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In the Material and Life Science facility of J-PARC, a mercury target is used as a spallation neutron source.  

In the mercury target, airborne radionuclides such as tritium and iodine are formed by spallation reaction with 

high energy and intensity proton beam.  There is possibility that the airborne radionuclides leaked from the 

target vessel to the air of the facilities may cause internal exposure.  However, there is insufficient information 

about these chemical forms and behavior in mercury to estimate internal doses.  We clarified chemical forms 

of tritium formed in mercury and release rates of tritium and iodine from mercury by experiments.  In this 

report, we have discussed from the viewpoint of internal radiation protection.

Keywords: J-PARC, High-Energy Accelerator Facilities, Mercury Target, Internal Exposure, Tritium, Iodine, 

Chemical Form, Release Rate 
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1. 

J-PARC
2 t 1, 2)

Hg
Au Pt Lu 3H

1) 3H Be 7Be 10Be
Hg 195Hg 197Hg 203Hg Ar 37Ar 42Ar Kr 81Kr 83 Kr 85Kr Xe 122Xe 125Xe
I 122I 123I 124I 125I 131I 1, 2)

He 1, 2)

2

Ar Kr Xe
, HT

HTO 3, 4)

2 1 MW 3 GeV
5000 9.3  1013

Bq yr 1

107 1010 Bq yr 1

5.4  1011 Bq 
yr 1

2 3

T2 HT CH3T T2O HTO OBT
5) 1.8 × 10 12 mSv Bq 1

1.8 × 10 8

mSv Bq 1 4
125I

1.5  1010 Bq yr 1 2 3H 37Ar 195Hg 197Hg 203Hg
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127Xe
3 5) 125I 1.4 × 10 5

mSv Bq 1 1.1 × 10 5 mSv Bq 1 7.3 × 
10 6 mSv Bq 1

2
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2.

HT T2 HTO
6

2.1

Hg Li
Li Li-Hg

Li-Hg

2.1.1

Hg 10 g Li mg Li-Hg
Li-Hg 1 g 2.5 cm3

Ar Li 1 g
Li-Hg
Li 1-2 mol% Table 1 Li-Hg 1 Pa

Li
Table 2

2.1.2 Li-Hg

JRR-4 Fig. 1

1 6 1 cm Co(NO3)2

1.7  109 n cm 2  4%
0.025 eV 6Li (n, )3H

2.73 MeV J-PARC
GeV

6-10 MeV

���������������������

���



2.1.3 HT HTO

HT HTO Fig. 2 80 ˚C 10 vol% H2

He 100 ml min 1 5 10 ml
HT HTO 2 HTO

HT 600˚C CuO
HT HTO

Li-Hg HTO
Li-Hg 8 ml

12 ml 2
TRICARB2000

2.1.4

Li-Hg Li-Hg

Aeff Bq 7

(2-1) 

(2-2) 

(2-3) 

A0 Li-Hg
Bq 0 n m 2 s 1 Nt

t s f - eff Li-Hg
n m 2 s 1

eff

Fleming
8

Table 3 Table 1 4

20-32%
100% 4

HTO 1 3% 1

HTO
Table 2 20-30%

82-102% Li-Hg
HT HTO

0

efff

)1(00
t

t eNA

0AfAeff
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2.2 

Fig. 3 Li-Hg 1 Pa HT HTO
HTO HT HTO 40%

Fig. 4 Table 1 Table 2 HTO
Table 2 Table 1 Fig. 3

< 1 Pa < 10 Pa HTO
HT  HTO 20-75% : 1  103 Pa : 1 

104 Pa 90% HTO
Li-Hg HTO

Li
9 Li

Li
HT Li 98% HTO

HTO
HT 2 HTO HT

50  4)

HTO Li-Hg
J-PARC

J-PARC HT HTO
He

0.5  106 Pa 2 He 65˚C
He 25˚C 60%

He 90% 99% 100%
HTO Table 4

He 90% 950 Pa HTO 90%
He He

2.5 Pa HTO 66% He
99% 80% HTO

HT HTO
HTO

HTO
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3. 

