Review of nomenclature defini​tions and units currently in use for membrane science of Technology
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Terminology

1. Membrane Processes or Membrane Operations 

It is suggested that the term "membrane operation" instead of the commonly used "membrane processes" one. A process is thought to be consisted of two or more operations. 
Secondly, phenomena like microfiltration, reverse osmosis etc are in fact unit operations as they imply physical changes like separation, fractionation or purification.

2. MEMBRANE OPERATION 
Membrane separation processes
As per http://en.wikipedia.org/wiki/Artificial_membrane the membrane separation processes have very important role in separation industry. Nevertheless, they were not considered technically important until mid-1970. Membrane separation processes differ based on separation mechanisms and size of the separated particles. The widely used membrane processes include microfiltration, ultrafiltration, nanofiltration, reverse osmosis, electrolysis, dialysis, electrodialysis, gas separation, vapor permeation, pervaporation, membrane distillation, and membrane contactors.[1] All processes except for pervaporation involve no phase change. All processes except (electro)dialysis are pressure driven. Microfltration and ultrafiltration is widely used in food and beverage processing (beer microfiltration, apple juice ultrafiltration), biotechnological applications and pharmaceutical industry (antibiotic production, protein purification), water purification and wastewater treatment, microelectronics industry, and others. Nanofiltration and reverse osmosis membranes are mainly used for water purification purposes. Dense membranes are utilized for gas separations (removal of CO2 from natural gas, separating N2 from air, organic vapor removal from air or nitrogen stream) and sometimes in membrane distillation. The later process helps in separating of azeotropic compositions reducing the costs of distillation processes. 






Ranges of membrane based separations.

From the unit operation principle it is easier to think  by which, under a driving force, a separation or concentration or purification on fractionation occurs, by using semipermeable or permselective membranes. Other definitions Membrane Separation Process designates a physical process by which, under influence of a driving force, a separation takes place across a semi-permeable membrane. A membrane process, is defined as one whose purpose is to sepa​rate, using selective membranes one or more components from a two (or more) component system using a differential driving potential across the membrane. It is nice to comment the following here:
a) operation instead of process 

b) not only semipermeable or only permselective membranes, but both types, should be mentioned 

3. Pressure Driven Membrane Operation

a membrane operation, where the driving force is a pressure differential across the membrane. Microfiltration, Ultra​filtration, Reverse Osmosis and Gas separation are pres​sure driven membrane operations. 

4. Membrane (Synthetic or artificial)
A synthetic or artificial Membrane is a interphase which separates two phases and restricts the transport of various of various chemical species in a rather specific manner. It is accepted that wherever in this terminology the term membrane is used, it is meant to denote synthetic or artificial membrane so that to exclude biological membranes. An intervening phase which acts as a barrier to flow of molecular or ionic species between phases that it separates. It is either a dry solid, a solvent swollen gel or a liquid that is immobilized. 

As a comments  it is thought that the suggested definition is more complete and accurate. Biological membranes are excluded. The function of a membrane is not only separation. Anyway the definition given in many references as it is almost similar and could also be used by emphas​izing that synthetic membranes are meant.

5- Permselective Membrane

It is a membrane retaining components of a liquid by mechanisms other than those based on components size and shape, for example: transport mechanism, electrical charqe mechanism. Where there is some thoughts that the term is applied to E.D. membranes (also IDF bulle-tin uses the concept in same way)1, others consider RO membranes as perm-selective ones. In Dechema-Thesarus 4, there is a term "ladunqspermselektive Membran" (charqe permselective membrane) as a lower order term to "permselektive Membran" which thus has a broader meaning than that given in ref. 1. The correct definition must have a broader meaning and simultaneously not to lead to confusion with the term semipermeable membrane. 
6. Semipermeable Membrane

Membrane retaining one or more component of a liquid, based on their size and shape. Where there is some other related ideas such as following:
a. Retaining is preferred instead of rejecting see definition of corresponding term

b. Liquid is more general, including solutions, colloidal dispersions or particle dispersions. 
c. Further  definition could be accordance with the discussion about permselective and semipermeable membranes in the previous definition: "permselective membrane".
7. Reverse Osmosis or Hyperfiltration
This phenomenon is more complex than as to be characterized as a filtration process.  And The qreek oriqin word Hyper (Y EP) has the same meaning CJ as the latin oriqin word ultra. Adoption of the term hyperfiltration would lead to confuse not only when trans​lating to the qreek lanquaqe. Indeed in the old literature one can see that such a confusion occurs by applyinq the term hyperfiltration for the phenomenon of the ultrafiltration. 

