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ˆ§μ±· É¨Î¥¸±μ¥ · §¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5

� ¸ÉμÖÐ Ö · ¡μÉ  ¢Ò¶μ²´¥´  ¢ · ³± Ì Ô±¸¶¥·¨³¥´Éμ¢, ´ ¶· ¢²¥´´ÒÌ ´ 
¨§ÊÎ¥´¨¥ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¤μ²£μ¦¨¢ÊÐ¨Ì ¨§μÉμ¶μ¢ Db ¢ ¢μ¤´ÒÌ · ¸É¢μ· Ì.
� ¸¸³μÉ·¥´μ ¨§μ±· É¨Î¥¸±μ¥  ´¨μ´μμ¡³¥´´μ¥ · §¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5 ¢
· ¸É¢μ· Ì, ¸μ¤¥·¦ Ð¨Ì HF. �μ± § ´  ¶·¨´Í¨¶¨ ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ · §¤¥²¥´¨Ö
´¨μ¡¨Ö ¨ É ´É ²  ¢ ¸¨¸É¥³¥ HF/NH4F. �·μ¢¥¤¥´  μ¶É¨³¨§ Í¨Ö ¶ · ³¥É·μ¢ · §-
¤¥²¥´¨Ö £μ³μ²μ£μ¢ ¤Ê¡´¨Ö (� , Nb ¨ Ta) ¢ ¸³¥Ï ´´ÒÌ · ¸É¢μ· Ì HF/HNO3. ‚
§ ¢¨¸¨³μ¸É¨ μÉ ¸μμÉ´μÏ¥´¨Ö ±μ´Í¥´É· Í¨° ±¨¸²μÉ ¶·μ¨¸Ìμ¤¨É ¨§³¥´¥´¨¥ ¶μ-
¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ô²Õ¨·μ¢ ´¨Ö ´¨μ¡¨Ö ¨ É ´É ² , ÎÉμ Ö¢²Ö¥É¸Ö ¤μ¶μ²´¨É¥²Ó´Ò³
¶·¥¨³ÊÐ¥¸É¢μ³ ¶·¨ ¨§ÊÎ¥´¨¨ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¤Ê¡´¨Ö.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Tereshatov E. E. et al. P6-2009-48
Isocratic Separation of Group 5 Elements

The present work has been done in the frame of experiments aimed at the
investigation of chemical properties of long-lived Db isotopes in aqua media. The
isocratic anion exchange separations of group 5 elements in the solutions containing
HF have been considered. An opportunity of principle of niobium and tantalum
separation in the system of HF/NH4F has been shown. Parameters of separation
of dubnium homologues (� , Nb and Ta) in HF/HNO3 mixed solutions have been
optimized. The elution order of niobium and tantalum depends on the ratio of acids
concentrations. This is an additional advantage of the investigation of chemical
properties of dubnium.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2009
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�É±·ÒÉ¨¥ ¤μ²£μ¦¨¢ÊÐ¥£μ ¨§μÉμ¶  268Db ± ± ¶·μ¤Ê±É  · ¸¶ ¤  Ô²¥³¥´É 
115 ¸ ³ ¸¸μ° 288, ¸¨´É¥§¨·μ¢ ´´μ£μ ¢ ·¥ ±Í¨¨ 243Am + 48Ca [1], ¶μ§¢μ²Ö¥É
¨§ÊÎ ÉÓ Ì¨³¨Î¥¸±¨¥ ¸¢μ°¸É¢  ¤Ê¡´¨Ö ¢ ·¥¦¨³¥ off-line [2, 3]. �μ ¤ ´´Ò³ ¢¸¥Ì
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ 23 ¸μ¡ÒÉ¨° ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ÔÉμ£μ ¨§μÉμ¶  μÍ¥´¥´μ
¢·¥³Ö ¥£μ ¦¨§´¨, · ¢´μ¥ 28+11

−4 Î [4].
„¥É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¨ ¸· ¢´¥´¨¥ ¶μ¢¥¤¥´¨Ö ¤Ê¡-

´¨Ö ¸ ¥£μ £μ³μ²μ£ ³¨ μ¶·¥¤¥²Ö¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ · §· ¡μÉ±¨ ³¥Éμ¤¨±, ¶μ§¢μ-
²ÖÕÐ¨Ì ¶·μ¢μ¤¨ÉÓ · §¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5 ¶·¨ ¶μ¸ÉμÖ´¸É¢¥ ¸μ¸É ¢ 
¸·¥¤Ò.

