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Separation processes are used to transform a mixtures of substances into two 

or more compositionally-distinct products which are isolated in pure form when they 

are valuable products. Separation processes are also used for recovery, reuse or 

recycling some selected components e.g. water, solvents and chemical agents in 

variety of clean technologies. The increased world-wide competitiveness in 

production and also policy of sustainable development has attracted the industry 

attention onto the exploration of novel concepts required for improve current process 

designs. Membrane based hybrid processes have recently emerged as a category of 

most effective separation processes. The Webster's Dictionary [1] defines two main 

types of “hybrids,” i.e. “an offspring of two animals or plants of different races, 

breeds, varieties, species, or genera,” and more general which can be used in 

technology, i.e. “something that has two different types of components performing 

essentially the same function” [2]. Lipnitzki and Field [3] defined a hybrid process 

as a combination consisting of generally different, unit operations, which are 

interlinked and optimized to achieve a predefined task. They distinguished two 

different groups of hybrid processes, e.g.  

1. Hybrid processes consisting of processes which are `essentially performing 

the same function'. In this case all processes in the package would be 

separation processes.  

2. Hybrid processes which are an offspring of two different processes. In the 

case of membrane based hybrid processes this group includes the 

combination of membranes and a reactor.  

This definition includes different unit processes such as extractive 

distillation [4] but excludes in-series-processes like a cascade of the same units like 

distillation columns or membrane units because the separation in principle could be 

achieved in one unit. Hybrid processes are more than just integrated processes. A 

true hybrid process take advantage from synergy of integration to solve technical 

and economic limitations that apply to at least one of the component unit operations 

and that could not be achieved either technically or economically alone'. Hybrid 

processes can be easily optimized because they have higher degrees of freedom, 

number of parameters and range of operation. Therefore integration of some 

conventional processes with membrane separation technologies permits the 

rationalization of direct and indirect energy consumption improving at the same time 

the product quality and the process capacity and selectivity. The strategy of 

introducing hybrid processes in the modern clean technologies is characterized by 
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advanced levels of automation capacity, modularity, and remote control. But it also 

includes upgrading and retrofitting of an existing process, thus reducing energy 

consumption and low costs, and could be regarded as one means of to form a both 

technically and economically viable technologies. According to above mentioned 

definitions, the membrane based hybrids can be divided onto the two main groups 

including membranes combined with other separation processes [5] and membranes 

combined with reactors. However, in practice there are four specific groups that 

could be distinguished among membrane separation hybrid systems, e.g. such as 

membranes combined with conventional unit processes [6], hybrid processes 

combining only different membrane separation processes [7], membrane contactors 

and membranes combined with some kind aggregation of separated substances. 

Fig.1. Classification of membrane based hybrid processes 

Membranes with conventional unit processes 

The first known membrane-based separation process was combination of 

pervaporation and distillation, being published for the dehydration of isopropanol+ 

ethanol mixtures by Binning and James [8] in 1958. It can overcome restrictions 

encountered using distillation alone, like the addition of a solvent which is removed 

in subsequent steps, pressure variations, and a high number of trays in the 
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distillation columns. The PV process is integrated into the distillation process to 

reduce the number of trays by processing a side stream of the distillation column or 

to split the azeotropes before distillation but also as a polishing step of either the top 

or bottom product of the distillation column. Distillation/membrane hybrid processes 

have a potential for energy savings and, under some circumstances, are superior to 

the single separation processes, especially if high product purities are required. 

Design methodology for a membrane/distillation column hybrid process has been 

already evaluated [9-13]. 

Such systems are used for many applications such as: separation of 

methanol/MTBE/C, mixture [14], aroma concentrate [15] dewatering of solvents 

[16]. It was shown that pervaporation can easily be used to break the azeotrope of 

methanol and TAME [17]. Integrated distillation with vapor permeation is used for 

dehumidification of compressed air [18]. Distillation is also frequently coupled with 

