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A B S T R AC T

Three membrane distillation (MD) confi gurations, vacuum membrane distillation (VMD), 
sweeping gas membrane distillation (SGMD) and direct contact membrane distillation (DCMD), have 
been experimentally studied in a shell-and-tube capillary membrane module using sodium chloride 
aqueous solutions as feed. The fl ux, fresh water conductivity and desalination rate were compared. 
Preliminary experiments by VMD were carried out using seawater and sodium chloride aqueous 
solutions with the same salinity as seawater as feed. The infl uences of operating parameters: the fl ow 
rate, feed temperature, concentration, and permeate vacuum, have been investigated. The saline solu-
tion had higher fl ux than seawater since the membrane fouling. The membrane fouling was analyzed 
by SEM and the results indicate that embrane fouling is very serious in seawater desalination by VMD 
which resulting that the fl ux decreases obviously with operating time.

Keywords:  Membrane distillation; Polyvinylidene fl uoride (PVDF); Hydrophobic hollow fi ber 
membrane; Vacuum membrane distillation (VMD); Sweeping gas membrane 
distillation (SGMD); Direct contact membrane distillation (DCMD)

1. Introduction

In light of the prevailing serious situation of shortage 
of fresh water resources, people increasingly seek seawa-
ter as fresh water source. At present the main implemen-
tation method of seawater desalination are multi-stage 
fl ash (MSF), multi-effect distillation (ME) and reverse 
osmosis (RO). However, still about 50 percent of the con-
centrated water is discharged. With the enhancement 
of people’s awareness of environmental protection, the 
ecological environment pollution and hazard of the dis-
charged concentrated water to the offshore and coastal 
zones are being paid more and more attention. Therefore, 
the concentrated drainage to seawater should be limited.

Membrane distillation (MD) is a novel process devel-
oped in recent years. It’s being investigated worldwide 
as a low cost, energy saving alternative to conventional 

separation processes such as distillation and reverse osmo-
sis (RO) [1,2]. The benefi ts of MD compared to other more 
popular separation processes mainly stem from the higher 
concentration feed or near to saturation at the feed side and 
the fresh water recovery may reach 80% for 3.5wt% salt 
water. So MD can be used as a new seawater desalination 
method or supplementary one for current technologies.

MD usually refers to a thermally driven transport 
of water vapor through a porous hydrophobic partition 
[1]. One side of the partition (the feed side) is always in 
contact with aqueous solution. The other side (the perme-
ate side) may be brought into contact with four different 
phases: (1) with an aqueous solution, giving rise to the 
confi guration called direct contact membrane distillation 
(DCMC), (2) with a sweeping gas. In this case the process 
is termed sweeping gas membrane distillation (SGMD), 
(3) with stagnant air gap plus a cold plate. This confi gura-
tion is called air gap membrane distillation (AGMD) (4) 
with a vacuum volume. The process is called in this case 