8. Reverse Osmosis
a pressure driven membrane operation in which the solvent is transferred from a concentrated to a dilute solution. small amounts of low molecular weiqht (up to 500 daltons) solutes may also pass the membrane. 

Other definitions

a membrane separation process, driven by a pressure gradient in which the membrane separates the solvent (in qeneral water) from the other components of a solution. Small amounts of low molecular weight solutes may also pass through the membrane. A pressure driven membrane separation process in which molecu​les or particles in the size area of 0.0001 to O.OO1 m or 1 to 10 AO are retained. It occurs when a pressure greater than the osmotic pressure is exerted on a solution in contact "with a semipermeable membrane. Water flows through the membranes and the solution is concentra​ted. While Hyperfiltration is a special ultrafiltration used for the com​plete removal of particles, microorganisms etc down to a size limit of 0.02 "m. Reverse osmosis is a filtration operation.  Therefore a definition based on the size area of molecules or particles retained, implying that the mechanism of the pheno​menon is a simple filtration through a porous medium, cannot be an accurate one. The suggested definition emphasizes the fact that transport of the solvent occurs through the membrane, without to ignore that some solute can a1so pass the membrane.

9. Ultrafiltration
Ultrafiltration (UF) is a variety of membrane filtration in which hydrostatic pressure forces a liquid against a semipermeable membrane. Suspended solids and solutes of high molecular weight are retained, while water and low molecular weight solutes pass through the membrane. This separation process is used in industry and research for purifying and concentrating macromolecular (103 - 106 Da) solutions, especially protein solutions. Ultrafiltration is not fundamentally different from microfiltration or nanofiltration, except in terms of the size of the molecules it retains. Ultrafiltration is applied in cross-flow or dead-end mode and separation in ultrafiltration undergoes concentration polarization (please refer to http://www.answers.com/topic/ultrafiltration )
The pressure driven membrane operation, in which the membrane fractionates components of a liquid as a function of molecules or particles in the size range of 0.001 to 0.02 µm. The Other Definitions a membrane separation process, driven by a pressure gradient, in which the membrane fractionates components of a liquid as a function of. their solvated size and structurel and is a pressure activated membrane filtration process used for the separation and/or purification of dissolved Or suspended particles. Furthermore is a pressure driven membrane process in which particles or molecules of 0.001 to 0.02 µm can be retained, and , is a physical separation process. It separates "liquid combina​tions (aqueous dispersions and emulsions). The medium to be separated is advanced past a porous membrane at high velocity and at a given pressure. The pores in the membrane are sized in such a manner as to: allow small molecules, mainly water, to pass through, while hindering larger ones. It is more obvious to mention that it is a molecular separation process using open membranes which will hold back only large molecules, allowing dissolved inorganic salts and small molecules to pass through the membrane with the permeate fluid. But one comment deserve to be mention to size range is necessary, otherwise a distinction between ultrafiltration and microfiltration is not Clear.
10. Microfiltration or Membrane Filtration or Filtration
Membrane filtration (Membranfiltration) is used sometimes in the literature to denote microfl1tration. But also ultra​filtration is a membrane filtration process, and even reverse osmosis is considered by many authors as a filtration process.

Inorder not to confuse the term membrane filtration with microfiltration or even worse to use the more general term filtration instead of microfiltration. In an hierarchic scheme is membrane filtration a higher order term. It is suggested that should follow:

Filtration

                             Membrane Filtration                       Coarse Filtration

                             UF                            Microfiltration

                       Dead-end                                               Crossflow
                       Or flow through

11. Microfiltration
A pressure driven membrane operation in which particles, macro​molecules or microorqanisms in the size ranqe of 0.02 to 10 µm can be separated. It could be look at pressure driven membrane process in which particles or mole​cule. of 0.02 to 10 11m can be retained. When particles with diameters in the range of 0.1 to 10 µm are separated from a solvent and other low molecular weight compo​nents.  A limit of molecular weight of around 10
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 is set between ultrafiltration and microfiltration. The only two Comments could be mentioned here is the following:
a. Commercially available microporous membranes have pores in the rang. 0.1 to 10 µm, indeed. The question is if separation of particles occurs in the same size range. This would happen if the .filtration mechanism was only sieving, but this is not the case. It is known that other mechanisms like adsorp​tion or electrostatic attraction play role so than even smaller particles than 0.1 µm, even proteins, can be separated. 