J-PARC

T2 HTO
T2 HTO

50˚C 2) HTO
HTO

3.1 T2

3.1.1 

(1)

T2 T2
10)

T2

80 ml
10 5 Pa T2

300˚C
160˚C T2

N2

T2 2000 Bq cm 3

(2) 

T2 Fig. 5 T2

T2 T2

100 ml 150 g 2.3 cm 3.5 cm
T2

30 50 ml min 1 40 T2

180 330 Bq cm 3

(3)

T2 Fig. 6
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T2

100 ml min 1 N2 10
T2

4A 1 T2 Pd-Al2O3 4A 5%
PdAlO3 2 9 vol% H2 N2

110 ml min 1 T2

30
T2 80˚C N2

40 ml min 1 9
HTO T2

T2 400˚C N2 100 ml 
min 1 HTO 10 ml 2

8 ml 12 ml

3.1.2 

T2

/ T2

T2 T2

3-1

t = 0, C(x, 0) = Cont., 

 > xs, C(x, t) = 0 

C HT HTO Bq cm 3 t s D cm2 s 1 x
cm xs cm

 = 0 T2

T2 T2 0
Wilke

11)

3-2

D12 1 2 cm2 s 1 M
 = 1 T K V cm3 mol 1 cP

T2 V1 H2

H2 V1 14.3 2 1.49 12)

2

2 ),(),(
x

txCD
t

txC

6.0
12

2/1
28

12
)(

104.7
V

TMD
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Mg Ag Al Fe Ni
HT H2 H2O HTO I N O Ar

1) T2 T2

Bq 1 105 Pa T2 1 cm3

T2 cmT2
–3 cmHg

–3 Pa–1

3.1.3 

Fig. 7 T2

T2

30 T2 0.3
T2 8 × 10 6

cm2 s 1 Table 5 3-2 25˚C 45˚C 80˚C
H2 25˚C 5 Table 5

80˚C

N2 1.5
T2 98%

3.1.2 T2 Table 
6 25˚C N2 1 × 105 Pa T2 9.2 × 
10–3 Pa 1 cm3 3.5 × 10 9 cm3 T2

T2 105 Pa 3.8 cmT2
3 cmHg

–3 Pa 1

3.2 HTO

3.2.1 

HTO 0.18 GBq ml–1 HTO 0.1 ml
13 cm2 84 g 161 g 1

4.2 
cm  5 cm 10 cm N2 100 ml min–1

HTO 10-20 ml 2
0.45 cm 0.86 cm 45˚C 80˚C

Fig. 8 1 ml 1 ml
18 ml 2
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3.2.2 

Fig. 9 45˚C
7.8 0.72 80˚C 4.4 0.74

3-1 D Table 7
2 2.5 Table 8 25 45 80˚C

3-2 H2O 3-2
T2 H2

3-2
Table 9 25˚C HTO 100%

HTO 2.1 Pa HTO 1.5  10 5

cm3
HTO cm 3

Hg 7.2  10 6 cm3
HTO cmHg

3 105 Pa 1

T2

3.3 HTO

3.3.1 

HTO 3.2
45˚C 80˚C

0.8 cm 3 cm
Fig. 10

3.3.2 HTO

HTO
HTO HTO

HTO VHTO cm s 1

))()(()( tCtCV
t
tCL aHTO

3-3

L cm C t t HTO Bq cm 3 Ca t HTO
Bq cm 3 Ca(t)  0 3-3

)exp()(
0

t
L

V
C

tC HTO 3-4

C0 HTO Bq cm 3
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3.3.3

45˚C 80˚C HTO
HTO Fig. 11 45˚C

0.8 cm 80˚C 0.45 cm
30 HTO

3-4 VHTO Table 10 45˚C 80˚C
VHTO 2.3  10 5 cm s 1

HTO

3.4 

J-PARC

40 cm Fig. 12
5  10 5 1  10 5 5  10 6 1  10 6 cm2 s 1

5  10 5 cm2 s 1

30 0.31 1  10 6 cm2 s 1

0.036
1 70%

3.3 VHTO

HTO

StCtC
L

V
t
C

a
HTO ))()((        3-5

VHTO Table 10 2.3  10 5 cm s 1 L
40 cm Ca 0 S

Bq cm 3 s 1 1
20 Bq cm 3 s 1

Fig. 13 HTO
VHTO HTO

50 HTO
1 365 HTO 5.6%

HTO 94%

0.1%
108 Bq
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3.5 

T2 HTO
T2 HTO T2

HTO HTO
T2 HTO T2

HTO T2 HTO
T2 HTO

25˚C 80˚C T2 HTO ,

30 70%

1
6%
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4. 