ˆ§¢¥¸É´μ, ÎÉμ ¤²Ö · §¤¥²¥´¨Ö Ê± § ´´ÒÌ Ô²¥³¥´Éμ¢ Í¥²¥¸μμ¡· §´μ ¨¸-
¶μ²Ó§μ¢ ÉÓ F−-¸μ¤¥·¦ Ð¨¥ · ¸É¢μ·Ò. ˆ³¥´´μ ¢ ÔÉ¨Ì · ¸É¢μ· Ì ³μ¦´μ μ¦¨-
¤ ÉÓ ´ ¨¡μ²ÓÏ¥£μ μÉ²¨Î¨Ö ¢ ¶μ¢¥¤¥´¨¨ Nb, Ta ¨ � . ‚ ´ Ï¥° ¶·¥¤Ò¤ÊÐ¥°
· ¡μÉ¥ [5] · ¸¸³μÉ·¥´μ ± É¨μ´μμ¡³¥´´μ¥ · §¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5 ¢
· §¡ ¢²¥´´ÒÌ · ¸É¢μ· Ì HF/HCl ¶·¨ ¸ÉÊ¶¥´Î Éμ³ ¨§³¥´¥´¨¨ ±μ´Í¥´É· Í¨¨
Ô²Õ¥´É .

�´¨μ´´Ò° μ¡³¥´ ¶·¨³¥´ÖÕÉ ¶·¨ ¨§ÊÎ¥´¨¨ Ì¨³¨Î¥¸±μ£μ ¶μ¢¥¤¥´¨Ö ¤Ê¡-
´¨Ö ¢ ¸¢Ö§¨ ¸ μ¡· §μ¢ ´¨¥³ ¶μ¸²¥¤´¨³ ¶·μÎ´μ ¸μ·¡¨·Ê¥³ÒÌ ËÉμ·¨¤´ÒÌ ±μ³-
¶²¥±¸μ¢ [6, 7]. �¤´ ±μ · §¤¥²¨ÉÓ Nb ¨ Ta ¢ ¸·¥¤¥ HF ¨ ¶μ²ÊÎ¨ÉÓ ´¥¡μ²ÓÏ¨¥
¶μ μ¡Ñ¥³Ê Ë· ±Í¨¨ ± ¦¤μ£μ ¨§ ´¨Ì ¤μ¢μ²Ó´μ ¸²μ¦´μ ¨§-§  ¢Ò¸μ±¨Ì §´ -
Î¥´¨° ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö. �μÔÉμ³Ê ¶μ¢¥¤¥´¨¥ ÔÉ¨Ì Ô²¥³¥´Éμ¢
¨§ÊÎ ÕÉ ¢ ¸³¥Ï ´´ÒÌ · ¸É¢μ· Ì, ¸μ¤¥·¦ Ð¨Ì HF, É ±¨Ì ± ±: HF/NH4F [8],
HF/NH4SCN [9], HF/HCl [10Ä14], HF/HNO3 [15Ä17] ¨ HF/H2SO4 [14, 16, 18].

�  μ¸´μ¢ ´¨¨ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ²¨É¥· ÉÊ·´ÒÌ ¤ ´´ÒÌ ³μ¦´μ ¸¤¥² ÉÓ
¢Ò¢μ¤, ÎÉμ F−-¸μ¤¥·¦ Ð¨¥ · ¸É¢μ·Ò Í¥²¥¸μμ¡· §´μ · ¸¸³ É·¨¢ ÉÓ ¢ ± Î¥-
¸É¢¥ Ô²Õ¥´Éμ¢ ¤²Ö  ´¨μ´μμ¡³¥´´μ£μ ¨§μ±· É¨Î¥¸±μ£μ · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢
£·Ê¶¶Ò 5. � §· ¡μÉ±¥ É ±μ° ³¥Éμ¤¨±¨ ¨ ¶μ¸¢ÖÐ¥´μ ´ ¸ÉμÖÐ¥¥ ¸μμ¡Ð¥´¨¥.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

„²Ö · §· ¡μÉ±¨ ³¥Éμ¤¨±¨ Ì¨³¨Î¥¸±μ£μ · §¤¥²¥´¨Ö ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¡¥§-
´μ¸¨É¥²Ó´Ò¥ · ¤¨μ´Ê±²¨¤Ò ´¨μ¡¨Ö, É ´É ²  ¨ £ Ë´¨Ö ¢ ·¥ ±Í¨ÖÌ (α, xn) ´ 
Í¨±²μÉ·μ´¥ “-200 (‹Ÿ� �ˆŸˆ). • · ±É¥·¨¸É¨±¨ ¨ ³¥Éμ¤Ò ¶μ²ÊÎ¥´¨Ö ¨§μÉμ-
¶μ¢ Ô²¥³¥´Éμ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥, ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.
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’ ¡²¨Í  1. Ÿ¤¥·´Ò¥ ¸¢μ°¸É¢  ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ · ¡μÉ¥ · ¤¨μ¨§μÉμ¶μ¢

�¥ ±Í¨Ö ¶μ²ÊÎ¥´¨Ö ˆ§μÉμ¶
	´¥·£¨Ö, ±Ô‚

T1/2, ¸ÊÉ(μÉ´μ¸¨É¥²Ó´ Ö
¨´É¥´¸¨¢´μ¸ÉÓ, %)

natY (α; xn)
91mNb

104,6 (0,5)
60,9

1204,8 (2,9)
92mNb 934,5 (99,0) 10,15

natLu (α; xn) 177Ta
55,8 (41,8)

