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Abstract 

A tantalum wire was contaminated with tritium unexpectedly generated during a tritium exposure 

experiment on ceramic materials. The amount of tritium retention in the tantalum wire was estimated to be 

13.3 GBq, and 88% of this amount was recovered as tritium gas by heating at 943 K. After additional 

evacuation at the same temperature, a part of the wire was dissolved in an aqueous solution of hydrofluoric 

acid. The result showed that heating was able to decrease the residual amount of tritium in the tantalum 

wire finally to 564 kBq. Subsequently, a part of the tantalum wire was immersed in pure water for about 

one month to examine the effect of water decontamination. This removed 37% of the residual tritium in the 

tantalum wire. Altogether the contamination level decreased to 355 kBq, which was 2.7x10
-3

 % of the 

initial tritium amount in the wire.  ��
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� �������	
������������������	
�������� !"

#$%&'��()*+,�-./0123456��78 !"#$%&-./0�����

/091���:;9�<=��>?'��7@A'BCDE��F,G�HI'JK&

L�M�AN��>?'���-.O� !"#$%&�PQR1�>?�STU6�

NVWA�W@A1X@Y(8@�ZW[��� !"#$�Z7\]^1_`N(ab�c�

VVdef7@Aghijklm�\]^nC !"#$�op�Zqr]'4Y(skdef

7tu1l78vo� !"#$'STN(�>?nC� !"#$�opwqr]'Fx

(�k�@@�r]yz�{��|}f78 

2.����

2.1  !"#$-. 

�  !"#$%&~�-.g�������k456(8/0��kl7 !"#$-.���

�^F,A�����1 370 µm��� 1.2335 g��>?1��������C6(����

����6C6(8 !"#$�-.f7=���nC 50 K�xk 1023 KVk��'s���

���'4Y(8������ !"#$'�TN( ¡�'��N��¢£¤� !"#$

%&'������¥¦N(8 !"#$~�-.g 723 Kk 5§G4Y(8 !"#$%&~

�-.¨©����������'��Vkª�UD�������� !"#$%&�¤«'

¬£N(8c��� !"#$-.k��( !"#$%&' !"#$�T ¡��STU

D�op'4Y(8@@k�/0���( !"#$%&g�D-T®b%&k T��g 16.9 %�

¯�N(¤«g 865 Pa°Y(8 !"#$��g±²C�ZY�|}U6(³��´µ¶·'�

��¬£N([1]8 !"#$-.�¸¹§A¨©��¤«ºZm�>?wq/0F,�ST

U6( !"#$�'»¼½m�¾¿�À�ÁÂÃ� �Z7ÄÅÆZm/0F,�SÇU6(

 !"#$�'»¼½Y(8 

 

2.2 BIXS�¬£ 

�  !"#$ÈÉyz�£ÊRËA�QRÌ�ÍÎ�(Ï��β?ÐX X?¬£·�BIXS��Z

7 X?�¬£'4Y([2]8ÑEÒÏ� GeÍÓ��ÍÓQ�Ô� Ar%&'Õ(N(s��>

?'�¡ N� !"#$�Ö×�ZY�ØÓU6( β ?�ZY�ÐXU6(ÙÊ X ?�Zq�

β?�ÚÛ�ZY�ØÓU67ÜÝ X?'¢£§G¬£N(8X?¬£gÞUß 1 cm�àmÓN

���������

��
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( 3á��>?'â4�ã�N�¬£'4��c���g 0.0890 gklY(8@�ZW[¬

£g�ä !"#$%&-.���>?�å@6' 943 Kk����N(���>?�

wqæ�����Z7r]� 229 çèéN(A@êk456(8V(�ëì��������

>?'ÞUß 1 cm��� 0.0209 g'àm�m��íî�wq@��ï 216ç�èéN(A@ê

k X?¬£'4Y(8 

 

