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Abstract

In the petroleum industry, the mixing of ethanol, isopropanol, and n-butanol with water is a common occurrence during
the production and recovery stages [1]. Obtaining the required level of purity through dehydration presents a significant
obstacle to overcome [2]. Pervaporation, because of its energy efficiency and independence from vapor-liquid
equilibrium constraints, has emerged as a promising method for separating azeotropic mixtures [3]. In this study,
organosilica precursors, 1,2-bis(triethoxysilyl)ethane (BTESE), 1,2-bis(triethoxysilyl)ethylene (BTESEthy), and 1,2-
bis(triethoxysilyl)acetylene (BTESA), were employed to fabricate organosilica membranes via the sol-gel technique.
These membranes were then utilized for pervaporation dehydration of ethanol, isopropanol, and n-butanol. This study
delves into the influence of the degree of unsaturation of the bridged group, feed composition, and carbon atom count
of alcohol on membrane dehydration performance. Notably, among the examined alcohol/water systems, the
membranes exhibited superior separation performance for the n-butanol/water mixtures. As shown in Figure 1, the
BTESE membrane demonstrated a pronounced separation factor, albeit with a diminished permeation flux. Conversely,
the BTESA membrane exhibited a reduced separation factor but an enhanced permeation flux. For the
isopropanol/water and n-butanol/water systems, the BTESE membrane demonstrates satisfying separation
performance. Specifically, for a 90 wt% isopropanol/water mixture, the separation factor increases to 824, with a
permeation flux of 1.95 kg m? h™L, Similarly, for a 90 wt% n-butanol/water mixture, the separation factor reaches 1756,
while sustaining a permeation flux of 1.66 kg m?h~!. More importantly, the comparison between gas permeation and
pervaporation confirmed that the separation mechanism was dominated by molecular sieving through the organosilica
membranes (Figure 2) [4].
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Figure 1. BTESE, BTESEthy, and BTESA were used for pervaporation dehydration of (a) ethanol/water, (b)
isopropanol/water, and (c) n-butanol/water systems at 70 °C.
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Figure 2. Molecular size dependency of gases and vapors molecules permeance for (a) BTESE, (b) BTESEthy (c) BTESA

membrane.
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