2,36
112,9 (7,2)

natYb (α; xn) 175Hf 343,4 (84,0) 70,0
237Np

α→ 233Pa 312,2 (38,6) 27,0

•¨³¨Î¥¸±μ¥ ¢Ò¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ Nb, Ta ¨ Hf μ¶¨¸ ´μ ¢ · ¡μÉ Ì [5, 19].
�μ²ÊÎ¥´¨¥ 233Pa. ‘¶μ¸μ¡ ¶μ²ÊÎ¥´¨Ö ¶·μÉ ±É¨´¨Ö μ¸´μ¢ ´ ´  ³´μ£μ±· É-

´μ³ ¨§¢²¥Î¥´¨¨ 233�  (¶μ ³¥·¥ ¥£μ ´ ±μ¶²¥´¨Ö) ¨§ ³ É¥·¨´¸±μ£μ · ¤¨μ´Ê-
±²¨¤  237Np [20]. ‚ μ¸´μ¢¥ ¶·¨´Í¨¶  ²¥¦¨É ¸μ§¤ ´¨¥ ¨§μÉμ¶´μ£μ £¥´¥· Éμ·  ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¨²Ó´μ±¨¸²μÉ´μ£μ ± É¨μ´¨É  ¨ · §¡ ¢²¥´´ÒÌ · ¸É¢μ·μ¢ ¶² -
¢¨±μ¢μ° ±¨¸²μÉÒ ¢ ± Î¥¸É¢¥ Ô²Õ¥´É  ¤μÎ¥·´¥£μ ¶·μ¤Ê±É  [21].

�¨¸. 1. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥-
´¨Ö Np ¨ �  ´  ¸³μ²¥ Dowex 50 × 8
¢ · ¸É¢μ· Ì HF · §²¨Î´μ° ±μ´Í¥´-
É· Í¨¨ [20]

�·¨ ¸μ§¤ ´¨¨ £¥´¥· Éμ·  ´¥¶ÉÊ´¨° ¢
· ¢´μ¢¥¸¨¨ ¸ ¶·μÉ ±É¨´¨¥³ ´ ´μ¸¨²¨ ¨§
0,1 Œ · ¸É¢μ·  HNO3 ´  ±μ²μ´±Ê 4,7 ×
57 ³³ ¸μ ¸³μ²μ° Dowex 50 × 8 (100Ä
200 ³¥Ï). „¥¸μ·¡Í¨Ö ¶·μÉ ±É¨´¨Ö μ¸Ê-
Ð¥¸É¢²Ö² ¸Ó · ¸É¢μ· ³¨ HF ¸ ±μ´Í¥´É· -
Í¨¥° < 0,01 Œ. ‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¶·μÉ ±-
É¨´¨° μ¡· §Ê¥É ¶·μÎ´Ò¥  ´¨μ´´Ò¥ ±μ³-
¶²¥±¸Ò ¸ F−-¨μ´ ³¨ ¨ ¢Ò³Ò¢ ¥É¸Ö ¢ ¶¥·-
¢ÒÌ ¶μ·Í¨ÖÌ Ô²Õ É , ¢ Éμ ¢·¥³Ö ± ± ´¥-
¶ÉÊ´¨° ¶·μÎ´μ Ê¤¥·¦¨¢ ¥É¸Ö ¸³μ²μ°. � 
·¨¸. 1 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ μ ¢²¨Ö´¨¨ ±μ´-
Í¥´É· Í¨¨ HF ´  ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥-
¤¥²¥´¨Ö Np ¨ Pa. ‚¨¤´μ, ÎÉμ ´ ¨¡μ²¥¥
Ê¤μ¡´Ò³¨ ¤²Ö Ô²Õ¨·μ¢ ´¨Ö ¶·μÉ ±É¨´¨Ö
Ö¢²ÖÕÉ¸Ö · ¸É¢μ·Ò HF ¸ ±μ´Í¥´É· Í¨¥°
1 · 10−3−2,5 · 10−3 Œ, É ± ± ± ¢ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¤μ¸É¨£ ¥É¸Ö ³ ±¸¨³ ²Ó´ Ö
· §´¨Í  ¢ ±μÔËË¨Í¨¥´É Ì · ¸¶·¥¤¥²¥´¨Ö Np ¨ Pa ¶·¨ ³ ²ÒÌ §´ Î¥´¨ÖÌ Kd

