2.14 1.93 2.06 £ 0.12
E, [MeV] 10.88 10.97 9.92 10.59 + 0.58
Ry, [om] 1.58 1.58 1.59 1.58 + 0.01
E, [MeV] 9.70 9.69 9.74 9.71 £ 0.03
41 wedoe 15kGy slope =——HE (slope)

Dose [kGy]
o N & o @m D

o
o
=
&
=
B
=
il
5
&

Deoth [mm]

Fig 12. 15 kGy aluminum wedge depth—dose distribution curve
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® Al vedoe 25k slope =——HE (slope)
B
30
L]
25 L]
gl
]
@
Eis
10
5
0
0 5 10 15 20 pd) 0 i3] 40 45
Deoth [mm]

Fig 13. 25 kGy aluminum wedge depth—dose distribution curve

o Al wedoe 30k Slope =3 (Slope)

30.0

Dose [kGyl
s = 8 R
o o o o

o
=

0.0
1] 5 10 15 20 ] 30

Depth [mm]

Fig 14. 30 kGy aluminum wedge depth—dose distribution curve
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H 2 & UBC £ d&2to &

Table 5= UBC £ 8 Azt =X ZME UEHHD UCH. A& GEX Corporationg
P1020 10 MeV electron beam calibration phantom2 0|23l ALY H UBC =
Z 5JtXI(3 m/min, 2 m/min, 1.5 m/min, 1.0 m/min, 0.5 m/min) ZXH22 LI+ 2 3

H |

n
HE|AUCH. Figure 15= AIE st ZH0l CHoll A& 2| A A

CIENES £ 22 =0l 2
A4S R22 0.997622 UBC == 2 1/D2tS 2= HEHES SXTHD UALE.
-—1/Dose —&E (1/Dose)
0.3
y = 0.0868x + 0.0064
0.25 R? =0.9976
0.2
[+
50.15

0 0.5 1 1.9 2 2.5 3 3.9
UBC Speed [m/min]

Fig 15. Dose trend by UBC speed

Table 5. Dose measurement results by UBC speed

UBC Speed [m/min] Dose [kGy] 1/Dose
3 3.80 0.26
2 5.47 0.18
1.5 7.10 0.14
1.0 10.53 0.09
0.5 22.30 0.04
- 31 -
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H 3 2 & d84

28 A0ldg=EE =HotJl Hol Jt=I] MO AAE0AM &8s 48 AX
ZAbE HE2Eel XH0IE =loh)| gt AgES oAU, 82 5 kGy, 10 kGy, 15
KGy, 20 kGy, 25 & UCH. UBC HT 2 HE2tol 2t

£ 2027 <&t

calibration phantom2 OlEst¥ el 1

0.9994=
2.67 % Olot=

Loo=2

NEANE E 26

XtOlJt Ol0l ot

ZUE OdeHZ=Z LIEHLACH. 23
UAD ZFE Hdg A ZAtE d&2t9

Measured Dose [KGyl
= =

Dose —& (Dose)

y = 1.0004x + 0.046
R® = 0.9994

10 15 20
Set Dose [kGyl

29

30

Fig 16. Trend of set dose and measured dose

Table 6. Measurement results of set dose and measured dose

Set Dose [kGy]

Measured Dose [kGy]

Difference [%]