b. separated. instead of retained
microfiltration can be used to concentrate fine colloidal suspensions or to remove suspended solids from fluids; examples of such solids are silica, kaolin, yeasts, bacteria, dextrose "mud", pigments, and granular starch. The very rugged all stainless steel welded construction allows recovery from process upsets and allows processing of a wide-variety of dirty and hostile streams:

· Viscous process streams (up to 100's of centipoise)

· Complex mixtures with up to 50 % suspended solids (by volume)

· Chemically compatible with pH's from 0 to 14

· Pressures up to 70 bar (1000 psi)

· Temperatures in excess of 200°C 

Benefits of this technology include:
· Improvement in product quality and yield
· High removal of non-syrup components
· Elimination of colour and ttaste precursors
· No diatomaceous earth requirement
· Bacteria free filtrate
· Solids free product
· Reduction in carbon and ion exchange costs
· Minimal waste product
  

The superior mechanical durability is achieved with gasket-free and all-welded construction. Unlike competitive ceramic and carbon substrates, SCEPTER tubes are not affected by mechanical or thermal shock or by seal problems. They are virtually unbreakable and, depending on the application, they can be guaranteed for useful service life of ten years or more (with regular maintenance). Module design allows for single pass or multi-pass modules from 0.01 to 855 m2: with one module per stage, these are very compact systems. Vertical installation requires small footprint and draining of viscous fluids. Construction can be in accordance with Sanitary, Industrial, and ASME codes.

12. Cross Flow Microfiltration 

It is a microfiltration operation in which the suspension to be separated flows parallely to the membrane. 

13. Alternatives

In this process, suspension is fed continuously under pressure to a thin-channe1 membrane module, filtrate or permeate is continuously removed from the unit while the upstream suspen​sion is gradually concentrated in solids and discharged from the module as a hiqhly concentrated slurry.  that "thin channel" is a restrictive term. Or other​wise a size range should be given. For example: suspension is fed to a flow channel (1-25 mm) in a membrane module. 

14. Anisotropic or asymmetric membranes 
Membrane which are non-uniform With a tight  extremely thin "skin" (0.1 to 1.0 µm) on their surface supported by a macroporous structure or substructure.
15. Backflushing mode of operation 

A mode of operation in which the feed enters the module through the permeate inlet. It is used for backwashing of membranes and also in hollowfiber asymmetric membrane reactors for loading of enzymes in the macroporous side of membrane.
16. Batch Separation
A mode of operation of an UF or RO or Cross flow MF operation, where the retentate is recirculated continuously to the feed tank or to the stopped when a desired concentration in the feed tank has been achieved or when a desired amount of permeate has been separa​ted from the batch.
Alternative

Synonym: Recirculation separation. 

A mode of operation of an Uf or RO process where the retentate is recirculated continuously to the feed tank where it is mixed, with the rest of the batch. The process is stopped when a desired concentration in the feed tank bas been-achieved or when a desi​red amount of permeate has been separated from the batch. The only two comments as follow:
a. it can be extended to the cross-flow micro filtration 

b. to avoid confusion the term recirculation separation should not bed used. Instead, one can distingu~sh between batch separation, open loop system     and batch separation with internal recirculation.

17. Circuiation Loop 

a section of a membrane separation plant containing one or more circulating pumps ensuring adequate velocity of liquid over the membranes of the module (-s) of the loop. 

Product is fed to and bled from the loop which may be in a batch as well as a continuous separation process. 
18. Continuous Separation 
A mode of operation of an UF, RO and cross flow MF operation where retentate is continuously draw from the plant with the desired concentration, the feed being fed continuously. The Other definitions could be a mode of operation of  an UF or RO process where retentate is not recycled to the feed stream of the plant, but is continuously drawn from the plant with the desired concentration the feed being fed continuously to the plant. The comment worth to be mentioned here is  

a. It can be used also in the cross-flow microfiltration.
b. It is enough to say that "retentate is continuously drawn from the plant".

19. Compaction
The compression of a membrane under the operating pressure of the feed, causing a decrease in membrane permeability.

20. Concentration Polarization
accumulation (or depletion) of solutes which takes place near the membrane surface because of the permselectivity of the membrane. A concentration gradient is formed at which steady state is established by the diffusion of solute back through the stag​nant fi1m layer. 