I2 Hg2I2

HgI2
2 I2 HgI2

13

HgI2 Hg2I2
14 , Hg2I2

I2 HgI2 Hg2I2

4.1 

4.1.1 

Hg2I 2 HgI2

HgI 2 Hg2I2 I*2
131I

HgI*2 I*2 Fig. 14
I*2 U

I*2 U He 50 ml 
min 1 I*2 110 g I*2

3 I*2 1 10 2 60
3 100

0.5 HgI*2

HgI*2 Hg Hg2I*2
14

1
I*2 5 1 3

ACF 3
I*2

131I Ge

4.1.2 

I2

74 MBq, NaI*/0.1 M NaOH 4 l 1 ml 0.6 M
KI 200˚C

K2Cr2O7 400˚C He I*2

U 70˚C I*2 I*2

Fig. 14
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NaI* (aq)+ KI (aq)  KI* (aq) + NaI (aq) 
200˚C

2 KI* (s) + K2Cr2O7 (s)  I*2 + K2O + K2CrO4 + CrO2

400˚C

4.1.3 

Hg2I*2 I*2 Fig. 14
U I2 I*2

Hg2I*2 Hg Hg2I*2-Hg 10 ml min 1 He
3 Hg2I*2-Hg Hg2I*2-Hg

80˚C
Hg2I*2-Hg I*2 1

3 ACF 3 1 Hg2I*2

Hg2I*2-Hg 0.6 M KI 2 ml
Hg2I*2 0.1 ml

131I 131I Ge

4.2

I*2
131I

131I Table 11 3
ACF 131I I2*

0.02 0.02 0.07% Table 12 I2* Bq cm 2 s 1 I2

Bq g 1 HgI2 cm3 cm 2 s 1 I*2

HgI*2 HgI*2 1
1.4  10 6 cm3 cm 2 s 1

I*2 He
131I Table 13 131I

Table 11 I*2 I*
Table 14 I* 1 3 1.8 × 10 8 s 1

2 4.2 × 10 9 s 1

J-PARC 30
2.84 g 1 Table 14

I 5  10 8 g s 1 ,
I2 Hg2I2 8

10 8 g s 1 25˚C
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1.3  10 8 g cm 3

0.3 m3 2) I

Hg2I2 I2 HgI2 Hg2I2
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5. 

J-PARC

Li-Hg
HT HTO

HTO
20-70% 103 Pa 90% HTO

HT HTO
He

HTO
T2 HTO

T2 HTO T2

8  10 6 cm 2 s 1 45˚C
80˚C HTO HTO

1 10 6-4  10 5 cm2 s 1 T2 HTO T2

HTO 1
HTO

45˚C 80˚C (2.3  0.6)  10 5 cm 2 s 1

J-PARC
80˚C 1

HTO HTO 30%
1

131I I*2

Hg2I*2

I*2 Hg2I*2 Hg2I*2

80˚C I*
Hg2I*2 1.8  10 8 s 1

HgI* Hg2I*2 I*2
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Table 1 The weights and Li contents of the samples6).

  Pressure in the sample container: 1 Pa 

Table 2 Li-Hg sample conditions. 

Sample
No.

Weight 
(g)

Li content
(mol%) 

Air
(%)

Ar
(%) 

Pressure
(Pa)

Temperature 
(˚C)

Humidity 
(%) 

1
2
3
4
5
6
7
8
9

10
11 

1.38
1.23
1.07
1.20
1.11 
1.15
1.10
1.09
1.07
0.90
1.07

1.32
1.47
1.32
1.47
1.32
1.47
2.09
2.09
2.09
2.19
0.95

1
1

10
10
100
100
100
100
100
100
100

99
99
90
90
0
0
0
0
0
0
0

7.3
7.3
7.3
0.69
6.9
6.9
67
67
67

1.0  105

1.0  105

26
21
26
21
26
21
18
18
18
26
17

60
55
60
55
60
55
50
50
50
55
50

Table 3 Yields of tritium taken in consideration of self-shielding factors6).

Run 
No.

Weight of 
sample (g) 

Li content 
(mol%) 

1
2
3
4

1.6
0.9
1.0
1.0

1.9
1.9

0.95 
0.95 

Run 
No.

