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Abstract: To address the issue of limited recovery purity of valuable elements caused by coexisting hardness
ions in oil and gas produced water, this study developed a hardness removal technology based on NCP, aiming
to achieve efficient separation of hardness ions and high-purity recovery of valuable elements. Using sodium
carbonate/sodium hydroxide as a composite crystallization-inducing agent, the removal efficiency of calcium and
magnesium ions as well as the loss rate of valuable elements were systematically investigated by optimizing pH,
dosing ratio, and hydraulic conditions. The results show that under the optimal process parameters, the removal
rates of calcium and magnesium ions reached 94.5% and 85.3% , respectively, while the loss rates of valuable
elements were all below 20%. Through multi-dimensional characterization techniques such as XRD, Raman,
and SEM-EDS, the removal mechanism of calcium and magnesium ions was elucidated: they undergo
heterogeneous nucleation on the seed surface in the form of calcium carbonate and magnesium hydroxide,
respectively, and grow into dense granules. Furthermore, the rough surface structure formed on the granules
effectively compensates for the loss of active sites due to particle growth, thereby maintaining the continuous
treatment capacity of the system. Mechanistic analysis indicates that under alkaline conditions, the negatively
charged seed surface preferentially enriches free calcium and magnesium ions via electrostatic interactions. After
adding the crystallization-inducing agent, a locally supersaturated microenvironment is constructed within the
confined region of the seeds, driving the heterogeneous crystallization process.

Keywords: oilfield produced water; nucleation crystallization pelleting process; calcite; brucite; electrostatic

interaction; high-purity recovery
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Table 1 Analysis of water quality index of oilfield
produced water

Mg/ S*t/ Ba®/ LiT/
(mg/L) (mg/L) (mg/L)
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Fig.1 Performance evaluation of NCP and Chemical Precipitation for hardness removal
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Fig.2 The influence of water quality factors on the crystallization rate of calcium and magnesium
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Fig. 3 Performance evaluation of NCP
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Table 2 Economic evaluation of hardness ion removal

process for oilfield produced water
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