5 4.97 -0.60

10 9.93 -0.70

15 15.40 2.67

20 20.03 0.15

25 24.93 -0.28
- 32 -
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H4% STE ANLYRE
&Y Ao|dHE2E =& A2 10 kGy,
HUA MSEHUCH 1 Z2UE Table 7~112F 20| LIEFLHALCE.
Table 7. Measurement results of depth—-dose in polyethylene
Set Dose [kGy]
Depth [mm] 0 5 0 5
2 8.60 13.50 17.70 20.90
4 9.20 13.90 18.40 21.00
6 9.40 14.10 18.50 21.20
8 9.70 14.50 18.90 21.80
10 9.80 15.00 19.00 22.40
12 9.60 15.10 19.40 22.85
14 9.90 15.40 20.00 23.40
16 10.20 15.30 20.00 23.70
18 10.00 15.50 20.30 24.10
20 10.40 15.30 20.00 24.30
22 10.40 15.30 19.80 24.00
24 10.40 14.90 19.20 24.00
26 10.00 14.30 18.90 23.60
28 9.80 13.70 17.90 22.60
30 9.30 12.70 17.20 21.30
32 8.60 11.50 15.30 20.35
34 8.10 9.80 13.90 18.55
36 6.80 8.30 11.80 17.25
38 5.90 7.10 9.50 15.00
40 4.80 5.20 7.10 12.90
42 3.70 3.60 5.50 10.70
44 2.70 2.50 3.70 7.80
46 1.80 1.50 2.30 5.40
48 1.20 1.00 1.20 3.20
50 0.70 0.80 0.60 1.70
52 0.30 0.40 0.30 0.70
54 Under Range 0.40 Under Range 0.30
56 Under Range Under Range Under Range 0.30
58 Under Range Under Range Under Range Under Range
60 Under Range Under Range Under Range Under Range
- 33 -
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Table 8. Measurement results of depth—-dose in acrylic

Set Dose [kGy]

Depth [mm] 0 5 20 o
2 8.80 13.50 17.40 21.00
4 8.80 13.70 18.30 22.40
6 9.00 14.20 18.70 22.60
8 9.30 14.60 18.90 23.10
10 9.20 14.90 19.20 23.60
12 9.90 14.80 19.40 23.60
14 9.70 15.30 19.70 23.60
16 10.00 15.40 19.90 23.80
18 10.00 15.50 19.90 24.30
20 10.20 15.70 20.10 24.60
22 10.70 15.90 20.00 24.30
24 10.40 16.00 20.10 24.50
26 10.30 16.00 20.50 24.50
28 9.90 15.50 20.30 24.30
30 10.10 15.60 20.30 23.80
32 10.00 15.10 19.80 23.20
34 9.50 14.50 18.90 22.20
36 9.00 13.70 17.90 21.40
38 8.10 13.10 16.60 20.00
40 7.60 11.90 15.10 18.10
42 6.60 10.20 13.50 16.50
44 5.70 9.20 12.30 14.30
46 4.80 7.30 9.80 11.80
48 3.70 5.80 7.80 8.80
50 3.00 4.40 6.10 7.30
52 2.00 3.30 4.30 4.80
54 1.30 2.00 2.90 3.40
56 0.80 1.20 2.60 2.10
58 Under Range 0.70 1.00 1.20
60 Under Range 0.40 0.40 0.60
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Table 9. Measurement results of depth—-dose in polyethylene terephthalate

Set Dose [kGy]

Depth [mm] 0 5 20 o
2 9.00 13.70 17.40 21.20
4 9.20 14.30 18.30 21.85
6 9.50 14.20 18.70 22.10
8 9.70 14..50 19.40 23.00
10 9.90 14.90 19.70 23.75
12 10.30 15.40 20.20 24.45
14 10.10 15.40 20.70 24.65
16 10.30 16.10 21.10 24.50
18 10.60 15.90 20.70 24.60
20 10.20 15.80 20.90 24.65
22 10.60 15.70 20.50 24.25
24 10.20 15.60 20.20 23.95
26 9.70 15.10 19.10 23.35
28 9.40 14..40 18.30 21.80
30 8.80 13.10 16.60 19.95
32 7.50 11.60 15.10 17.90
34 6.80 10.30 13.10 15.35
36 5.50 8.40 10.80 12.20
38 4.40 6.30 8.10 9.40
40 3.00 4.60 6.50 6.75
42 2.20 3.10 6.30 4.10
44 1.40 1.80 4.20 2.30
46 0.60 1.10 2.50 1.10
48 0.30 0.60 1.20 0.40
50 Under Range 0.40 0.60 Under Range
52 Under Range 0.40 0.30 Under Range
54 Under Range 0.30 Under Range Under Range
56 Under Range Under Range Under Range Under Range
58 Under Range Under Range Under Range Under Range
60 Under Range Under Range Under Range Under Range
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Table 10. Measurement results of depth-dose in polyvinyl chloride

Set Dose [kGy]