The development of a concentration gradient across the boundary layer with the maximum solute concentration located adjacent to the membrane surface. The increased solute concentration close the membr4nesurface, which builds up because come the solvent is removed through the membrane, whereas the solute must stay on the concentrate side. The comments worth to be mentioned here is: 
1. It is thought that the suggested definition describes better the phenomenon. 

2. Anyway we adopt the term depletion only in the case of electro dialysis. 

22. Cut-off level
It characterizes an UF-membrane by indicating the smallest molecular weight component retained at a given coefficient of retention, most often 0.95.
Other definitions

The smallest molecular weight component retained at a given coefficient of retention, most often 0,95. The molecular weight rating of an ultrafiltration membrane. An ideal membrane retains all species above the MW cut-off while allowing those below to freely pass. Membrane characteristic giving the molecular size where retention is for example 50%, 90% or 95%. Different manufacturers give cut-off at different retentions. For RO membranes: 95% retention of NaC1, for example, 50% of PEG of MW 20 000. The comments worth to be mentioned that it is not to be used for Reverse Osmosis. & Cut-off level indicates the smallest MW component, it is not a component itself.
23. Diafiltration

The selective removal of low molecular weight species through ​an ultrafiltration membrane by the addition of water (or gene​rally solvent). 

Other Definition 

A step in an UF process where retentate is diluted with addi​tional solvent and further ultrafiltrered in prder to provide further fractionation. It is considered as a variation in the UF process. The selective removal of  low molecular weight species through an ultrafiltration membrane by the addition and removal of water. The comments worth to be mentioned here:
a. We think that it is not necessary to say removal of water. 

b. It-is not always a step in an UF-operation"and·can hardly be considered as a variation in the OF operation. 

24. Dynamically Formed Membranes
Membranes for Reverse Osmosis or Ultrafiltration in which the active layer is formed by deposits of added polymers or inorganic oxides, like ZrO
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, in the solution to be separated.

25. Feed
Designates the liquid entering a membrane separation plant or module (1).

26. Flow Yield
Designates, at defined operating parameters, the ratio between the volume of permeat from a module and the volume of feed to this module (not to the circulation loop). The comments worth mentioned here is related to the Feed is by definition what enters a module. Therefore "not to the circulation loop" is may be not necessary.

27. Flux
Designates the mass or volume of permeate through the membrane per unit time. It may be expressed as kg'm
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Other definition

Designates the flow of permeate through the membrane per unit area and unit time. It may be expressed as kg'm
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 (volume flux). Flux is used for the velocity of liquid through the membrane. Flow is used for the velocity of  liquid parallel to the membrane. The comments here is the following:
a. Flow per unit time? Flow is already mass or volume per unit time.

b. It is more correct to say that flux is used for the apparent velocity through the membrane.

28. Fouling
Degradation of membrane performance by deposition of material on its surface or by biological attack. While the Other Definitions

Is an accumulation of material on the membrane surface that causes a decrease in permeate flux and comments as following 
a. Degradation of membrane performance is more general than flux decrease.

b. We prefer the word material in general than foreign substances. If the last means for example substances not belonging to the original liquid, then this would be restrictive, since fouling can be caused also by components of the liquid through the intermediate step of concentration polarization.
29. Hold-up Volume
Designates the volume from the feed inlet to the retentate outlet on the retentate side of (a) the whole plant or (b) the module.

30. Mean Residence Time
Designates the mean time required for material to pass through the plant from feed inlet to retentate outlet.

31. Membrane Flow Coupling
The flow of any quantity (particles, heat, charge) through a membrane influences the flow of the other quantities, too, accoroding to the set of Onsager equations.
32. Membrane Configuration
It designates the spatial arrangements of the membrane.

Other definition

Designates the shape of the membrane whether or not cast on support media and the word shape it would mean for example round or rectangular or oval membranes. But what we mean by configuration is whether membrane is plate or spiral wound.
33. Membrane Packing Density

