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1. Introduction 

Even though common solvent, like water or alcohols, are low-cost and easily available, 

recycling is an important issue for a long and sustainable future nowadays. Therefore, solvent 

recovery is a necessary step at every type of chemical industry. 

For years, liquid-liquid separation was done by distillation and as such it became the most 

researched method, so it is highly optimised and has not got much room for significant 

improvements. But for some cases, like the separation of non-ideal mixtures, the industry came 

up with better solutions. Separation of mixtures containing azeotropes can be cost-demanding 

or even impossible if only traditional separation methods are used, so it is vital to research 

alternative separation methods. 

Alternative methods can be totally different type of separations – like membrane separation 

– or combination of two or more methods, called hybrid techniques. These methods combine 

traditional separation – usually distillation – with a method that can separate azeotropes 

efficiently – like membrane techniques. In most cases the latter is a more expensive method, so 

it is used sparingly just for eliminating the problematic part of the separation. This dissertation 

discusses several hybrid methods, for example: extractive heterogeneous-azeotropic 

distillation, distillation combined with hydrophilic pervaporation and combination of 

organophilic and hydrophilic pervaporation. 

Membrane techniques, like pervaporation is especially effective at separation of azeotropic 

mixtures, because it ignores this characteristic altogether. While traditional methods are based 

on Vapor-Liquid Equilibrium (VLE), pervaporation does not have to deal with this type of 

phase change. This poses another problem, namely the fact that modelling of pervaporation is 

more complex because of the different transport methods in it, thus, it mostly relies on empirical 

data. In this dissertation further examinations are carried out and new approaches are tested.   
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2. Literature review and problem statement 

Several separation methods are applied widely in the chemical industry for separation of 

liquid mixtures, like distillation, extraction, membranes operations and their combinations. It 

must be mentioned, not all of them are capable of separating non-ideal mixtures, like different 

azeotropes. This dissertation focuses on the development of those processes that can be used 

for separating mixtures containing azeotropes. 

2.1. Distillation 

Distillation is one of the most widely spread separation methods, since it is one of the oldest 

and well-researched. It heavily relies on Vapor-Liquid Equilibrium and its modelling is well-

known, but simple distillation processes have difficulties separating azeotrope mixtures. 

Several solutions were invented to counteract this disadvantage, like pressure swing distillation, 

extractive heterogeneous-azeotropic distillation and other hybrid methods. To apply distillation 

successfully for mixtures containing more azeotropes, further research is needed. Since 

distillation is the most traditional separation method, it is considered to be the most cost-

efficient solution, despite its significant utility cost, which can be usually minimised by heat-

integrations.1 

2.2. Pervaporation 

Pervaporation (hence PV) is a unique membrane separation, because besides the separation 

of components, a phase change also takes place.2 Since it is a membrane separation method, it 

ignores azeotropic property of the mixture, because it does not depend on VLE. The input is in 

liquid phase (usually binary or ternary mixtures) and the output is in gas phase in the generated 

vacuum. This vacuum is an added driving force to achieve a faster separation, because the 

concentration difference between two sides would not be sufficient. 

Till this day, the most common use of PV is in water separation from some type of organic 

solvent, like alcohols, esters, carboxylic acids, etc. It can be divided to hydrophilic- (hence 

HPV) and organophilic pervaporation (hence OPV), depending on which component is more 

likely to permeate through the membrane surface. Usually polymer membranes are used, 

 
1Gorak, A.; Sorensen, E.: Vapor–Liquid Equilibrium and Physical Properties for Distillation. In Distillation. 

Academic Press, 2014. 
2Baker, R.W.: Pervaporation. In Membrane Technology and Applications. John Wiley & Sons Ltd., 2004. 
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because of their high modifiability and combination capability. The effectiveness and mild 

functional circumstances make pervaporation a favourable process in the field of separation 

methods.  

Since the applied membranes are usually non-porous polymers and vacuum is used on the 

permeate side, composite membranes are used in PV for their structural integrity. There is also 

a porous supporting layer which does not take part in the separation. This fact is important 

during the modelling of PV. 

