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Abstract; Nuclear-grade zirconium and hafnium are irreplaceable core materials for building nuclear
reactors. Zirconium and hafnium are naturally symbiotic, but their nuclear properties differ greatly,so the separation
of zirconium and hafnium is the key to the preparation of nuclear-grade zirconium and hafnium. At present, solvent
extraction separation technology is the main process of industrial separation of zirconium and hafnium. This paper
reviews the research progress on synergistic solvent extraction and separation of zirconium and hafnium, focusing on

the law of the separation of zirconium and hafnium by five types of cooperative solvent extraction systems namely:
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neutral-acid, neutral-basic, basic-acid, neutral-neutral, and acid-acid. It is found that most neutral-acid and neutral-
neutral synergistic extraction systems have a more positive effect on the separation of zirconium and hafnium,
especially the addition of neutral organic phosphine extractants can significantly improve the effect of synergistic
extraction systems on the extraction selectivity of zirconium and hafnium. The neutral-alkaline synergistic extraction
system has a synergistic enhancement effect in HSCN or HCI media, while the acid-alkaline synergistic extraction
system has a negative synergistic effect on the extraction and separation of zirconium and hafnium. The effect of acid-
acid synergistic extraction system is related to its acidity. The current research work mainly focuses on the extraction
and separation process of zirconium and hafnium, and there is little research on the synergistic extraction
mechanism. The ionic radius of zirconium and hafnium are very similar, and the chemical properties of the solution
are complex, which have a huge impact on the process and mechanism of the synergistic extraction
reaction. Therefore,it is necessary to strengthen the basic theoretical research on the extraction and separation

mechanism of zirconium and hafnium to provide a theoretical basis for the development of new green and efficient
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extractants and synergistic extraction systems.
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Table 1 Classification and basic structure of the commonly used solvent extractants for separation of Zr and Hf
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Table 2 Composition and effect for several commonly used synergistic solvent extraction systems
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Table 3 Synergistic enhancement factor(R) of the mixed extractants for extraction of Zr or Hft**1

Concentration of HCI/(mol » .- 1)

R for Zr or Hf Extractants

1 2 3 4
TOPO-+D2EHPA 2.63 1.91 2.53 9.78
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TOPO+Cyanex 272 5.15 5.68 7.89 30. 35
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Ry TOPO-+PC 88A 0. 86 1.01 1. 85 9.15
TOPO-+Cyanex 272 2.29 4.15 7.75 18. 25
Note: R= Dyix/(Da+ Dg) 3 Dyix = Distribution coefficient of metal ions with the mixed extractant of A and B; Dy = Distribution coefficient of
metal ions with single extractant A; Dy= Distribution coefficient of metal ions with single extractant B.
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