2.3���Z7 !"#$�ðµ   

� �>?�STU6( !"#$'ij[ñmopf7(Ï�����'4Y(8����

g 873 KnCòóô�õ�N�)��k�ðµ�1ö[3[7÷A���'s�(8ø��� 943 

K k 2 §GÈÉN��>?nCðµN(%&�¤«'ùúN(�� ¡��STUD7A

�WÂû�&'ü�n4� !"#$�op'4Y(8ðµ !"#$�¤«1 5 Pa�Õ([3

[Y(A@êk�¾ý�þ�Âk��ô� 3.5§G�����'4����Vk��N(8 

 

2.4 !"#$��¬£ 

� ���Z7 !"#$�opwq����'4Y(���>?O���f7 !"#$�

'��f7(Ï��¢£�(0.0029 g)�	¡����A
��®b��k Ta'�UD�@���

�¾ý����wq����"Ã��'®bN� LSC-LB5k¬£'4Y(8 

 

2.5�íî�Z7 !"#$�ðµ 

� ����'¨�(���íî�Z7�[7 !"#$�r]'Fx(8�>?Zm 0.0209 g

'àmÓN�1 ml�¾ý�������k 1çíf8c�¾ý����'����"Ã��A

®bN�¬£��'��N�����"Ã�����#��(LSC-LB5)�Zm�O~�4N( 

!"#$�'¬£N(8@�Âû�&'ü�½�m�N���O�4�'�Ï(8 

 

3.	
��

3.1  !"#$�ST 

� -.¸¹§�¤«A-.¨©§�¤«�ºZm�>?~� !"#$ST�'�Ï(8�

-.¸¹§�¤«wq�¼g 867 Pa�107.7 cm
3

k�¨©§�¤«wq�¼g 24 Pa�140.0 cm
3

k

lY(8@6C���Zm¯�§�-.���� !"#$��g 13.7 GBqA[m�-.¨©§

�F,�>��� !"#$�g 0.495 GBqA[Y(8@6C�ºZm��>?�wq/0

F,�STU6( !"#$�g 13.3 GBqA»¼½Y(8¾¿�À�ÁÂÃ� �Z7ÄÅÆ�

������������������������������

��
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� Zm»¼½C6(/0F,�SÇU6( !"#$�g� !"#$1!V67"U' β
-

?

�â#$%AN(ab� !"#$�g 80 kBq, /0F,�O&Vkë'� !"#$1!V6

��7AN(ab� !"#$�g 0.47 GBq°Y(8¤«ÚöZm�Ï( !"#$ST���

N�/0F,�SÇN(A(�C67 !"#$�gøPk½ 3.5)kl7(Ï� !"#$�P

QRg�>?�STU6(@A1*+U6(8 

� BIXS¬£nC,C6(�>?� X?&L- >' Fig. 1�.f8X?&L- >����

/�-g Tawq Ar�ÙÊ X?A�£U6(8Ar(Kα)�Ta(Mα)�Zq Ta(Lα)?�/�-�012

g�c636 66.5 cpm�223.3 cpm, �Zq 96.4 cpmklY(�Table 145�8 !"#$ZmØ

6U67 β
-

?� TaOk�øP$%1ß 300 nmkl7@AnC�Ar(Kα)?g78nCß 300 nm �

9UVk�78:� !"#$�X;f7½�kl78V(�<�Ú=>1Zm�Ï( Ta(Mα)�

Zq Ta(Lα)?�ðÓ9Ug�c636 20 µm, 170 µm°Y(8@@k�ðÓ9Ug X?�?�1

1/10�[79UAN(8vo��( Ta?���1 370µm kl7@AnC�ÙÊ X?'ÍÓk@

7AB�¼g Ta(Mα)�Zq Ta(Lα)?k�c636 20%�99%A[Y(8Cï�Ta(Lα)?�?�×

�'DEf7@A�Zm��>?�� !"#$�×�'��N,78V(�?�g=3[

71�Ta(Lα)?Zm½UC��FG>H�I� Ta(Lβ2)?1J¬U678Ta(Lβ2)?�ðÓ9U'0

Kf7A 200 µm A[Y(8c�(Ï�Ta(Lβ2)?�ZY��>?�O&QVk�ÆL'*+

f7@A1k@78@��>?k Ta(Lβ2)?�?�1MR���A�W@Ag�O&�ÔVk

 !"#$�12�A�W@A'.NN��78 

� Fig.1 � 1O14 keV�G��Pf7ß 7 keV

'/�-Af7[°Cn[²g β
-

?1ÚÛN

(Q�ØÓU6(ÜÝX?kl78c�(Ï�

ÜÝ X ?g��>?��QnCØ6U6

7 X?kl78@��>?�ÜÝ X?�

012g 1013 cpmklm��>?�Q�

 !"#$�12�@A'7N��78@6g

ÙÊ X?k�(RA�S� kl78 

 

