
Lecture 11 
 

Membrane separations 
 

In a membrane-separation process, a feed consisting of a mixture of two or 
more components is partially separated by means of a semipermeable barrier (the 
membrane) through which one or more species move faster than another or other 
species. The most general membrane process is shown in Figure 1 where the feed 
mixture is separated into a retentate (that part of the feed that does not pass through 
the membrane, i.e., is retained) and a permeate (that part of the feed that does pass 
through the membrane). Although the feed, retentate, and permeate are usually liquid 
or gas, they may also be solid. The barrier is most often a thin, nonporous, polymeric 
film, but may also be porous polymer, ceramic, or metal materials, or even a liquid 
or gas. The barrier must not dissolve, disintegrate, or break. The optional sweep, 
shown in Figure 1, is a liquid or gas, used to help remove the permeate. Many of the 
industrially important membrane separation operations are listed below.  

In membrane separations: (1) the two products are usually miscible, (2) the 
separating agent is a semipermeable barrier, and (3) a sharp separation is often 
difficult to achieve. Thus, membrane separations differ in two or three of these 
respects from the more common separation operations of absorption, stripping, 
distillation, and liquid-liquid extraction.  

Although membranes as separating agents have been known for more than 100 
years, large-scale applications have only appeared in the past 50 years. In the 1940s, 
porous fluorocarbons were used to separate 235UF6 from 238UF6. In the mid-1960s, 
reverse osmosis with cellulose acetate was first used to desalinize seawater to 
produce potable water (drinkable water with less than 500 ppm by weight of 
dissolved solids). Commercial ultrafiltration membranes followed in the 1960s. In 
1979, Monsanto Chemical Company introduced a hollow-fiber membrane of 
polysulfone to separate certain gas mixtures-for example, to enrich hydrogen- and 
carbon dioxide-containing streams. Commercialization of alcohol dehydration by 
pervaporation began in the late 1980s, as did the large-scale application of emulsion 
liquid membranes for removal of metals and organics from wastewater.  

The replacement of the more-common separation operations with membrane 
separations has the potential to save large amounts of energy. This replacement 
requires the production of high-mass-transfer-flux, defect-free, long-life membranes 
on a large scale and the fabrication of the membrane into compact, economical 
modules of high surface area per unit volume. 

 
Figure 1 - General membrane process 



Industrial applications of membrane separation processes: 

 
 
 


