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Á� 0�
^uHI-13G�\�ì�Ì (AMS)ÿþ� 182Hf¢�¿ë�IO�ï�. ÏL 180Hf�ë

Y9¥fÐ¼�) 182Hf, ^9>l�ÌéÐ©ë�IO�Ó �'?1
°(ÿþ. ��½þ�Ð©

ë�IO, \\®�þ�½Ó � (180Hf)��DºJ, ÏLÅ?Dº��{, �ª��Ó �'l

10−6—10−10 ��X�ë�IO. ¿éTX�ë�IO?1
AMSÿþ, (Jw« 182Hf/180Hf�ÿþ

��I¡�¥ûÐ��5'X, `²TAMSXÚ�±O(ÿþÓ �'310−6—10−10 ��S��¬.

'�c 182Hf ë�IO \�ì�Ì 9>l�Ì ÓþÉ �

1 Úó

´ ¥ f Ø 182Hf ´ � » ¤ Ï Ø, Ù � P Ï �

(8.90±0.09)Ma
[1]

. �»ØÜ¤�Ï�)� 182Hf@

®PC�¦, /¥þy�� 182Hf´�5�#(�u�

)¤�
[2]

. du 182Hf��PÏ�8.9Ma, ´ïÄ�#

(¯���Z��5Ø�. ÏLÿþU,�¬¥ 182Hf

�¹þ�±�«êz�c±5��ÚÕàX¥ð(�

¹Ä5Æ
[2—4]

. ,	, du7á£äkér�áÂ9

¥f�Uå, ~�^��Aæ���
[2]

±9¥f5þ
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��Ok�¿Â. �k�
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1961cJ.Wing�<
[5]
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Ägÿþ, Ù(J� (9±2)Ma; 2004cc/
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[1]
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1
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[4]

ÏLÿþ 182Hf�PC�ÔØ 182W5m�ÿþ 182Hf

?1½c; X.J.YangÚC.Pin�<
[6]

ïÄ
lU,�

¬¥J�Ú©lHf��{; ¥I�fU�ÆïÄ�

AMS|é 181Hf(n,γ) 182Hf��A�¡?1
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[7]

.

8c, ISþ�kc/|�C.Vockenhuber�<
[2]
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Wien�Æ�VERA(Vienna Environmental Research

Accelerator) 3MV AMS;^\�ìþ�L 182Hf�

AMSÿþó�, ¿��
ÐÚ�(J.

dug,.¥ 182Hf�¹þ$!�PÏ�!o�

�5¹Ý�~f, ^PCOê{!¥f¹z{9ÊÏ

�Ì{�éJ¢y 182Hf�p(¯ÿþ. AMSEâ±

§õ�¡�`³
[8]

¤� 182Hfp(¯ÿþ��Z�{.

AMS´�éÿþ�{, �´½|þvk 182Hf�AMS

IO�¬, I�ï�IO�¬��·��¢�¿ë�

IO. ©Ùé 182Hfë�IO�ï�9AMSéë�I

O�ÿþ?1
�ã.

2 182Hf ë�IO�ï�

182Hf �<ó)� 182Hf´�Æ·���5

Ø�, g,.Ø�3, I�ÏL<ó�{5�). ¡

�50mgL8HfO2 (	g{I�ä*I[¢�¿, Ù
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ì�m��432h.

Ëì��HfO2 I�M)�âU^u9>l�Ì

(TIMS)�Ó �'��ÿþÚI����. M)�,

ýk3àoÍ¯L�S�\2—3mL�`?Xßí�,

^��+á�ßí���=+¥, Ed�¬®"�á

�M��, 2\\5—6mL�Í�\9M). ��¬

��M)�, =�òM���CZ, ,�\\20mL

0.1mol/L HNO3 M�M). �����20mL, ßÝ�

�2mg/mL HfO2 �0.1mol/L��M�.