Depth [mm] 0 5 20 o
2 9.00 13.90 18.70 22.00
4 9.90 14.70 19.40 24.50
6 10.50 15.90 20.10 26.00
8 11.10 16.80 21.60 27.40
10 11.40 17.60 22.30 28.70
12 12.20 18.50 23.40 29.80
14 12.50 19.80 24.20 31.10
16 12.20 18.80 24.30 30.40
18 11.90 18.30 23.70 30.00
20 11.30 17.90 22.50 28.10
22 10.50 16.20 20.50 25.30
24 9.20 14.50 17.90 21.60
26 7.60 11.50 14.80 17.60
28 6.30 9.50 12.10 13.70
30 4.70 6.90 9.00 10.10
32 3.30 5.50 6.10 6.70
34 2.00 3.20 3.60 3.90
36 1.30 1.80 1.20 2.90
38 0.70 1.10 0.50 1.40
40 0.50 0.70 0.30 0.80
42 0.40 0.50 0.30 Under Range
44 Under Range 0.40 0.30 Under Range
46 Under Range 0.40 Under Range Under Range
48 Under Range 0.40 Under Range Under Range
50 Under Range 0.30 Under Range Under Range
52 Under Range 0.30 Under Range Under Range
54 Under Range Under Range Under Range Under Range
56 Under Range Under Range Under Range Under Range
58 Under Range Under Range Under Range Under Range
60 Under Range Under Range Under Range Under Range
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Table 11. Measurement results of depth-dose in aluminum

Set Dose [kGy]

Depth [mm] 0 5 20 o
2 9.30 14.20 18.80 22.60
4 10.60 16.00 20.50 25.50
6 11.70 17.40 22.60 28.60
8 12.40 19.20 25.30 30.20
10 13.00 19.80 25.20 31.00
12 12.30 18.70 24.40 30.00
14 11.00 16.60 21.80 26.30
16 8.70 13.30 17.20 21.10
18 6.10 9.30 12.10 14.70
20 3.70 5.70 7.10 8.60
22 Under Range 2.80 3.50 4.20
24 Under Range 1.10 1.40 Under Range
26 Under Range 0.60 0.90 Under Range
28 Under Range 0.30 0.60 Under Range
30 Under Range 0.40 0.50 Under Range
32 Under Range 0.40 0.60 Under Range
34 Under Range Under Range Under Range Under Range
36 Under Range Under Range Under Range Under Range
38 Under Range Under Range Under Range Under Range
40 Under Range Under Range Under Range Under Range
42 Under Range Under Range Under Range Under Range
44 Under Range Under Range Under Range Under Range
46 Under Range Under Range Under Range Under Range
48 Under Range Under Range Under Range Under Range
50 Under Range Under Range Under Range Under Range
52 Under Range Under Range Under Range Under Range
54 Under Range Under Range Under Range Under Range
56 Under Range Under Range Under Range Under Range
58 Under Range Under Range Under Range Under Range
60 Under Range Under Range Under Range Under Range
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Fig 17. Depth—dose distribution curve of polyethylene
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Table 12. Ropt, Rsee, Rso, R, measurement

results of various materials

Dose [KGy] Ropt [ mm] Rsoe [mm] Rso [mm] R, [mm]

10 32.00 41.00 39.18 49.40

P 15 28.00 38.00 36.74 46.93

20 28.00 38.00 39.43 50.17

25 31.00 42.00 40.43 52.22

10 36.00 47.00 44.64 56.92

_ 15 36.00 46.00 45.15 56.02
Acrylic

20 36.00 47.00 45,52 57.04

25 36.00 47.00 45,42 57.30

10 30.00 38.00 36.28 45.79

PET 15 30.00 38.00 36.18 45.57

20 29.00 38.00 36.07 46.49

25 28.00 37.00 35.90 45.49

10 24..00 30.00 27.97 36.68

15 24..00 30.00 27.74 36.74

Pve 20 24..00 30.00 27.90 36.39

25 24..00 30.00 27.11 35.61

10 16.00 19.00 17.68 23.57

_ 15 16.00 19.00 17.70 23.67
Aluminum

20 16.00 19.00 17.87 23.28

25 16.00 19.00 17.74 23.49
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