The membrane area per unit module volume. The recent notion of raft or microdomain structures in disk membranes suggests that the local density of rhodopsin in disk membranes could be much higher than the average density corresponding to the lipid/protein ratio. Little is known about the effect of high packing density of rhodopsin on the structure and function of rhodopsin and lipid membranes. Here we examined the role of rhodopsin packing density on membrane dynamic properties, membrane acyl chain packing, and the structural stability and function of rhodopsin using a combination of biophysical and biochemical techniques. We reconstituted rhodopsin into large unilamellar vesicles consisting of polyunsaturated 18:0,22:6n3PC, which approximates the polyunsaturated nature of phospholipids in disk membranes, with rhodopsin/lipid ratios ranging from 1:422 to 1:40. Our results showed that increased rhodopsin packing density led to reduced membrane dynamics revealed by the fluorescent probe 1,6-diphenyl-1,3,5-hexatriene, increased phospholipid acyl chain packing, and reduced rhodopsin activation, yet it had minimal impact on the structural stability of rhodopsin. These observations imply that densely packed rhodopsin may impede the diffusion and conformational changes of rhodopsin, which could reduce the speed of visual transduction. (http://www.ncbi.nlm.nih.gov/pubmed/15980173). 
34. Membrane Reactors
Reactor at which chemical reaction take place, catalyzed by biocatalysts (enzymes or whole cells) immobilized on artificial membranes, either in the soluble from (retained in the reaction solution by the membrane) or in the insolubilized form (entrapped or bound to the surface or porous structure of the membrane).
The comments here as following
Biocatalysts retained in the reaction solution by membranes are considered as immobilized ones according to a recent publication of the Working Party on Immobilized Biocatalysts.

A classification scheme is proposed by us in the following Table I, and some definitions on the particular items are following.

Table I. Immobilized Biocatalyst Membrane Reactors

Biocatalyst in the soluble form, retained by the membrane:

1. Ultrafiltration membrane systems

1.a. CSTR/UF systems

1.b. Thin Channel Ultrafiltration Cells

2. Dialysis membrane systems 

Biocatalyst immobilized by physical means

3. Hollow Fiber Reactors (Containing  the biocatalyst in the shell side)
4. Gelled Enzyme Membrane Reractors, generally systems with the enzymes adsorbed to the surface of the active membrane side.
Biocatalyst entrapped within the membrane by the phase-inversion technique.

1. Entrapped Biocatalyst Membranes

Biocatalyst immobilized by chemical means

6 b. Covalently Bound Enzyme Membrane Reactors
6 a. Crosslinked Enzyme Membrane Reactors
CSTR/UF Reactors

Continuous stirred Tank Reactors coupled to an ultrafiltration unit or stirred cells equipped cells equipped with a single flat ultrafiltration membrane. Pressure driven.
Thin Channel Ultrafiltration cell Reactors 

Reactors in which the biocatalyst is retained within the thin channel of ultrafiltration cella where also the reaction takes place. Pressure driven.
Dialysis Membrane Reactors

Reactors in which the biocatalyst is retained in the reaction solution by a dialysis, membrane. Concentration driven.

Hollow Fiber Reactors 

Reactors in which the biocatalyst is contained in the macroporous area of an asymmetric hollow fiber membrane. The reaction takes place usually in the recycling mode of operation i.e. the permeate ports are closed and the substrate is fed in the lumen of the hollow fibers and recirculates. This operation is concentration driven.

Gelled Enzyme Membrane Reractors
Reactors in which the enzymes adsorbed to the surface of the active surface of an UF membrane under Conditions of intensive concentration polarization and gell formation. 

Entrapped Biocatalyst Membranes Reactors

Reactors in which the biocatalyst is entrapped within the membrane structure during the phase-inversion technique of the membrane preparation.
Crosslinked Enzyme Membrane Reactors

Reactors in which the enzyme is first adsorbed at the surface or within the pores of an UF or MF membrane and then crosslinked by a bifunctional agent, commonly, glutaraldehyde.

Covalently Bound Enzyme Membrane Reactors 

Reactors in which the enzyme is covalently coupled to an UF or MF membrane. The reaction can take place under pressure driven condition in an ultrafiltration or cross flow microfiltration mode of operation.

35. Module (or permeator) 
Designates the smallest practical unit containing (semi- perme – able) membrane (-s) and suppoting structure.
Other Definitions

Apparatus containing a number of semipermeable membranes and it could be suggested 
a) the use of the word module to be preferred than that of permeator.
b) adopt the definition given in Ref. (1) without the restrictive word semi-permeable according to the argument expressed regarding semipermeable and permselective membranes.
36. Permeability, Permeability Ratio, Permeability Coefficients
General remarks and Suggested Definitions

The word permeability has been handled arbitrarily and in a highly confusing way in the literature. It is therefore necessary to decide what we mean by each of the above terms. It could be taken asthe following definitions:
Permeability: The ability of a membrane to permit a substance to pass through it .