Ó �'��TIMSÿ½ �
÷vAMSÿ

þØÓ¹þ�¬�I�, ·�I��·þËì��

182Hf�¬, ,�\\½Ó � (180Hf)Dº, ��Ø

ÓÓ �' 182Hf/180Hf�X�ë�IO. Ïd, Ò7

LO(ÿþDºcHfO2 �¬ (Ëì�)¥�Ó �'

� (182Hf/180Hf). æ^¥IØÄåïÄ�O� (NPIC)

�TIMS Finnigan MAT262éÓ �'�?1O(ÿ

½. �
éËì���¬?1°(ÿþ, éU,HfO2

ÚL8HfO2 �
ØÓ�NX�¬!ØÓæ�þ!Ø

Óu�J���{ïÄ
[9]

. 3TIMSÿþ¥, 182Hf�

ÓþÉ �¾ (182W)�Z6ér, ·�æ^
Ó 

��Ø{�Ø 182W3M=182¯�¥��z. ÏLõ

gÿþ�Ëì�L8HfO2 �¬, �� 182W/183W�

'��1.77. ��ÿÑ 183W/180Hf�'�, Ò���

182W/180Hf, l�Ø (182W+182Hf)/180Hf¥ 182W�

K�, äNÿþ(J�©z [10] (T(J�?1
Ó 

��Øvké�¬?1zÆ�À). �
���O(

�TIMSÿþ(J, ·��é�¬?1
zÆ©l (�

Z6Ø� 182W�zÆ©l), ¦�Uü$�¬¥W�

¹þ. 3dÄ:þ2^Ó ��Ø{�Ø 182W�Z

6, �´ùg´U 182W/183W=1.84?1?��. Ï�

�¬²zÆ?n�, Ù¥�WÌ�´TIMS (Re)�

¥�U,W, ¤±æ^U,´Ý' 182W/183W=1.84

?1?�, ²LzÆ©l¿�Ø��ÿþ(J�L1.

L 1 182(Hf+W)/180Hf� 183W/180HfÓ �'ÿþ(J

�¬ 182(Hf+W)/180Hf 183W/180Hf �Ø182W��

?Ò ÿþ�/10−6 ÿþ�/10−6 182Hf/180Hf�/10−6

1 7.663 3.277 1.633

2 9.572 4.332 1.620

3 3.525 1.026 1.637

4 3.225 0.8610 1.641

5 3.400 0.9670 1.621

6 2.416 0.4300 1.625

7 2.750 0.6190 1.611

8 3.191 0.8430 1.640
182Hf/180Hf²þ� 1.628

IO � 0.011

�éIO � 0.67%

©ÚDº��X�ë�IO ÏL�AæË

ì���Ð© 182HfIO�¬¥, 182Hf/180Hf�'�

� (1.63±0.01)×10−6. ^DºJ (L8Ó � 180Hf�

HfO2)?1ügDº, ��ü«$ 182Hf/180Hf'��

IO. �ª��Ó �'©O� (1.63±0.01)×10−6,

(3.22±0.26)×10−8, (3.45±0.32)×10−10 � X � ë �

IO, ±÷v 182Hf/180Hf'�310−6—10−10 ���

AMSÿþ.

Z6Ø� 182W�zÆ©l du3 182Hf�

TIMSÚAMSÿþ¥, ÓþÉ � 182W�Z6ér,

��K� 182Hf�ÿþ(¯Ý. Ïd, I�ÏLzÆ�

{¦þüØ�¬¥�W, �©æ^
Òlf��{.

é�Wc!��x�¬ (dL8� 180HfO2 ��¤

�HfF4)¥ 183W�¹þ©O?1
AMSÿþ. ÿþ

(Jw«�W��¬¥ 183W�¹þ'�Wcü$


�80�, Hf�£ÂÇ�u95%.

HfF4 ��� 3AMSÿþ¥, �¬zÆ/ª

9ÚÑKlf/ª�ÀJ��K�Xå6�¬�Úé

ÓþÉ ��Ø$�¹. �'ïÄ
[2]

L², 3 182Hf�

AMSÿþ¥�¬æ^ÍzÔ (HfF4), ÚÑHfF−

5 Kl

f, 3lf?Ò�òZ6Ø� 182WØ$�6000�.

