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Abstract

The coal chemical industry chain encompasses multiple stages. With the continuous expansion of industrial scale and the ongoing
advancement of process routes, wastewater discharge has increased rapidly. Large volumes of chemical wastewater are generated
at various stages of production. This type of wastewater has complex water quality components, high pollutant content, and
poses gradually increasing environmental risks. Therefore, achieving zero liquid discharge (ZLD) for coal chemical wastewater
is imperative. The implementation of ZLD technologies can not only effectively reduce environmental pollution but also enhance
resource utilization efficiency, realizing a win-win situation for both economic and environmental benefits. This study focuses on
the treatment of high-salinity wastewater from a coal chemical enterprise in central Xinjiang. It examines the impact of silica on the
operational cycle of nanofiltration membranes during the ZLD process, which involves salt separation and crystallization. Based
on existing theoretical research and actual field operations, the influence of silica on nanofiltration membrane operating pressure,
water production, and fouling conditions was determined. The results indicate that when the silica concentration exceeds 60 mg/
L, the nanofiltration membrane system experiences rapid fouling. By adding sodium metaaluminate and polymeric ferric sulfate to
the pretreatment system, silica can be effectively removed, thereby preventing silica-induced membrane fouling. However, attention
must still be paid to the potential effects of iron and aluminum ions on the nanofiltration membranes after the addition of sodium
metaaluminate and polymeric ferric sulfate.
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