¤²Ö ¶μ¸²¥¤´¥£μ. 	Éμ ¶μ§¢μ²Ö¥É ³´μ£μ±· É´μ Ô²Õ¨·μ¢ ÉÓ �  ¢ ³¨´¨³ ²Ó´μ³
μ¡Ñ¥³¥ Ë· ±Í¨¨ ¸ ¢Ò¸μ±μ° Ê¤¥²Ó´μ°  ±É¨¢´μ¸ÉÓÕ (¡μ²¥¥ 90% �  ¢Ò³Ò¢ ¥É¸Ö
¢ ¶¥·¢ÒÌ 2 ³²) ¨ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ μÎ¨¸É±¨. �μ¸²¥ ¢Ò¤¥²¥´¨Ö ¶·μÉ ±É¨-
´¨Ö ±μ²μ´±  ¶·μ³Ò¢ ¥É¸Ö ¢μ¤μ° ¨ Ì· ´¨É¸Ö ¤μ ¸²¥¤ÊÕÐ¥£μ ¨§¢²¥Î¥´¨Ö ´ ±μ-
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�¨¸. 2. ‘¶¥±É·Ò:  )  ²¨±¢μÉ  ¨¸Ìμ¤´μ£μ · ¸É¢μ·  237Np/233� ; ¡) Pa-Ë· ±Í¨Ö ¶μ¸²¥
Ô²Õ¨·μ¢ ´¨Ö ¸ ± É¨μ´μμ¡³¥´´μ° ±μ²μ´±¨

¶¨¢Ï¥£μ¸Ö ¶·μÉ ±É¨´¨Ö. ’ ±ÊÕ ¶·μÍ¥¤Ê·Ê ¶μ¢Éμ·ÖÕÉ ¶¥·¨μ¤¨Î¥¸±¨ ¤μ É¥Ì
¶μ·, ¶μ±  ¢ Ô²Õ É¥ ´¥ ¡Ê¤¥É μ¡´ ·Ê¦¥´   ±É¨¢´μ¸ÉÓ, ¶·¨´ ¤²¥¦ Ð Ö 237Np.
� ²¨Î¨¥ ´¥¶ÉÊ´¨Ö ¢ � -Ë· ±Í¨¨ ±μ´É·μ²¨·μ¢ ²¨ ¶μ γ-¸¶¥±É·Ê ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ Éμ´±μ£μ Ge-¤¥É¥±Éμ· . �  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ¸¶¥±É·Ò  ²¨±¢μÉÒ ¨¸Ìμ¤´μ£μ
· ¸É¢μ·  237Np/233� , ¸μ·¡¨·μ¢ ´´μ£μ ± É¨μ´μμ¡³¥´´μ° ¸³μ²μ°, ¨ Ë· ±Í¨¨
Ô²Õ É .

� ¸É¢μ·Ò, ¸μ¤¥·¦ Ð¨¥ ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ · ¡μÉ¥ · ¤¨μ´Ê±²¨¤Ò, Ê¶ ·¨¢ ²¨
¤μ¸ÊÌ  ¨ · ¸É¢μ·Ö²¨ ¸ÊÌμ° μ¸É Éμ± ¢ 0,2 ³² 1 Œ HF. �μ²ÊÎ¥´´Ò° · ¸É¢μ·
¨¸¶μ²Ó§μ¢ ²¨ ¢ ± Î¥¸É¢¥ ¨¸Ìμ¤´μ£μ ¤²Ö ´ ´¥¸¥´¨Ö ´   ´¨μ´μμ¡³¥´´ÊÕ ¸³μ²Ê
¶¥·¥¤ · §¤¥²¥´¨¥³ Ô²¥³¥´Éμ¢. ”· ±Í¨¨ Ô²¥³¥´Éμ¢  ´ ²¨§¨·μ¢ ²¨ ¸ ¶μ³μÐÓÕ
γ-¸¶¥±É·μ³¥É·  ¸ Ge-¤¥É¥±Éμ·μ³ (ORTEC) ¶μ ¸É ´¤ ·É´μ° ³¥Éμ¤¨±¥.

�…‡“‹œ’�’› ˆ �	‘“†„…�ˆ…

�´ ²¨§ ²¨É¥· ÉÊ·´ÒÌ ¤ ´´ÒÌ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ´ ¨¡μ²ÓÏ¨°
¨´É¥·¥¸ ¶·¨ · §· ¡μÉ±¥ ³¥Éμ¤¨±  ´¨μ´μμ¡³¥´´μ£μ · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ £·Ê¶-
¶Ò 5 ¢ ¨§μ±· É¨Î¥¸±μ³ ·¥¦¨³¥ ¢Ò§Ò¢ ÕÉ ¸¨¸É¥³Ò HF/NH4F ¨ HF/HNO3.
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‚ ¸³¥Ï ´´ÒÌ · ¸É¢μ· Ì HF/NH4F Ê³¥´ÓÏ¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥-
²¥´¨Ö μ¡μ¨Ì Ô²¥³¥´Éμ¢ ¶·μ¨¸Ìμ¤¨É ¸ ·μ¸Éμ³ ±μ´Í¥´É· Í¨° ± ± ±¨¸²μÉÒ, É ±
¨ ËÉμ·¨¤   ³³μ´¨Ö [8]. ‚ ±μ´¥Î´μ³ ¸Î¥É¥ §´ Î¥´¨Ö Kd ¶μ§¢μ²ÖÕÉ · §¤¥²ÖÉÓ
´¨μ¡¨° ¨ É ´É ² ¨ ¶μ²ÊÎ ÉÓ ´¥¡μ²ÓÏ¨¥ μ¡Ñ¥³Ò Ë· ±Í¨°. ‚ É ¡². 2 ¶·¥¤¸É -
¢²¥´Ò ¤¨ ¶ §μ´Ò ±μ´Í¥´É· Í¨° · ¸É¢μ·μ¢ HF/NH4F ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³
³¨´¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ £·Ê¶¶ 3Ä5
¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸³μ²Ò Dowex 1 × 8. ‚¨¤´μ, ÎÉμ ¢Ò¤¥²¥´¨¥ ¨ · §¤¥²¥´¨¥
Nb ¨ Ta ³μ¦´μ ¶·μ¢μ¤¨ÉÓ ¶·¨ ±μ´Í¥´É· Í¨¨ μ¡μ¨Ì ±μ³¶μ´¥´Éμ¢ Ô²Õ¥´É 
� 3 Œ.