Measured total 
activity (Bq) 

Self-shielding 
factor (%) 

Calculated total
activity (Bq) 

Recovery rate 
(%)

1
2
3
4

91.5 ± 1.2 
75.6 ± 1.8 
39.6 ± 0.7 
36.8 ± 0.6 

20
32
28
28

89 ± 3 
75 ± 2 
38 ± 2 
36 ± 1 

103 ± 4 
100 ± 4 
103 ± 4 
101 ± 4 
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Table 4 Ratio of HTO in the mercury target.  

He gas (%) Pressure 
of water vapor (Pa) HTO/(HT+HTO) (%) 

90 950 90 

99 98 81 

100 2.5 66 

Surge tank: 5.0  105 Pa , temperature: 25˚C

Table 5 Diffusion coefficient of H2 in mercury calculated by calculated from Equation (3-2).  

Diffusion (cm2 s 1)
25˚C 45˚C 80˚C

4.2  10 5 4.5  10 5 5.0  10 5

Table 6 Solubility of T2 in mercury at room temperature (25˚C).

Pressure T2 in mercury Solubility 

(Pa) (cm3
T2 cm 3

Hg) (cm3
T2 cm 3

Hg 105 Pa 1)

9.2  10 3 3.5  10 9 3.8  10 2

Table 7 Diffusion coefficient of HTO in mercury at static condition. 

DHTO (cm2 s 1)
45˚C 80˚C

4.2  10 6 (0-2.0 h) 4.0  10 5 (0-2.5 h) 
1.0  10 6 (2.0-48 h) 5.0  10 6 (2.5-46 h) 
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Table 8 Diffusion coefficient of H2O calculated by Equation (3-2). 

Table 9 Solubility of tritiated water vapor in mercury at room temperature (25˚C).

Table 10 Velocity of HTO from mercury to gas-phase.

VHTO (cm s 1)
45˚C 80˚C

(2.7 0.5)  10 5 (1.9 0.4)  10 5

Diffusion (cm2 s 1)
25˚C 45˚C 80˚C

4.3  10 5 4.8  10 5 6.0  10 5

Pressure HTO in mercury Solubility 

(Pa) (cm3
HTO cm 3

Hg) (cm3
HTO cm 3

Hg (105 Pa 1)) 

2.1 1.5  10 5 7.2  10 1
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Table 11 Activity of 131I during exposure of mercury to I*2 gas.

Activity of 131I (Bq) 
No. Exposure to I*2

(Bq) Membrane Ag ACF 

1 2770 ± 20 nd nd nd 
2 593 ± 6 nd nd nd 
3 308 ± 3 0.064 ± 0.015 0.060 ± 0.004 0.22 ± 0.02 

nd: Not detectable 

Table 12 Exposure rate of I*2 gas to Hg, specific activity of I*2 gas and production rate of HgI2.

Table 13 Detection limit of 131I collected on filters. 

Table 14 Release rates of I* from mercury to gas phase.

No.
Exposure rate of  

I*2 to Hg 
(Bq cm 2 s 1)

Specific activity of I*2
(Bq g 1)

Production rate of 
HgI2

(cm3 cm 2 s 1)
1 0.94  2.0 × 105 1.4 × 10 6

2 0.034  8.9 × 104 9.7 × 10 8

3 0.010  5.9 × 104 5.1 × 10 8

Detection limits (Bq) 
No.

membrane Ag ACF 

1 0.055 0.055 0.055 
2 0.027 0.027 0.027 
3 0.059 0.059 0.058 

No. Release rate of I* (s-1)

1 < 1.8 × 10 8

2 < 4.2 × 10 9

3 < 1.8 × 10 8
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Fig. 3 Ratio of HT and HTO formed in Li-Hg (Partial pressure: 1 Pa) 6).

Fig. 4 Ratio of HTO in Lithium mercury and partial pressure of oxygen and water vapor. 
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Fig. 11 Release rate of HTO in mercury to gas-phase (String of mercury). 

Fig.12 Release rate of tritium from mercury to gas phase. 
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Fig. 13  Difference between the presence and absence of release of tritium form surface of 
mercury.
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Fig. 14 Experimental arrangement to measure the release rate from mercury to gas-hase.
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