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Effects of simultaneous chemical cross-linking and physical filling
on separation performances of PU membranes
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Abstract The novel modified polyurethane (PU) mem-

branes were prepared by b-cyclodextrin (CD) cross-linking

and SiO2/carbon fiber filler, simultaneously. The structures,

thermal stabilities, morphologies, and surface properties

were characterized by FTIR, TGA, SEM, and contact

angle. The results showed that the addition of inorganic

particles increased the thermal stabilities of PU mem-

branes. The modified PU membranes possessed more

hydrophobic surfaces than pure PU. In the swelling

investigation, PU and its modified membranes were swel-

led gradually with increasing phenol content in the mix-

ture. The membranes modified by CD cross-linking

(PUCD) demonstrated the highest swelling degree. Per-

vaporation (PV) performances were investigated in the

separation of phenol from water. Three kinds of modified

membranes obtained better permeability and selectivity

than PU membranes. With the feed mixture of 0.5 wt%

phenol at 60 �C, the modified PU membrane by CD cross-

linking and SiO2 filler (PUCD-S) obtained the total flux of

5.92 kg lm m-2 h-1 which was above doubled that of PU

(2.90 kg lm m-2 h-1). The modified PU membrane by

CD cross-linking and carbon fiber filling (PUCD-C)

obtained the separation factor of 51.31 which was nearly

tripled that of PU (17.72). The PUCD membranes showed

both better permeability and selectivity than the pure PU

membranes. The increased phenol content induced an

increased separation factor of PUCD and PU, but a

decreased selectivity of PUCD-S and PUCD-C. The

methods of CD cross-linking and inorganic particle filling

were effective to develop the overall separation perfor-

mances, greatly.
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Introduction

Polyurethane (PU) materials are the attractive polymer

materials for their good mechanical properties and chem-

ical resistances, where they have been widely employed in

the fields of architecture, industry, and medicine [1–4].

Moreover, they are well-known as elastomer block

copolymers with alternating soft and hard segments.

Recently, PU has been developed as a kind of new mem-

brane material for pervaporation (PV) separation owing to

the versatile segmented structures [5]. However, some

studies [6–8] found that PU membranes showed very

limited permeabilities. Gupta et al. [6, 7] prepared HTPB-

based PU membranes cross-linked by excess –NCO

groups. The membranes showed high separation factor, but

a regrettable flux of less than 40 g m-2 h-1. Even after

adding pore-forming agent, the fluxes of the porous PU

membranes were not more than 80 g m-2 h-1 [8] which

narrowed their application range, greatly. It was necessary

to modify PU membranes for possible practical application.

The modification methods for PU membranes usually

included the cross-linking and the filling. Bai et al. [9] used

DVB to cross-link PU membranes for the separation of
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