Mechanism of PV can be described by 3 distinct steps: 

• Sorption: the components of the mixture are absorbed by the material of the membrane; 

• Diffusion: the absorbed molecules move through the membrane by diffusion towards 

the permeate side; 

• Desorption: on the permeate side the molecules exit the material of the membrane and 

evaporate – this last step is what makes PV a unique separation method. 

PV models usually estimate the component flux (Ji) which shows the quantity of component 

i permeating through, in unit of time (t) and membrane surface area (A). Its easiest estimation 

is Fick’s first law, which forms the basis of several more complicated and more accurate 

models, like the one used in this research, Rautenbach’s semiempirical model3. 

The peculiarity of Rautenbach’s equation it that instead of chemical potential gradient (∇𝜇𝑖) 

and diffusion coefficient (Di), it uses fugacity gradient (∇𝑓𝑖) and transport coefficient (𝐷�̅�). 

Furthermore, since the permeates side’s pressure is constant and small, the fugacities can be 

replaced by partial pressures (pi). In the works of Mizsey4 and Valentinyi5 this equation was 

further simplified and supplemented by an exponential part based on empirical observations. 

Since the membrane’s material and the input mixture type influences the separation, it is 

important to extend the research to other membranes and mixtures, so in the future they can be 

applied universally. Furthermore, as usual, the research strives to improve the accuracy of the 

models as well.  

 
3Rautenbach, R., Herion, C., Meyer-Blumentoth, U.: Pervaporation membrane separation processes. 

Membrane Science and Technology Series, 1990, 1, pp. 181-191. 
4Mizsey, P., Koczka, K., Deák, A., Fonyó. Z.: Simulation of pervaporation using the “solution–diffusion” 

model. Hungarian Chemical Journal, 2005, 7, pp. 239-242. 
5Valentínyi, N., Cséfalvay, E., Mizsey, P.: Modelling of pervaporation: Parameter estimation and model 

development. Chemical Engineering Research and Design, 2013, 91(1), pp. 174-183. 
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2.3. Hybrid separation methods 

Extractive distillation can be achieved by a regular distillation column complemented with 

some extraction-like characteristics. An extractive solvent – sometimes called an entrainer – is 

usually entered at the top of the column. Some of the components in the mixture which needs 

to be separated can be dissolved in the entrainer and since its boiling point is significantly higher 

than the other components’, it washes through the length of the column, extracting the soluble 

components. Therefore, the correct entrainer must be chosen for the given mixture. Extractive 

heterogeneous-azeotropic distillation (EHAD) is a type of extractive distillation. Separation of 

azeotrope mixtures is possible with this method because the extraction effect of one (or more) 

of the components can enable us to break through the azeotropic point. Ternary and even 

quaternary azeotropic mixtures EHAD separations were already examined678. In the case of 

organic-organic solvent separation, water is a great entrainer, since usually it does not solve 

every component, also, it is affordable, easily available and generally less volatile than the 

organic solvents.  

In the case of distillation-pervaporation hybrid method, distillation is the former and PV is 

the latter. Hybrid separation, which is also capable of azeotropic separation, combines cost-

efficient separation methods with ones that ignore the non-ideal mixture’s characteristics. The 

boundary of azeotropic composition can be achieved with the distillation, then breakthrough of 

the azeotrope point can be realized with PV. If the purity is not yet appropriate, further 

separation methods can be used, usually a second distillation column. In this case, the cost of 

PV can be reduced via doing just the bare minimum separation, by getting the mixture on the 

other side of the azeotropic point. On the other hand, by recycling the retentate stream into the 

PV module (or the top of the distillation column) a better purity can be achieved, at the cost of 

increasing the utility costs. 

