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Pilot-Scale Experiment of Induced Co-Crystallization for Synergistic Removal of Hardness,
Iron, and Manganese in Groundwater

Cui Hongjun', Huang Chengshuai’, Gao Tao’, Liang Jian>, Zhang Bo', Huang Tinglin’ *

(1. Xi’ an Water Affairs <Group> Planning and Design Research Institute Co. , Ltd. , Xi’an 710061, China;

2. Shaanxi Natural Gas Co. , Lid. , Xi’an 710016, China;

3. School of Environment and Municipal Engineering, Xi’ an University of Architecture and Technology, Xi’ an 710055, China)

Abstract [ Objective] To address the composite contamination of calcium ions (Ca> ), iron ions( Fe’™ ), and manganese ions
(Mn®) in groundwater, and to investigate the synergistic removal efficiency and mechanisms of the induced crystallization process for
these ions. [ Methods] A pilot-scale experiment was conducted using a fluidized bed crystallization process in this paper. The effects
of NaOH dosages, seed crystal dosages, upflow rate, and continuous operation on treatment performance were systematically
investigated. The crystalline products were characterized by scanning electron microscopy ( SEM) and X-ray diffraction ( XRD).
[ Results| Under the optimal conditions of sodium hydroxide( NaOH) dosage at 160 mg/L and seed crystal dosage at 176 g/L, the
total hardness of the effluent was reduced to 120. 82 mg/L, and the mass concentrations of Ca™, Fe**, and Mn>* were 15.21 mg/L,
2.31 mg/L, and 0.25 mg/L, respectively. At this point, the Ca** concentration in the effluent was effectively controlled, however,
the residual Fe®* and Mn** concentrations still exceeded the limits specified in the Standards for Drinking Water Quality (GB 5749—

2022). NaOH dosage, seed crystal dosage, and upflow rate were identified as the three most significant factors influencing treatment
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performance, and their optimal values should be determined experimentally in practical applications. Continuous operation for 25 days
under optimal conditions demonstrated stable effluent quality and maintained high ion removal efficiency. SEM and XRD analysis
revealed that Ca® was removed through the formation of calcium carbonate ( CaCO, ), while Fe** and Mn* were removed via co-

crystallization, reacting with other inorganic ions to form a tetragonal crystalline phase of (Fe, ¢Ca,,sMg,,,Mn,, ) Al, (SiO,),.

[ Conclusion ]

This paper confirms that the induced crystallization process achieves significant synergistic removal of Ca>* , Fe’* | and

Mn>*, with stable system performance. It can serve as an efficient pretreatment technology, providing technical support for the

treatment of water contaminated by such composite pollutants.

Keywords groundwater softening iron ion ( Fe**) removal
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