RO in hybrid systems for water desalination, which has been shown to be 

technically and economically superior to nonintegrated MSF and RO systems [19] 

by improving the performance reducing water cost but also the cost of materials of 

construction, equipment, membranes, steam, energy, chemicals, etc. [20, 21]. A

hybrid process that combines a vapor permeation process with absorption and 

stripping process was used for removal of volatile organic compounds (VOCs) from 

gas streams [22, 23], acetone recovery with hybrid comprising PV and absorption 

column [24], removal of VOCs from groundwater with PV and air stripping [25], 

removal of acid gases from natural gas [26]. There are also other hybrids of 

membranes with unit separation processes, such as systems combine ion-exchange 

membranes with solvent extraction processes [27]. Membrane-adsorption hybrid 

system may be also performed solely with adsorptive membranes [28]. Membrane 

adsorbers are a hybrid synthesis of these two technologies, aiming at combining the 

selectivity of chromatography resins with the high productivity associated with 

filtration membranes. Like perfusion beads, membrane adsorbers were developed as 

an alternative to conventional gel bead chromatography. 

Membrane contactors form also the specific group of hybrids with high 

level of integration between membranes and such separation processes as 

distillation, extraction and absorption or adsorption. In the membrane contactor 

these unit processes are performed directly in membrane module where the 

membrane plays a role of artificial interface between two fluids with mass transfer 

of separated component between them. This technique is performed by inserting a 

microporous membrane wall between the feed phase and a stripping phase. 

Referring to conventional unit separation processes performed in columns, many 

advantages of the membrane contactors can be pointed out. There are no loading, 

flooding or emulsification problems, except the pumping of the flowing phases, no 

stirring nor is mixing needed. One drawback occurs when using a membrane as it 

creates additional resistance that hinders diffusion from one phase to another, thus 

slowing down the separation. In most cases, the large surface area per volume 
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offered by hollow fiber modules overcomes this disadvantage. In most cases, the 

large surface area per volume offered by hollow fiber modules overcomes this 

disadvantage.  

Membrane with aggregation process involves bonding of the separated 

species firstly to some special bonding agent and then separating the aggregates 

from the stream by membrane separation processes. There are several ways of 

binding that are used in practice such as adsorption on pulverized adsorbent, 

biosorption on microorganisms or some biological materials, complexation [29], 

chelating [30], binding on polymers, coagulation, flocculation, precipitation, 

crystallization, micellar solubilization etc. Very promising way of the binding is 

using ion exchange resins, molecularly imprinted materials, functionalized polymers 

etc. It should be noted that several hybrid processes based on aggregation and other 

separation processes such as flotation [31-33]or centrifugation [34].  

Membrane reactors and membrane bioreactors and photoreactors belong to 

the recent achievements in process engineering. Separation of undesired components 

may be also carried out throughout their dematerialization by chemical conversion. 

Combining a membrane with a chemical reaction has been shown to offer 

advantages in a number of different instances [35], which can be performed in 

membrane module integrated with reactor or solely in membrane. The catalytic 

membrane enables an efficient three-phase contact between gaseous phase, liquid 

phase, and the active surface. The pore size of the catalytic layer can be adjusted in 

the mesoporous or macroporous range according to the needs of the reaction, with a 

narrow pore size distribution. Moreover, the membrane catalyst concept allows a 

tuning of the reaction rate by adjusting the pressure to suit variable operating 

situations, i.e., different feed concentration, flowrate, and so on[36, 37]. One of 

potentials application is the use of Pervaporation process to drive an equilibrated 

reaction. Reviews of the literature concerning membrane reactors reveal that a very 

large fraction of catalytic membrane reactor applications involves reversible 

reactions, which reach a thermodynamically limited conversion level in a 

conventional reactor [38-44]. By conducting, these reactions in a catalytic 

membrane wherein one product can selectively permeate through the membrane and 

out of the reaction zone, an overall conversion is attained which is much greater than 

that realized in the conventional reactor [45-56]. 

The utilization of bioreactors [57] with enzymes or whole cells immobilized 

is used in biotechnology and several research areas. The specially challenging task is 

the separation of xenobiotic from water and air environment when they are present 

even in much diluted form. The specific group comprise so called refractory 

chemicals which are very resistant for decomposition. New methods, such as 

photocatalytic reactions [58], allow in many cases a complete degradation of organic 

pollutants in very small and harmless species, without using chemicals, avoiding 

sludge production and its disposal. These processes are based on the electronic 
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excitation of a molecule or solid caused by light absorption (usually UV light) [59] 

that drastically alters its ability to lose or gain electrons and promote decomposition 

of pollutants to harmless by-products [60-63].  
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