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Abstract

Ethylene glycol is an important chemical material, which is widely used as a
nonvolatile antifreeze, coolant agent and also as an intermediate for producing different
polymers like polyethylene glycol and polyester, and has become more crucial with
increasing demand in various fields. Currently, ethylene glycol is mainly produced from
two commercial routes: (i) direct ocidation of ethylene to ethylene oxide followed by
hydrolysis of ethylene oxide, and (ii) direct synthesis from syngas. Excessive water or
methanol will be produced as a by-product in the two routes expectively. Therefore, it
is imperative to remove water and methanol from ethylene glycol solutions in order to
obtain pure ethylene glycol product. Pervaporatinon is a novel sparation technology
that has been widely used in the separation of liquid solutions particularly azeotropes
due to its simplicity, energy—saving efficientcy and environmental friendliness.

A membrane with high separation performance is the most important in the
pervaporation process. In this study, the PIM—1 membranes are prepared and applied to
the purification of ethylene glycol. H-NMR, XRD, FTIR, SEM, TGA and water contact
angle were employed to characterize the physico—chemical properties and
microstructure of the as—prepared memebranes. And the relationship between
membrane structure and performance was discussed thoroughly. The main results are
presented as follows:

1) The polymer PIM-1 was synthesized according to the nuclear substitution
reaction and its structure was charazterized. The PIM—1 membrane was prepared and
used to purification of ethylene glycol via pervaporation. The PIM—1 with high purity
and molecular weight was obtained, which shows high mechanical property and
thermostability. Since the kenitic diameter of water and methanol are smaller than that
of ethylene glycol, diffusion process plays the main role in the pervaporation. In the

separation of water/ethylene glycol, the water flux and separation factor increase
1



together with the water content and temperatre of the feed. Comparedly, the methanol
flux and separation factor increase with the methanol content in the feed for separating
of methanol/ethylene glycol, however, the former increasres while the later decreases
with increasing feed temperature.

2) The carboxylated PIM—1 (CPIM—1) with different carboxylation degree was
prepared by the convertion of nitrile groups to carboxyl groups. The effect of
carboxylation degree and hydrophilicity of the membrane on the pervaporation
separation water/ethylene glycol was studied. The carboxylation degree increases with
the reaction time and the carboxylation degree reaches to 94% by reacting for 5 h. As
the carboxylation degree increases, the memebrane hydrophilicity increases, the
membrane flux and water selectivity also increases. The total flux and water flux almost
remain the same as the water content increases from 5% to 25% in the feed, while the
separation factor decreases due ot the saturate sorption of water in membrane.

In summary, the PIM—1 membranes were preparated to remove methanol or water
from ethylene glycol. The PIM-1 membranes have good thermostability and
mechanical properties and show high permeability and moderate selectivity in the
purification of ethylene glycol. The PIM—1 membranes should have a potential

application in the industrial production of ethylene glycol.

Keywords: Pervaporatinon; Polymers of intrinsic microporosity; Membrane separation

technology; Purification of ethylene glycol.
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