Ïd·��ò�¬��¤HfF4 �/ª. �¬¥�¹

�þ�$, lfÚÑHfF−

5 �å6Ò��, lf�

>l�ÇÒ�p. Ïd, �¬��I�5¿ü�¯K:

�´ò�¬�¤X�HfF4 ®", ¦�U~�Ù¥�¹

�þ; �´^zÆ�{¦�U/üØ�¬¥�Z6�

�WÚTa. ÏLHfO2 �HF��A (\\·þ��)

��HfF4.

¤k^uAMSÿþ��¬, �)IO�¬9Ù¦

�¬��ÑI���¤HfF4 �/ª.

3 ë�IO�AMSÿþ

��yAMSÿþ���5, 3�®HI-13G�

AMS þ é X � ë � I O � Ó   � ' ? 1 
 ÿ ½.

ò¤��HfF4 �Õ®U�þ'1:1Ø\¾qI¥,

¿òqIC\q�þ, ,�òq�C\MC-SNICS

(Multi-Cathode Source of Negative Ion by Cesium

Sputtering).õqr6�ÿ. ÿþ�\�ìà>

Ø�8MV, ÚÑHfF−

5 Klf, �l��>Ö�ÀJ

9+, �O5\ 180HfF−

5 Ú 182HfF−

5 , ¿^{.1Ùÿþ

180HfF−

5 �å6�� 180Hf�OêÇ, ^�1�m&ÿ

ì
[11—13]

ÿþ 182Hf�V�Ì�� 182Hf�OêÇ, 2

�Ä\�ì�DÑ�ÇÚ&ÿì�&ÿ�ÇÒ�±

O���n(182Hf)/n(180Hf), ÿþÚ½��ë�©z
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[14,15].

�x�¬!ë�IOÚ¢S�¬�ÿþ(JX

L2¤«. du3 182Hf�AMSÿþ¥�3ÓþÉ 

� 182W�Z6, ���ÏLzÆ©l�±üØ�Ü

© 182W, Ó�3lfÚÑHfF−

5 Klf��±Ø$

182W�Z6. �E¬k�þ� 182W?\&ÿì, æ

^Ó ��Ø{�Ø (182Hf+182W)/180Hf¥ 182W�

�z. �d·�ÿþ
 183W/180Hf9 182W/183W, ±

L8�x�¬ÿ�� 182W/183W��1.52. dd��

182W/180Hf, l����O(� 182Hf/180Hf. L2¥

é¢S�x�¬�ÿþ(J�4.15×10−11, =�AMS

C�é 182Hf�&ÿ(¯Ý�4.15×10−11.

L 2 �¬¥Ó �'��ÿþ(J

�¬ 182Hf/180HfI¡� 182(Hf+W)/180Hfÿþ� 183W/180Hfÿþ� 182W/180Hf 182Hf/180Hf

¢S�x�¬ (4.15±2.95)×10−11

L8�x�¬ (2.04±1.59)×10−10 (1.34±0.95)×10−10 (2.04±1.59)×10−10 0

S3 3.45×10−10 (4.85±0.69)×10−10 (1.48±0.47)×10−10 (2.25±0.71)×10−10 (2.60±0.86)×10−10

S2 3.22×10−8 (3.37±0.34)×10−8 (4.70±1.42)×10−10 (7.14±6.87)×10−10 (3.30±0.35)×10−8

S1 1.63×10−6 (1.63±0.01)×10−6 (2.37±0.58)×10−10 (3.60±3.57)×10−10 (1.63±0.01)×10−6

182Hf�X�ë�IO 182Hf/180Hf�AMSÿþ�

�I¡��m¥yûÐ��5'X (R2=0.9996) (�

ã1), `²AMSÿþ�{���5. ²S18�z��

�ÿþ��I¡�¬Ü, Ù'�30.75—1.02�m (�

L3). ù�(JL², |^dX�ë�IO, AMSX

ÚU
é 182Hf/180Hf31.63×10−6—3.45×10−10 ��

S��¬?1O(ÿ½.

