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Abstract

As a result of industrial development, pollution of rivers, seas, and other aquatic environments by persistent substances
contained in wastewater has become a problem. Pulsed Intense Relativistic Electron Beam (PIREB) irradiation has been
investigated as a treatment method for persistent substances. In this study, irradiation experiments and numerical
simulations were performed to calculate the yield of OH radicals produced by water radiolysis in aqueous NaCl solutions
irradiated with PIREB. As a result, the yield of OH radicals produced in this irradiation experiment was calculated to be

3~5[mg].
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Figure 2: Typical acceleration voltage waveform.
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Figure 3: Typical beam current waveform.

Table 1: Nominal Values of ETIGO-III (1cell)

Input current 15 kA

Input voltage 672 kV

Output current S5kA

Output voltage 2 MV

Pulse width 50 ns (FWHM)
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Figure 4: Setup for irradiation experiments.

Figure 6: Pack test used for the measurement of H,O,
concentration.
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Table 2: Chemical Reaction Equations for Radiolysis of
Pure Water Used in Numerical Simulations

Reaction rate
coefficient k*

No. Reactions

1 e +e +2H.0 — H:+20H 644x10°

2 e +H+H0O — H,+OH™ 2.64x1010
3 ¢ +OH — OH 3.02x101°
4 e +H0,— OH+OH™ 1.41x101°
5 ¢ +0: — 02 1.79x10%°
6 H+H— H 5.43x10°

7 H+OH — H0 1.53x10%°
8  H+H0, — OH+H0 5.16x107
9 H+0: — HO: 1.32x1010
10 H+HO: — H0: 9.98x10°
11 H+0, — HO:” 9.98x10°
12 OH+ OH— H,0» 4.74x10°
13 OH+H:— H+H0 4.15x107
14  OH+H:0, — H.0 + HO» 2.87x107
15 OH+HO:— 0,+H,0 1.08x10%°
16 OH+0. — 0+OH 1.10x10%°
17  HO:+HO: — H;0, + 0> 6.64x10°
18 HO:+0: +H0 7.58x107

— HO0:+ O+ OH™
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Table 3:Irradiation Dose Measurement Results

position dose[kGy]

[cm ] X Y
6 15.571 17.2217
4.5 35.819 35.388
3 59.020 56.110
1.5 56.110 53.863
0 51.148 51.148
-1.5 52.765 53.863
-3 56.110 57.842
-4.5 35.819 35.388
-6 16.560 15.899

Table 3 J04 [H10D PR SEBR CHAST SRR I3 A K
T 59.0 kGy. #/NT 15.6 kGy THHZENTERTED,
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Figure 7: Standard color of pack test (low concentration).
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Figure 8: Standard color of pack test (high concentration).
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Figure 9: H,O, concentration measurement results (left:
low concentration, right: high concentration).

Figure 7. 8,9 XV, 4 [E10D G F2E5R TH RSz
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W5, RS LI EN R 5720 MK R R
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8.17~12.57 ml/L &72%, #li/KDFfEHRE NaCl /KIFIE D
RO EE AW, ik E NaCl KR OZF Il
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(5 +7)/2}/{(8.17 + 12.57)/2} = 0.58 (5)
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Table 4: Parameters Needed to Estimate Hydrogen
Peroxide Yield

Relationship between PIREB dose 0.056 mg/kGy
and hydrogen peroxide

Amount of pure water sealed in 0.227L
irradiation vessel

Irradiation dose (maximum) 59.0 kGy
Irradiation dose (minimum) 15.6 kGy
Ratio of hydrogen peroxide 0.58

concentration produced by PIREB
irradiation of pure water and NaCl
solution

Table 4 (IR T /3T A—4% HWT NaCl KEEIKIZ
PIREB % MR L7-5EIELNHIBER{LKFEDINESE
RKODHELLTFD IS5,

0.056 [km—Gf’;] x 59.0(15.6)[kGy]/
0.227[L] X 0.58
= 8.4(2.3)[mg/L] (6)
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Figure 10: Simulation results of normalized concentration
of generated species at an initial concentration of 1 cm™.
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Figure 11: Ratio of hydrogen peroxide to OH radicals as a
function of initial concentration.
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NaCl KA MK OB /KFE AR EO R 0.58 1%
ZHWTAEORE EBRTAERSNTZ OH TV H/LD
IV AR T DHE,

OH[mg] = 5~7[mg] x 0.227[L] X 5 x 0.58
= 3.29~4.61[mg] 7
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