 

 

 

 

 

 

 

  

 

Fig. 1. X-ray spectrum observed for tritium 

absorbed tantalum. 
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Table 1. Peak intensity of Ta(Mα), Ar(Kα) and Ta(Lα) determined from X-ray spectra 

�

Peak intensity (cpm)�

Ta(Mα) Ar(Kα) Ta(Lα)

After exposing to tritium 223.3 66.52 96.4 

After evacuation by ion pump 

 (943 K) 

8.00 20.43 1.13 

After water immersion 2.35 0.88 0.55 

After 229 days from  

vacuum heating 

4.14 9.33 0.99 

After 216 days from water 

immersion. 

1.77 4.02 0.43 

 

3.2 ��TU�Z7 !"#$�op�Zqr] 

� �>?��STU6( !"#$���·�Z7op�Zqr]'Fx(8VE���1

300 K wq 973 K�ab��>�âVµ¤'»¼½Y(8vo !"#$'STN(�

>?������/�>W'»¼½7A 0.01A[78XY[3]Zm�Z[�ø½Ô� TaH
0.05

�\H�\S'���c636���k�âVµ¤'»¼½Y(� �300 K�§gß 58 kPa�

973 K�§g 94 kPaA[Y(8��'sõUD7@A�ZY�âVµ¤1sõf7(Ï���

g�Q������'ðµUD7��ABkl78Table.2����ZmðµN( !"#$%&

��¤«Zm»¼½Y( !"#$op�'.f8vo� !"#$%&�opTUg 38o4Y

(8c�� � ��AN� 11.7 GBq� !"#$'opf7@A1k@(8ST�Aðµ��

ºnC�Ï(�� !"#$�g 1.6 GBqklm����ZY�ö[3A½ 87.8%� !"#$

'opk@(8ø¨ô�g¤«'¬£k@[�%� (<5Pa) �ðµ�[Y��Y((Ï�943 Kk

��N[1C¾ý�þ�Âk��N(8c�(Ï�/Q�gopN(��s� !"#$1ðµ

N��78���Z7opTUnC�>?O� !"#$�]�'^*���f7@A1_

`kl7�k�	¡�����Z7�·�ZY��Ï(8c�� �� !"#$�g 564 kBq

klY(8 

� @6g�%&¤«Zm�Ï(�� !"#$��1.6GBqAWa�bc�ö[��kl78@�

P@[º1`V6(deg 2 {(�C6781 {g�§�-.N(/0F,~SÇN( !"#

$�kl78½W 1 {g�ø��4Y(�����Z7½�kl78øÒ��/0F,~� !

������������������������������

��
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��������	
����������������
������ !"#$��%�

����&'(�%���)*+�,-. β
-

/�012345�67�' 80 kBq,  !"#�

89+:;<��%���)*+�
	45�67�' 0.47 GBq:=���>��?�@��

$�AB��	
����?�@��:�CAB& Q  (PaDl) 'EF�G:H-�� 

Q = S I P I t                               J (1) 

KK:(S(l/s):�?�@���ABLM(P (Pa), "#NO�PQ( t (s): ABRS:=�ABL

M' 5 (l/s), "#NO�01PQ' 2.5 x 10
-5

 Pa, T5
ABRS' 12600U45
�%�����

?�@��$�CAB&.VW4 0.29 GBq4X��� !"#$���&4�?�@��$�

AB&.7YZ4([\: 0.29 GBq([]: 0.75 GBq4X���K�'^_`PQ�aVW�

bc�%���&(1.6GBq4de5
[]������67f 1/2^[\������67 1/5.5

�X� 

J >�(943 K:ghAB.i��j�k�kO/� BIXS`lm�O. Fig. 2�nZ�Xo(p

q"#' Fig. 14r;���:=�Ar(Kα), Ta(Mα)o�s Ta(Lα)t�m�Yuv'(T�w� 20.4  

cpm (8.0 cpm o�s 1.13 cpm :=��

x Table 1 y z {� g h | } E ~ '