’ ¡²¨Í  2. „¨ ¶ §μ´Ò ±μ´Í¥´É· Í¨° · ¸É¢μ·μ¢ HF/NH4F ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³
³¨´¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸³μ²Ò
Dowex 1 × 8 [8]

	²¥³¥´É
Kd,
³²/£

Šμ´Í¥´É· Í¨Ö, Œ
HF NH4F

Nb
< 20

> 2 > 2
Ta � 3 � 3
Pa < 5

� 0,2
� 2

Hf < 10 � 7
Sc < 5 � 1

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · §¤¥²¥´¨Ö ´¨μ¡¨Ö ¨ É ´É ²  ¸³¥Ï ´-
´Ò³ · ¸É¢μ·μ³ 4 M HF/3 M NH4F. ŠμÔËË¨Í¨¥´É · §¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢
¸μ¸É ¢²Ö¥É αTa/Nb ≈ 1,3. “²ÊÎÏ¨ÉÓ · §¤¥²¥´¨¥ ¢μ§³μ¦´μ §  ¸Î¥É μ¶É¨³¨§ -

�¨¸. 3. ˆ§μ±· É¨Î¥¸±μ¥ · §¤¥²¥´¨¥ Nb ¨ Ta ´  ±μ²μ´±¥ 4,7 × 54 ³³ ¸μ ¸³μ²μ° AG
1 × 8 (100Ä200 ³¥Ï) ¸³¥Ï ´´Ò³ · ¸É¢μ·μ³ 4 M HF/3 M NH4F
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Í¨¨ £¥μ³¥É·¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ±μ²μ´±¨ ¨ ¸³μ²Ò. �¤´ ±μ Ê± § ´´ Ö ¸¨¸É¥³ 
¨³¥¥É ¸ÊÐ¥¸É¢¥´´Ò° ´¥¤μ¸É Éμ±. �·¨ Ê¶ ·¨¢ ´¨¨ · ¸É¢μ·μ¢ ¤²Ö ¶·¨£μÉμ¢²¥-
´¨Ö ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ ¡Ê¤¥É μ¡· §μ¢Ò¢ ÉÓ¸Ö ¸³¥¸Ó ±·¨¸É ²²μ¢
NH4F ¨ NH4HF2, ÎÉμ § É·Ê¤´¨É ¨§³¥·¥´¨Ö ¢ 4π-£¥μ³¥É·¨¨. ‚μ§£μ´±  ±·¨-
¸É ²²μ¢ ¶μÉ·¥¡Ê¥É ´ £·¥¢  ¤μ 126 ¨ 167 ◦‘ ¸μμÉ¢¥É¸É¢¥´´μ, ÎÉμ ¶·¨¢¥¤¥É ±
¤¥¸É·Ê±Í¨¨ Éμ´±μ° ¶μ²¨³¥·´μ° ¶²¥´±¨, Ö¢²ÖÕÐ¥°¸Ö ¶μ¤²μ¦±μ° ¨¸ÉμÎ´¨± .

‚ ¸¨¸É¥³¥ HF/HNO3 ³μ¦´μ ¢Ò¤¥²¨ÉÓ μ¡² ¸É¨ ±μ´Í¥´É· Í¨° ±¨¸²μÉ
(·¨¸. 4) ¸ μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏ¨³¨ §´ Î¥´¨Ö³¨ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥-
²¥´¨Ö Nb ¨ Ta ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸³μ²Ò Dowex 1 × 8 [17].

�¨¸. 4. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Nb ( ) ¨ Ta (¡) ³¥¦¤Ê ¸³μ²μ° Dowex 1 × 8 ¨
¸³¥Ï ´´Ò³¨ · ¸É¢μ· ³¨ HF/HNO3 (¶μ ¤ ´´Ò³ · ¡μÉÒ [17])

‚ ÔÉμ° ¸¨¸É¥³¥ É¥´¤¥´Í¨¨ ¨§³¥´¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö Ê± -
§ ´´ÒÌ Ô²¥³¥´Éμ¢ ¨³¥ÕÉ · §´μ´ ¶· ¢²¥´´Ò° Ì · ±É¥·. �μÔÉμ³Ê ¨¸¸²¥¤μ¢ -
´¨¥  ´¨μ´μμ¡³¥´´μ£μ ¶μ¢¥¤¥´¨Ö Nb ¨ ’  ¢ · ¸É¢μ· Ì HF/HNO3 · §²¨Î´μ£μ
¸μ¸É ¢  ¶μ§¢μ²Ö¥É ¡μ²¥¥ £²Ê¡μ±μ ¨§ÊÎ ÉÓ Ì¨³¨Î¥¸±¨¥ ¸¢μ°¸É¢  ÔÉ¨Ì Ô²¥³¥´Éμ¢.