Permeability Ratio: is the ratio between the concentration of a solute in the permeate and in the liquid on the other side of the membrane (normally the bulk concents exist, concerning the solvent (water or hydraulic permeability coefficient) or the solute (solute permeability coefficient). We define those coefficients as follows: Hydraulic Permeability Coefficient (symbol: Lp) The flux of the solvent through a membrane at unit pressure drop, at the prevailing temperature or at 16ْ C. (see also ref. (16)). Equation: Jv = Lp (
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Specific Hydraulic Permeability Coefficient 

The flux of the solvent through a membrane per unit thickness of the membrane and at unit pressure drop. Symbol P
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Solute Permeability Coefficient (Symbol P
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The flux of solute through the membrane at unit pressure drop.

Specific Solute Permeability Coefficient (Symbol P
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The flux of solute through the membrane per unit thickness of the membrane and at unit pressure drop

Equation p = 
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in the above definition is the thickness of the membrane).

37. Permeat or Filtrate
Designates the feed fraction passing through the membrane in an UF, RO or MF operation. The Designates the liquid passing through the membrane (-es) in an UF or RO process . Is the filtrate through a semipermeable membrane  and It is what passes through the membrane. So The term can be applied also to microfiltration operation and Permeat to be preferred instead of filtrate. Filtrate is a more general term.

38. Retentate or Concentrate
Designates the feed fraction not pasing through the membrane in an UF or RO or a cross flow MF operation. The Other definitions is used to describe the liquid to be filtered, or the liquid which has not passed through the membrane after filtration and designates the fraction not passing through the membrane (-s) in an UF or RO process and it is what do not pass through the membrane so it is worth mentioning the following Comments :
a) Retentate to be preferred as more general term than Concentrate.
b) To be used also in cross-flow microfiltration.
The Other definitions is 
Retention: Concentration difference between retentate and permeate in relationship to the concentration in the retentate (12). (This is what we call coefficient of retention).

Retention:

Designates a characteristic of the membrane on UF or RO module, which quantitavely is described as the coefficient of Retention. Retention is sometimes expressed in the same term as Yield of Retained Species. (It should be emphasized that retention deals with concentrations whereas yield of Retained Species with absolute amounts. A confucion therefore, should be avoided).

40. Some terms in Hemofiltration

Hemofiltration – The extracorporeal process in which toxins are removed from a uremic patient by the ultrafiltration of blood to produce plasma water and the simultaneous infusion of sterile, pyrogenfree solution. Filtration is across a semi-permeable protein-retentive membrane and usually at  a rate of at least 70 cc/minute. Rate of fluid infusion is lightly less than the rate of ultrafiltration in order to provide a net body water loss. Fluid may be infused before the filter in the pre-dilution mode, or after the filter in the post-dilution mode, or at both sites (combined pre- and post-dilution). No dialysate is employed.

Previous nomenclature: diafiltration, hemodiafiltration, hemoultrafiltration, hemoultrapheresis, hemoanadiafiltration.
Sequential filtration/dialysis – Division of a treatment session into two periods: the first period in which blood is ultrafiltered until nearly all the desired weight loss for that day has been achieved (without a dialysate circuit and without simultaneous fluid infusion); the second, in which blood is dialyzed employing conventional dialyzers but with minimal weight loss The first period is typically one hour with filtration rates of 20-40 cc/minute; the dialysis period is usually about four hours. The Previous Nomenclature: Ultra-diffusion, ultradialysis, mole cular ultradiffusion, "dry and wet" dialysis, sequential dialysis, the Bergstrom method. 
Isolated ultrafiltration

The extracorporeal process in which fluid, electrolytes, and other low molecular weight substances are removed from whole blood by convective transport through a semi-permeable membrane. The term generally describes filtration conducted independently of dialysis. Less frequently, it may be employed.

41. Reflection Coefficient (Symbol 
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It is correction factor compensating for the fact that most membranes are not strictly semipermeable but do pass some solute. 

Equation J
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42. Membrane Distillation

It is a temperature driven membrane operation in which two aqueous liquids of different temperature border on the two aquids of different temperature border on the two lateral surfaces of a hydrophobic (non-wettable) membrane The vapor pressure difference resulting from the temperature difference causes vapor molecules to be transported through the pores of the membrane, comparable to an evaporation, transport, and condensation process in distillation.

