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Abstract: In recent years, synergistic systems of various nitrogenous heterocyclic compounds and organic acid

extractants have been developed, which have significantly improved the extraction performance of nickel and cobalt,

and enhanced the separation effectiveness from impurities. These synergistic systems have great potential in practical

applications. These kinds of synergistic extraction systems consisting of some typical nitrogenous heterocyclic

compounds and organic acid extractants were reviewed in this work. The synergistic effect for nickel and cobalt

extraction and the separation of commonly co-existed impurities were discussed. The possible practical applications

of the synergistic extraction systems were also discussed. The extraction of nickel and cobalt and the separation of

impurity elements were mainly determined by the properties of acid extractants and the effects of nitrogenous

heterocyclic synergists. The synergistic extraction system consisting of organic sulfonic acid, carboxylic acid,

phosphonic acid and nitrogenous heterocyclic compounds showed different selectivity for the separation of metal

impurities. In the production process of nickel and cobalt, they also showed different application value.

Key learning points:

(1) The synergistic extraction system consisted of nitrogenous heterocyclic compounds and organic sulfonic acid
extractants can selectively extract nickel and cobalt and separate iron and aluminium.

(2) The synergistic extraction system composed of nitrogenous heterocyclic compounds and carboxylic acid
extractants can selectively extract nickel and cobalt and separate calcium, magnesium and manganese.

(3) The synergistic extraction system composed of nitrogenous heterocyclic compounds and organic phosphoric acid
extractants can selectively extract nickel, cobalt and manganese, and separate calcium and magnesium.
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Fig.1 Extraction of some metal ions by synergistic extraction
system of DNNSA and pyridyl ester under different pH!8!
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Table 1 Characteristics of extraction of metals by synergistic extraction system of nitrogenous heterocyclic compounds and DNNSA
Compound Chemical structure Performance Problem Aquf?ous Reference
medium
Alkyl SNORONS Cu was strongly extracted, Ni and Co were Phase separation was poor and water ~ Sulfate system [9], [10],
bipyridine Q\/N\)Q extracted at pH<2, Fe(IIT) and Al were slight solubility was high if inappropriate [19]
amine extracted at pH<2, R significantly affected R was selected; synthesis was
the metal extractions. expensive.
Pyridine COOR Cu, Ni were strongly extracted at pH<2, Co extraction was poor, system was  Sulfate system [20-27]
carboxylate (Nj/ good Co extraction at pH>3, all Fe(III), Al, not very stable, phase separation
Mn, Ca and Mg were slightly extracted. was poor.
Pyridine N R Good Ni extraction was at pH=1~2, Fe(II), Co extraction was very poor, Sulfate or [28]
imidazole @QN] Fe(Il) and Zn were slightly extracted at this synthesis was difficult. dilute chloride
N pH range. systems
Pyrazole ) R Ni and Co extraction were much stronger Stripping of Ni and Co was very Sulfate system [29]
derivatives :’; I . N iN,"‘H than that of Fe(IIT), Al, Mg at pH<0.5. difficult, molecular structure was
complex and difficult for synthesis.
Benzimidazole R _\(STN/R The extraction of copper, nickel, zinc and Ni and Co separation from Sulfate system [30]
sulfide @/N N@ cobalt was very high at pH=3~4. impurities, such as Mn, Mg and Cu
was poor.
Benzimidazole H R Co was preferentially extracted at pH=0~2.6, Ni extraction was poor and its Sulfate system [31]
amine R\N’(N NHT’N/ iron was not extracted at this pH range. separation from impurities of Mn,
©/ @ Mg was also very poor.
Cu, Ni and Co were selectively extracted at Stripping of Ni and Co was difficult. ~ Sulfate system [32]

Alkyl /@ N,
N
benzotriazole R N

pH=1~2, Fe and Zn were slightly extracted.
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