�  ·¨¸. 5 ¶μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · §¤¥²¥´¨Ö ´¨μ¡¨Ö, É ´É ²  ¨ £ Ë´¨Ö ¢
¸·¥¤¥ HF/HNO3. ŠμÔËË¨Í¨¥´ÉÒ · §¤¥²¥´¨Ö Nb ¨ ’  ¸μ¸É ¢²ÖÕÉ αTa/Nb ≈
3,4 (·¨¸. 5,  ) ¨ αNb/Ta ≈ 1,3 (·¨¸. 5, ¡).

� ¡²Õ¤ ¥É¸Ö ¨´¢¥·¸¨Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ô²Õ¨·μ¢ ´¨Ö ´¨μ¡¨Ö ¨ É ´-
É ² . ˆ§³¥´¥´¨¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ô²Õ¨·μ¢ ´¨Ö ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ É¥³, ÎÉμ
´¨μ¡¨° ¢ · ¸É¢μ· Ì HF μ¡· §Ê¥É ±μ³¶²¥±¸Ò ¢¨¤  [NbOFn]3−n ¨²¨
[Nb(OH)2Fn]3−n ¤ ¦¥ ¶·¨ ¢Ò¸μ±μ° ±μ´Í¥´É· Í¨¨ ¶² ¢¨±μ¢μ° ±¨¸²μÉÒ ¨
²¨ÏÓ ¶·¨ ±μ´Í¥´É· Í¨¨ > 10 M HF Å ±μ³¶²¥±¸Ò ¢¨¤  [NbFn]5−n. ‚ Éμ
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�¨¸. 5. ˆ§μ±· É¨Î¥¸±μ¥ · §¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ Nb, Ta ¨ Hf ´  ±μ²μ´±¥ 4,7× 57 ³³ ¸μ
¸³μ²μ° AG 1 × 8 (100Ä200 ³¥Ï)

¦¥ ¸ ³μ¥ ¢·¥³Ö É ´É ² μ¡· §Ê¥É ±μ³¶²¥±¸Ò ¢¨¤  [’ Fn]5−n ¤ ¦¥ ¢ · §¡ ¢²¥´-
´ÒÌ · ¸É¢μ· Ì HF [8]. ’ ±¨³ μ¡· §μ³, ¸³¥Ï ´´Ò¥ · ¸É¢μ·Ò HF/HNO3 ³μ¦´μ
¶·¨³¥´ÖÉÓ ¤²Ö · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5. �μ²¥¥ Éμ£μ, ´ ¡²Õ¤ ¥³Ò¥ ¶·μ-
É¨¢μ¶μ²μ¦´Ò¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ô²Õ¨·μ¢ ´¨Ö ´¨μ¡¨Ö ¨ É ´É ²  Ê± §Ò¢ ÕÉ
´  ¤μ¶μ²´¨É¥²Ó´μ¥ ¶·¥¨³ÊÐ¥¸É¢μ ¢Ò¡· ´´μ° ¸¨¸É¥³Ò ¶·¨ ¨§ÊÎ¥´¨¨ ¢²¨Ö´¨Ö
·¥²ÖÉ¨¢¨¸É¸±¨Ì ÔËË¥±Éμ¢ ´  Ì¨³¨Î¥¸±¨¥ ¸¢μ°¸É¢  ¤Ê¡´¨Ö.

�¤´ ±μ ¶·¨³¥´¥´¨¥ É ±μ° ¸¨¸É¥³Ò ´¥¢μ§³μ¦´μ ¡¥§ ¶·¥¤¢ ·¨É¥²Ó´μ° μ¶É¨-
³¨§ Í¨¨ ¶·μÍ¥¸¸  · §¤¥²¥´¨Ö. �É´μ¸¨É¥²Ó´μ ¡μ²ÓÏ¨¥ μ¡Ñ¥³Ò Ë· ±Í¨° ± -
¦¤μ£μ Ô²¥³¥´É  ³μ¦´μ Ê³¥´ÓÏ¨ÉÓ, ¨¸¶μ²Ó§ÊÖ ¸³μ²Ò ³¥´ÓÏ¥£μ §¥·´¥´¨Ö ¨ ¸
³¥´ÓÏ¨³ ¸μ¤¥·¦ ´¨¥³ ¤¨¢¨´¨²¡¥´§μ² .