Ta(Lβ1),Ta(Lβ2)o�s Ta(Lγ)4	����

�O������ X /'���X����

���j�d�(Ar(Kα), Ta(Mα)o�s

Ta(Lα)�t�m�M'o�T 1/3 ( 1/30 o

�s 1/85��F5��K�K4'(H��(

20 µm+:,170 µm+:� 3����:H�

�����i����
�%���&��

\)]�	K4.n5
	� 

J +�(�� X/�Yuv' 25.2 cpm4(

1/40��\5���� X/'k�kO/��

�����-��W(����%���&)

]���\5�K4.��Z� 

 

Fig. 2. X-ray spectrum observed for tantalum after 

vacuum heating.  
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Table 2.  Amount of tritium recovered by heating from tantalum. 

�

Temperature  / K�

Total 

873 903 923 943 

Recovered amount 

��GBq

2.14 4.91 2.14 2.48 11.7 

 

3.3 ��� 

� ����	
�� 564 kBq������������ 1.2335 g�������� 0.0209 g�

 !"#$����%&'0.0209 g ������(�)�*������+ 9.56 kBq�,*'

Fig. 3(-./012(34����567#2 8089:;#������ BIXS<=>�

��?@'Ta(Mα), Ar(Kα)ABC Ta(Lα)DE>�FGH+-I�J� 2.35 cpm - 0.88 cpm� AB

C 0.55 cpm �,&KTable 1 LMN'����%&������ BIXS 	
(OP��+

0.0209 g-QRS2TC./UV2( BIXS	
(OP��������5 0.0870gW-	
(

OP�5XYZ-���[\�.]#$���^2� BIXS 	
�_`�a$b*'���

�%&������ Ta(Mα) -Ar(Kα)ABC Ta(Lα)DE>�FGH+ 0.0870g ������5

,*W@*W-I�J� 9.79 cpm, 3.67 cpm ABC 2.23 cpm� Wc&'Ta(Mα) ABC Ta(Lα)

�FGH+���^2�defg�,&'hi-Ar(Kα)DE>�FGH+-���@*jW�

k 1/6 (lm#'j�jW+-Ar(Kα)DE>(no@*pqr�������5lm#-)

20 µm )�� Ta(Mα)(no@*�������+de[s�cPjW�t]@*'uv-pqr

��wxyz{�(|}��$P������b5�(~%#jW�?#$P*' 

I��������"��	
#'I�_`� Fig. 4 (?@'��������"�W��8

9���+�������x������' 

   � � � �     � A = { 2400 � (1-exp-t/70) } + { 2300 � (1-exp(-t/1000) }                 (2) 

����+k 20089�UV56s*��W-m#��UV5�� 2�����p���*'^

�+pq(,*�����5UV@*��KFig. 4���N-2�5������#���W~%

@*��(Fig. 4���)�+cP�W����*')- B!¡��cBY(-75089���

�¢£� 3.6 kBq�������¢¤@*jW5��'j�������+-¢¤^(�)�$

P������(9.56 kBq)�k 37¥(,*' 

�����+k 200 89��¦(§@*Z-¢£�¨©@*Z(+�������(B*ª

�W����*���«¬�¨©@*®5,*'����~%«¬(+�������«¬�

b5¯°#$P*W±
@*')-���������G+���BYc��p��*' 

������������������������������

��
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D � D	
�
� exp	�	

�
�

��


� � �              � � � � � � (3) 

@@k�E
d
gfg�hÊ�FG>H��D

0
giñ��k�ñjfg>1k�Tg��'75f8

@�k'x7A����×��ZY�fg>11×�f7(Ï����Z7B '(�78�í

îg��(295K)k4Y(8@6'l�m 323 K�373 Kk4Y(ab�×�'0KN(8[��E
d

g���ZW[k�ZY��Ï(8 

E
�
�	 �3.7 	 1.6�� � 1000�         � � � �      � � � � (4) 