ã 1 182Hfë�IO� 182Hf/180Hfÿþ��I¡

��m��5'X

L 3 X�ë�IOÿþ��I¡�

182Hf/180Hf 182Hf/180Hf '�=ÿþ�/
�¬

I¡� ÿþ� I¡�

S3 3.45×10−10 (2.60±0.86)×10−10 0.75±0.25

S2 3.22×10−8 (3.30±0.35)×10−8 1.02±0.11

S1 1.63×10−6 (1.63±0.01)×10−6 1±0.01

4 (J�?Ø

· � ï � 
 Ó   � ' (182Hf/180Hf) � I ¡ �

©O� (1.63±0.01)×10−6, (3.22±0.26)×10−8, (3.45±

0.32)×10−10 �3� 182Hfë�IO. 3ë�IOï�

¥, éÓ �'�TIMSÿ½�{?1
ïÄ, ïá


Òlf��{üØW�zÆ©l6§, ¿�(½


HfF4 �ï�6§. Ó�, é 182Hf�AMSÿþ��


éõ�'ïÄó�, �)µå6�DÑ, Ó �Ú

ÓþÉ ��&ÿÚ�O, ïá
 182Hf�AMSÿþ

�{, ÿþ
X�ë�IOÚ¢S�¬. ÿþ(Jw

«ë�IO�AMSÿþ��I¡�¥ûÐ��5,

�ë�IOI¡��Ø(½Ý�u10%, �±÷v

182Hf/180Hf>10−10 �AMSÿþI¦.

�
?�ÚJpÿþ(¯Ý, �¬zÆ�W�6

§I?�Ú`z, e�Úò3�¬¥\\W�L8Ó

 � 186W51��¬¥� 182W, lJp�ÀÏf.

3zÆ6§Uò�¬¥�Wü�10−8 �cJe, ²

L©l6§���¬¥\\·þ�L8Ý�96.7%�

186W2²L�g©l6§, �O�±ò 182W�¹þ

��2ü$10�, � 182Hf�AMSp(¯ÝÿþC½

Ä:.
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Preparation of 182Hf AMS Standard Sample and

Test on HI-13 Tandem AMS *

YIN Xin-Yi1;1) HE Ming1 DONG Ke-Jun1 QIU Jiu-Zi1 WU Shao-Yong1 ZHANG Jin-Song2

ZHANG Chun-Hua2 ZHENG Yun2 GUAN Yong-Jing1 JIANG Shan1;2)

1 (Department of Nuclear Physics, China Institute of Atomic Energy, Beijing 102413, China)

2 (Nuclear Power Institute of China, Sichuan, Jiajiang 610005, China)

Abstract The preparation and accelerator mass spectrometry (AMS) measurements of a series of 182Hf AMS cali-

bration standards are described in this paper. The preparation consists of five processes, the synthesis of the initial
182Hf/180Hf standard sample by double neutron capture reaction of 180Hf, the accurate measurement of this standard

for isotopic ratio with thermal ionization mass spectrometry (TIMS), the chemical separation of isobaric interference
182W, the sequential dilution of the initial standard, and the preparation of HfF4. The value of 182Hf/180Hf in the

initial 182Hf/180Hf standard was obtained with TIMS to be (1.63±0.01)×10−6 . Chemical separation and purification

procedures were developed and applied in the preparation of all 182Hf/180Hf standards for the removal of major iso-

baric interference nuclide 182W. As a result, three 182Hf AMS standards with 182Hf/180Hf ratios of (1.63±0.01)×10−6 ,

(3.22±0.26)×10−8 , (3.45±0.32)×10−10 were obtained. AMS measurements of these standard samples were performed

and good linearity was obtained in a plot of AMS results vs nominal values for 182Hf/180Hf ranging from 1.63×10−6 to

3.45×10−10 .

Key words 182Hf, standard sample, accelerator mass spectrometry (AMS), thermal ionization mass spectrometry

(TIMS), isobar
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