�  ·¨¸. 6 ¶μ± § ´μ · §¤¥²¥´¨¥ Hf, Nb ¨ ’  ´  ¸³μ²¥ Dowex 1 × 4
(−400 ³¥Ï). ŠμÔËË¨Í¨¥´ÉÒ · §¤¥²¥´¨Ö Nb ¨ ’  ¸μ¸É ¢²ÖÕÉ αTa/Nb ≈ 2,6
(·¨¸. 6,  ) ¨ αNb/Ta ≈ 1,3 (·¨¸. 6, ¡). ‚¨¤´μ, ÎÉμ Ê¤ ²μ¸Ó ¶μÎÉ¨ ¢¤¢μ¥ ¸μ±· -
É¨ÉÓ ¸Ê³³ ·´Ò° μ¡Ñ¥³ Ë· ±Í¨° ´¨μ¡¨Ö ¨ É ´É ²  ¶μ ¸· ¢´¥´¨Õ ¸ ¤ ´´Ò³¨
·¨¸. 5. �¡  · §¤¥²¥´¨Ö ¶·μ¢¥¤¥´Ò ¶·¨ μ¤¨´ ±μ¢μ° ±μ´Í¥´É· Í¨¨ HNO3, ÎÉμ
¶μ¤É¢¥·¦¤ ¥É μ¶·¥¤¥²ÖÕÐ¨° ¢±² ¤ ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ HF ¢ ¶μ·Ö¤μ±
Ô²Õ¨·μ¢ ´¨Ö Ô²¥³¥´Éμ¢.

„²Ö ¤ ²Ó´¥°Ï¥° μ¶É¨³¨§ Í¨¨ · §¤¥²¥´¨Ö ´¥μ¡Ìμ¤¨³μ É ±¦¥ ¢ ·Ó¨·μ¢ ÉÓ
£¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ±μ²μ´μ±. „²Ö ·¥Ï¥´¨Ö ÔÉμ° § ¤ Î¨ ¡Ò² ¨¸¶μ²Ó§μ-
¢ ´ ³ É¥³ É¨Î¥¸±¨°  ¶¶ · É, ¶μ§¢μ²ÖÕÐ¨° ³μ¤¥²¨·μ¢ ÉÓ ¶μ¢¥¤¥´¨¥ Ô²¥³¥´-
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�¨¸. 6. ˆ§μ±· É¨Î¥¸±μ¥ · §¤¥²¥´¨¥ Nb, Ta ¨ Hf ´  ±μ²μ´±¥ 4,7 × 57 ³³ ¸μ ¸³μ²μ°
Dowex 1 × 4 (Ä400 ³¥Ï) ¶·¨ ¸±μ·μ¸É¨ Ô²Õ¥´É  0,25 ³²/³¨´

Éμ¢ ¶·¨ ¨μ´´μ³ μ¡³¥´¥. � ¨¡μ²¥¥ ¶μ²´μ Ëμ·³Ê ¢ÒÌμ¤´μ° ±·¨¢μ° μÉ· ¦ ¥É
³μ¤¥²Ó ƒ²Õ± ÊË  [22, 23], ÊÎ¨ÉÒ¢ ÕÐ Ö É ±¨¥ ²¥£±μ ¨§³¥´Ö¥³Ò¥ Ô±¸¶¥·¨-
³¥´É Éμ·μ³ ¶ · ³¥É·Ò, μ¶·¥¤¥²ÖÕÐ¨¥ ¢Ò¡μ· ´ Î ²Ó´ÒÌ Ê¸²μ¢¨° · §¤¥²¥´¨Ö,
± ±:

• ¢Ò¸μÉ  ¸²μÖ ¸μ·¡¥´É  ¢ ±μ²μ´±¥;
• ¤¨ ³¥É· ±μ²μ´±¨;
• · ¤¨Ê¸ Î ¸É¨Í ¸³μ²Ò;
• ²¨´¥°´ Ö ¸±μ·μ¸ÉÓ ¶μÉμ± .
�¶·¥¤¥²¥´´Ò° ¨´É¥·¥¸ ¢Ò§Ò¢ ¥É ¶μ¢¥¤¥´¨¥ ¶·μÉ ±É¨´¨Ö ¢ Ê± § ´´ÒÌ