@@k�rg��A�>�no1�W (H/Ta) kl7[3]8��'��nC 323 K�N(ab�

fg>1g 1.7p���nC 373 K�N(ab�3.7pA[m����Z7B g1p%�qrk

@7@A1s¬U6(8 

 

 

 

 

 

 

 

 

Fig. 3. X-ray spectrum observed for tantalum after 

elapsed of 80 hours from end of water immersion. 

 

 

 

 

 

Fig. 4. Relation between immersion time of 

tantalum into water and amount of tritium eluted 

into water.  The plots ware fitted as solid line, 

which describes the sum of broken line and dotted 

line. 

�  

3.4 ��OÈt 

� ����nC 229çG��OkÈtN(�� BIXS&L- >' Fig. 5�.f8Ta(Mα)�Zq

Ar(Kα)/�-?�gc636 4.14 cpm , 9.33 cpm klY(�Table 145�8943 Kk������

���>?AWuf7A�/�-?�gv/�-A½ß 50)ÚöN��(8 

@6g�78:�Zq 20µm Vk�:���7 !"#$��Úö�wb1�Sk��QRÌg

��TU��nCxy×�N[�@A�Z7A(�C678 

� �íî'4Y(�>?' 212çG��Okc�ÈtN(��BIXS¬£'4Y(� 'Fig. 

� � � � � �� �� �� �� ��
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6�.f8Ta(Mα)�Zq Ar(Kα)/�-�012g 1.77 cpm�4.02 cpm °Y(�Table 145�8�

íî��� BIXS &L- >kg78:� !"#$�1ÚöN��Q� !"#$�g�íî

=AWa�z{×5C[�A�W� klY(8@�����OkÈtf7@A�Zm78:�

 !"#$�1|�N��m�20 µm Vk� !"#$�gz{×5Y��[nY(8�íî�

Zm78:� !"#$1r}U6�½�Þ§G�èék�Q� !"#$1fgN�78:�

 ~¡ÂM¾ ���U6�78:� !"#$�123[Y(A(�C678 !"#$�\

]U6(&��Ã&������F¡"�Á�Zm78:� !"#$'r}N(&��Ã&�

k�'�<l1��C�Zm|}U6��7[4]878:� !"#$'r]N(����N�Ù

�[TU'DEA½§G�èéA��78:� !"#$�1|�f7(Ï�78:�r]'4

Y( !"#$\]��'ÞqGÈtf7Q�g78��\]��f7��1tukl78 

 

 

 

 

 

 

 

 

Fig. 5. X-ray spectrum observed for tantalum after 

229 days from detritiation by vacuum heating. 

Fig. 6.  X-ray spectrum observed for tantalum 

after 216 days from end of water immersion. 

 

3.5 de��A�Wu 

� ç�¾� �Â���de��kg�op�� 1� 50 l �l(m���k 400 MBqA[

Y��7[5]8vo�opTUwq�����Z7r]kg 457 kBq/gVkr]f7@A1k@(

@AnC�vo_`N(�>?�de^����1.2335 g kg 564 kBq A[m�op���

deij�[Y(A��78 

� ëì�¾H!&���7ªÃ�>Ø6Êde^�β �*����AWuN�x7A[6]�c��

��Low Level Waste : LLW�g 12 MBq/kgkl78vo� 943 Kk 3.5§GÈÉA�W��k�r

]kg�457 MBq/kgVkr]k@(1�@���'Õ(f�g�� 1/40%�r}f7tu1l78

Cï������Þ§G������l7�g��ì·'ÍÎf7tu1l7A(�C678l

�m�XY[6]k.U6��7ZW[����Z7�������'��(r]½ABkl7A(

� � � � � �� �� �� �� ��
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�C67(Ï�v����AN(�8 

 

4. ���

 vo����� !"#$k\]U6(�>?nC� !"#$�op�Zqr]'Fx(8
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