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Fig. 9 Effect of solid-liquid ratio on adsorption capacity and adsorption efficiency of real industrial wastewater
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Study on the Adsorption Characteristics of Clinoptilolite
for High-Concentration Rubidium and
Cesium-Containing Wastewater

CHEN Yanbin', XIA Kaisheng', MENG Yi', LIU Qianxin', LIU Chengkai', WU Mingzhu',
TIAN Yunfeng', YANG Zhen*, LIU Chenglin>*", HAO Xiaofei’, WANG Yang', LI Zhen'
(1. Faculty of Materials Science and Chemistry, China University of Geosciences, Wuhan , 430078, China;

2. School of Earth Resources, China University of Geosciences, Wuhan, 430078, China; 3. The National 305
Project Office of the People’ s Government of Xinjiang , Urumgi, 830002, China; 4. Zhengzhou Institute of
Multipurpose Utilization of Mineral Resources, Chinese Academy of Geological Sciences , Zhengzhou , 450006 )

Abstract: High concentrations of rubidium (Rb*) and cesium (Cs*) ions in industrial wastewater pose seri-
ous environmental risks. In this study, a low-cost natural ore adsorbent was prepared using clinoptilolite
sourced from the Beipiao Clinoptilolite Mine in Liaoning Province through a simple process involving
crushing and rinsing with pure water. The adsorption performance of this material toward Rb"and Cs* was
systematically investigated under varying pH, temperature, and initial ion concentrations. Isothermal ad-
sorption models were evaluated, and the material's performance was further tested using real high-
concentration rubidium-cesium-containing wastewater. Experimental results demonstrated adsorption
capacities of 1.25 mmol-g™' for Rb* and 0.68 mmol-g™' for Cs* under optimal conditions (25 °C, pH =8,
5000 mg-L™"). Additionally, over 90% removal of 200 mg-L™"' Rb" and Cs* was achieved within 24 h. The
adsorption kinetics followed a pseudo-second-order model. When applied to actual wastewater, the adsor-
bent exhibited excellent performance, with maximum removal efficiencies of 75.41% for Rb" and 69.26%
for Cs*, particularly effective for the higher concentration of Rb*. Owing to its simple preparation, high effi-
ciency, and low cost, this adsorbent presents an economical and environmentally friendly solution for treat-
ing wastewater rich in Rb" and Cs”, highlighting its potential for practical environmental applications.

Key words: Clinoptilolite; Adsorption; Industrial wastewater; Rubidium ions; Cesium ions