43. Multi Stage Recirculation Reverse Osmosis Plant 
This consists basically of a variable speed high pressure piston pump Feeding two stages in series. Each stage comprises a centrifugal recirculation pump and a number of modules long connected in parallel. Flow velocity through the tubes normally remain constant at greater than 2 m/s. The plant operates on a once-trough continuous basis with variable feed flow which allows the study of a rang of concentration levels. (20)
44. Pervaporation
In the pervaporation operation a phase transformation takes place in connection with the mass transport through the membrane. The feed is in liquid phase and the liquid components pass through the membrane and are evaporated on the permeate side with vacuum and/or inert carrier gas.

45. Concentration Factor  (Symbol: CF)
Desingnates the ratio between the initial feed and the resulting retentate based on either mass or volume.(1) 
The Other definition is a dimensionless number giving the degree of concentration of the feed stream.(8)

Equation: CF = 
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46. Relative Permeate Flux (Symbol RF)
Is defined as the ratio between the permeate flux after adsorption (in the concentration polarization and fouling phenomena) (J
[image: image26.wmf]A

) and the permeate flux of pure buffer solution before adsorption (J
[image: image27.wmf]o

).
Equation: RF = 
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 (17)

47. Stephens Filtrate Is essentially diluted molasses from which residual sucrose has been removed by liming and carboration. It is normally produced at about 3.5/ solids and presents a large evaporation load (20).

48. Some terms used with spiral wound membranes



ELEMENT   The individual assembly of spiral wound membrane leaves, internal product tube, etc. while PRODUCT TUBE   The perforated tube, at the axis of the element, which collects the permeate and INTERCONNECTORS is a Short plastic tubes, provided with adequate seals, connecting one element to another. Here is the END CAP that is Terminal of the element-containing pressure vessels and PRESSURE VESSEL which is Tube containing the elements.

49. Volume Reduction or Recovery
Designates the ratio between the volume of permeat and feed volume, and it is often expressed as a percentage (1). The Volume Reduction to be preferred as more accurate term. Suggested symbol VR. 
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	Solvent (water) permeability coeffusion model.
	It could be taken asLp to be used for hydraulic permeability coeff. And A for surface
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	Factor which is a measure of the friction between the solute molecules and the membrane pore wall
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	Salt permeation constant, it designates the salt flux per unit concentration difference of the salt.
	It could be taken assolute instead of salt.
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	 Solute concentration in the bulk solution in the high and low pressure sides of the membrane, resp.
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	Solute concentration in the solution at the surface in the high and low pressure sides of the membrane , resp.
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	Solute concentration in the membrane at the surface, in the high and low pressure sides of the membrane, resp. 
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	Solute concentration in the bulk solution in contact with the membrane in an absorption experiment for datermintion of the partition coefficient.
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	The gel layer concentration in UF-membranes5,8.
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	Concentration factor is a dimensionless number giving the degree of concentration of the feed stream 8.
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	Conoentration of a micromolecular species.
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	Concentration of a macromolecule.
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	Diffusion coefficient in the membrane of a component i.
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	Diffusion coefficient of the solute in water.
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	Local solute diffusivity in solution.
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	Diffusion coefficient of the solute in the membrane.
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	Diffusion coefficient of the solvent (water) in the membrane6.
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	Frictional forces exerted between two components i, j.
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	The net force acting on component I which is equal to the algebraic sum of the frictional forces.
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	Parameter used for determination the relative importance of viscosity flow and diffusional flow of warter in the micropores or microvoids of membranes.
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	Volume flux the sum of diffusive solute and solvent fluxes (due to the chemical potential gradient) 
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	Reflection coefficient, a correction factor. Compensating for the fact that most practical membranes are not strictly semipermeable but do pass some solute
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	It could be taken asJ
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	Solute flux with respect to the mass average velocity
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	Flux of the solute (salt) due to the gradient of chemical potential with respect to membrane
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	Rates of chemical reaction per unit volume, of entropy exchange with surrounding per unit area.
Of heat flow across the boundaries of the volume element of the system
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	Mass transfer coefficient
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	Boltzman constant(accepted)
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	Mass transfer coefficient. Defined of the ratio of flux of mass through a membrane to the concentration difference across it 
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	symbol
	Equation 
	Definition
	Remarks

	k
[image: image142.wmf]s


	
	Partition coefficient of the solute in the membrane with respect to the total membrane volume
	

