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Abstract:
Scaling has been recognized as one of the most prominent problems in membrane distillation (MD) as it can lead to lower water recovery. In this study, the influence of two operating conditions, feed temperature and vapor flux, on gypsum scaling, have been investigated in the context of direct contact membrane distillation (DCMD). It is found that, with a fixed vapor flux, a higher feed temperature would result in a lower water recovery as the solubility of gypsum decreases with elevated temperature. For a fixed feed temperature, the concentration polarization (CP) effect predicts that higher vapor flux leads to higher salt concentration on the membrane surface, which facilitates scaling and leads to lower recovery. However, it is found that water recovery does not simply decrease as vapor flux increases. This can be attributed to the temperature polarization (TP) effect. With a fixed feed temperature, a higher vapor flux would correspond to a lower membrane surface temperature. A lower membrane surface temperature would result in a higher solubility of gypsum and consequently contribute to a higher water recovery. To comprehensively justify the interplay between CP and TP in the gypsum scaling process, we develop a mathematical model that can predict the water recovery in a DCMD process. This work provides important insights into gypsum scaling mitigation and operating condition optimization for DCMD.