Ê¸²μ¢¨ÖÌ. Š ± ¢¨¤´μ ¨§ ·¨¸. 7, ¢ ¨§μ±· É¨Î¥¸±μ³ ·¥¦¨³¥ Ê¤ ²μ¸Ó · §¤¥-
²¨ÉÓ ¢¸¥ É·¨ £μ³μ²μ£  ¤Ê¡´¨Ö. �·¨ ÔÉμ³ ¶μ²μ¦¥´¨Ö ¶¨±μ¢ Pa ¨ Hf μ± § -
²¨¸Ó ¡²¨§±¨ ¤·Ê£ ± ¤·Ê£Ê. ŠμÔËË¨Í¨¥´ÉÒ · §¤¥²¥´¨Ö Nb ¨ ’  ¸μ¸É ¢²ÖÕÉ
αTa/Nb ≈ 1,5 (·¨¸. 7,  ) ¨ αNb/Ta ≈ 1,3 (·¨¸. 7, ¡). “¢¥²¨Î¥´¨¥ ±μ´Í¥´É· -
Í¨¨  §μÉ´μ° ±¨¸²μÉÒ ¢ Ô²Õ¥´É¥ (·¨¸. 7,  ) ¶·¨¢¥²μ ± Ê³¥´ÓÏ¥´¨Õ ¸Ê³³ ·´μ£μ
μ¡Ñ¥³  Ë· ±Í¨¨ ´¨μ¡¨Ö ¨ É ´É ²  §  ¸Î¥É ¶μ´¨¦¥´¨Ö ±μÔËË¨Í¨¥´É  ¨Ì · §¤¥-
²¥´¨Ö. �¤´ ±μ É ±μ¥ ¨§³¥´¥´¨¥ ¸μ¸É ¢  Ô²Õ¥´É  ¶μ§¢μ²¨²μ ¤μ¸É¨ÎÓ §´ Î¥´¨Ö
±μÔËË¨Í¨¥´É  · §¤¥²¥´¨Ö Nb ¨ � , · ¢´μ£μ αNb/Pa ≈ 8,7. �·¨ μ¡· É´μ°
¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ô²Õ¨·μ¢ ´¨Ö ´¨μ¡¨Ö ¨ É ´É ²  (·¨¸. 7, ¡) ±μÔËË¨Í¨¥´É
· §¤¥²¥´¨Ö ’  ¨ �  ¸μ¸É ¢¨² αTa/Pa ≈ 8,6 §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö ¸μμÉ´μÏ¥´¨Ö
¤¨ ³¥É·  ±μ²μ´±¨ ¨ ¢Ò¸μÉÒ ¸²μÖ ¸μ·¡¥´É .
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�¨¸. 7. ˆ§μ±· É¨Î¥¸±μ¥ · §¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ Pa, Nb, Ta ¨ Hf ¸³¥Ï ´´Ò³¨ · ¸É¢μ· ³¨
HF/HNO3 ´  ±μ²μ´± Ì ¸μ ¸³μ²μ° Dowex 1 × 4 (Ä400 ³¥Ï) ¶·¨ ¸±μ·μ¸É¨ Ô²Õ¥´É 
0,25 ³²/³¨´

‡�Š‹
—…�ˆ…

‚ Ìμ¤¥ ³μ¤¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¡Ò²¨ · §· ¡μÉ ´Ò ³¥Éμ¤¨±¨  ´¨μ´μ-
μ¡³¥´´μ£μ · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5 ¶·¨ ¶μ¸ÉμÖ´¸É¢¥ ¸μ¸É ¢  Ô²Õ¥´É .
�μ± § ´  ¶·¨´Í¨¶¨ ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ · §¤¥²¥´¨Ö ´¨μ¡¨Ö ¨ É ´É ²  ¢ ¸¨-
¸É¥³¥ HF/NH4F. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · §¤¥²¥´¨Ö Nb, Ta ¨ �  ¢ ¸³¥Ï ´´ÒÌ
· ¸É¢μ· Ì ±¨¸²μÉ HF/HNO3. ‚ § ¢¨¸¨³μ¸É¨ μÉ ¸μ¸É ¢  ¸·¥¤Ò ´ ¡²Õ¤ ¥É¸Ö
¨§³¥´¥´¨¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ô²Õ¨·μ¢ ´¨Ö ´¨μ¡¨Ö ¨ É ´É ² , ÎÉμ Ö¢²Ö¥É¸Ö
¤μ¶μ²´¨É¥²Ó´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ¶·¨ ¨§ÊÎ¥´¨¨ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¤Ê¡´¨Ö.
�·μ¢¥¤¥´  μ¶É¨³¨§ Í¨Ö ¶ · ³¥É·μ¢ · §¤¥²¥´¨Ö ¸ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö μ¡Ñ¥³μ¢
Ë· ±Í¨° ± ¦¤μ£μ Ô²¥³¥´É  ¨ Ê¢¥²¨Î¥´¨Ö ¸É¥¶¥´¨ · §¤¥²¥´¨Ö. „ ´´ Ö ³¥-
Éμ¤¨±  ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¨§ÊÎ¥´¨Õ Ì¨³¨Î¥¸±¨Ì
¸¢μ°¸É¢ Db ¢ ·¥¦¨³¥ off-line.

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¸¢μÕ ¡² £μ¤ ·´μ¸ÉÓ ‹.ˆ. ƒÊ¸¥¢μ° § 
±μ´¸Ê²ÓÉ Í¨¨ ¶·¨ ¶μ¤£μÉμ¢±¥ ¨§μÉμ¶´μ£μ £¥´¥· Éμ·  ¤²Ö ³´μ£μ±· É´μ£μ ¢Ò-
¤¥²¥´¨Ö 233�  ¨ ƒ.Š. ‚μ¸Éμ±¨´Ê §  ¶μ³μÐÓ ¢ ¨§£μÉμ¢²¥´¨¨ ³¨Ï¥´¥° ¤²Ö μ¡-
²ÊÎ¥´¨Ö ´  Ê¸±μ·¨É¥²¥ “-200.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É º 07-03-
00430).
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