	
[image: image143.wmf]s

ks

sm

D


	
	Solute transport parameter
	

	K'
[image: image144.wmf]'

s

k' 's
	
	Partition coefficient of the solute in the membrane with respect to the total membrane volume in the high and low pressure sides of membranes, respectively.
	It could be suggested to generally small k
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	Partition coefficient of the solute with respect to the pore volume, in the high and low pressure side of membrane, respectively
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	Phenomenological coefficients in the lineanr laws of irreversible thermodynamics.
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	Phenomenological coefficients in the revised form of the linear laws
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	Mobility of the solute in the pore solution
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	Molar flux of constituent A or B
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	Flux (diffusive and convective) of component I with respect to the fixed coordinate (membrane).
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	Total flux (solvent and solutes) with respect to the fixed coordinate (membrane).
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	Modified fouling index.
	

	
	
	I is a measure of the fouling potential of water
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	Pressure drop across the Membrane. Hydrostatic pressure driving force in UF and MF.
	It could be taken ascapital P's for pressure and smalf P for solute permeability coefficients. See Terminology for the suggestion about permeability and specific permeability and specific permeability coefficients.
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	(for the permeate flow) the transmembrane 
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	Local hydraulic permeability of the membrane (in the Spiegler-Uedem model).
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	Local solute permeability in the membrane.
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	Solute permeability of layers a and b within the membrane
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	Local solute permeability per unit membrane thickness.
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	Flux (diffusive and convective) of component I with respect to the fixed coordinate (membrane).
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	Total flux (solvent and solutes) with respect to the fixed coordinate (membrane).
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	Modified fouling index.
	

	
	
	I is a measure of the fouling potential of a water
S observed retention coefficient.
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	Pressure drop across the Membrane Hydrostatic pressure driving force in UF and MF.
	It could be taken ascapital P' s for pressure and small P for solute permeability coefficients. See Terminology for the suggestion about permeability and specific permeability coefficients.
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	Specific hydraulic permeability coefficient.
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	Solute permeability coefficient
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	Specific solute permeability coefficient .
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	Relative permeate flux.
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	Permeate flux after adsorption.
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	Permeate flux of pure buffer solution before adsorption .
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	Pore radius.
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	Gas constant.
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	Retention or rejection coefficient6
	

	Or R
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	Retention or rejection coefficient of a component I; it shows the degree of separation of a certain component from the solvent by the membrane (-s).
	

	
	C
[image: image222.wmf]'

ip

C
[image: image223.wmf]iR

 Conc of I in
Permeate and retentate resp.
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	Rejection or retention at infinite volume flux (occurring at very high pressures).
	Sometimes o is used for retention and R for recovery. VR (Volume reduction) for the recovery, and the symbol R for retention, the symbol 
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 used for the reflection param.
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	Hydraulic resistances of the cake (or gel layer) and the membrane resp., in the concentration polarization .
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	It is the ratio between the volume of permeate and the volume of feed 1,8.
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	Local entropy in the system .
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w dry weight particulates per unit volume
 v = volume of filtrate delivered or "through" 
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	Compressibility exponent of the cake* in the concentration polarization phenomenon. 
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	It could be taken asto use gel layer instead of cake for UF and cross flow MF.
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	Time 3,9.
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	Temperature 3,5,6.
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	Thickness of the water layer adsorbed to the membrane surface acc. To the preferential sorption – capillary flow model 6.
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	Velocity components in axial and normale direction 9.
	It could be taken asu, v for velocities v for volumes.
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	Velocity vector .
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	Velocity at boundary layer edge .
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	Linear velocity (permeation velocity) of component I through the membrane .
	

	X, y, z
	
	Cartesian coordinates .
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	Initial and final volume in the feed tank in the batch separation system 8
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	Volume of the permeate 8
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	Volume of the water added during dia-filtration 8.
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	Mole fraction of component I or a 6,9.
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	Term used in the unified general form for all membrane non-linear theory models 6.
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	Term used in the same general form as Y equal to volume flux or approximately equal to the permeation velocity6.
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	Valence of ion i 6.
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	Inverse Peclet number 9 
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	Mass transfer coefficient
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	Fluid shear rate at the membrane surface 5,10
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	Stagnant boundary layer thickness 5
	

	
	
	Skin layer thickness of an asymmetric membrane 6.
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	Void fraction (fractional area) of the membrane, porosity 2,6.
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	Viscosity
	It could be taken as
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	Partial molar volume of component i
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	Reference pressure p
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