  

 
6Szanyi, A.; Mizsey, P.; Fonyó, Z.: Separation of highly non-ideal quaternary mixtures with extractive 

heterogeneous-azeotropic distillation. Chemical and Biochemical Engineering Quarterly, 2005, 19, pp. 111-121. 
7Szanyi, A.; Mizsey, P.; Fonyó, Z.: Optimization of nonideal separation structures based on extractive 

heterogeneous azeotropic distillation. Industrial & Engineering Chemistry Research, 2004, 43, pp. 8269-8274. 
8Szanyi Á., Mizsey P., Fonyó Z.: Novel hybrid separation processes for solvent recovery based on positioning 

the extractive heterogeneous-azeotropic distillation. Chemical Engineering and Processing: Process 

Intensification, 2004,43(3), pp. 327-338. 
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2.4. Experimental and calculation methods 

This work is significantly based on laboratory experiments and computer simulations using 

ChemCAD 6.5.6. 7502 software package. The separation systems are rigorously modelled and 

optimized with this professional flowsheet simulator. It helps visualising the process as a 

flowchart, consisting of different process units and their interconnecting flows. It lets the user 

examine the process in Dynamic or – as used throughout this work – in Steady-State mode. The 

program has a built-in physicochemical parameter and function database from which it can 

calculate the output parameters in the background. The user’s only task is to give it the 

necessary input parameters and to choose the correct thermodynamical model for the given task. 

The flowsheet calculation results were verified with laboratory scale experiments. The 

experimental set up was CM-Celfa Membrantechnik AG P-28 for different membrane 

operations. The pressure and temperature had to be increased to the operational level in the feed 

side of the membrane module, with pump and heat exchanger. Retentate stream was reheated 

after each membrane unit by further heat exchangers except for the last module. Permeate flows 

leaving the pervaporation apparatuses were collected and condensed with cooler, and valves 

were used to reset the products to atmospheric pressure. 

The distillation experiments were carried out in laboratory column. Structured packing 

atmospheric distillation columns were used with middle feed and top entrainer input. A 300 W 

heat basket was used to control the heating of the reboiler. The condensed distillate was guided 

into an atmospheric phase splitter, from where the water-rich phase became the column’s reflux 

flow and spills back on to the top of the column packing. The organic-rich phase was the 

distillate product. 

STATISTICA® program was applied for parameter estimation and Douglas equations9 were 

used for the cost calculation. 

The used analytical methods were the following: Shimadzu gas chromatography 

GC2010Plus+ AOC-20 autosampler GC with a CP-SIL-5CB column connected to a flame 

ionization detector. EGB HS 600 headspace apparatus was applied for preparation of organic 

compounds. Karl Fischer titration with Hanna HI 904 coulometric titrator was used for water 

analysis.  

 
9Douglas, M. J.: Conceptual Design of Chemical Processes, McGrawhill: New York, 1988. 
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3. Results 

3.1. Maximum boiling azeotropes separation by EHAD 

EHAD separation was used on two non-ideal, quaternary mixtures: Water – Acetone – 

Chloroform – Methanol (Mixture I) and Water – Ethyl Acetate – Chloroform – Ethanol 

(Mixture II). Flowsheet simulations were carried out to determine if 99.5 wt% purity can be 

achieved for all product streams, while minimizing the Total Annual Cost (hence TAC) of the 

system. Furthermore, laboratory scale experiments were carried out to verify the accuracy of 

the simulations. 

Several constructions were used to determine different behaviour characteristics of different 

mixtures, but the total separation was achieved by a three-column system (Figure 1). The first 

column represents the EHAD technique, the purpose of which is to separate the bulk of the 

Chloroform from the mixture, because it forms maximum boiling azeotrope with the Water. So, 

it sets the most difficult separation task and therefore needed to be prioritised. In the case of 

Mixture I, Acetone and in the case of Mixture II, Ethyl Acetate is separated by the second 

column. These enrichments can be achieved by using extractive distillation with water feed as 

entrainer. Finally, Methanol–Water and Ethanol–Water binary mixtures can be separated 

simply in the third regular distillation column. Furthermore, heat integration (hence HI)10 was 

used, by utilizing each column’s reboiler as a pre-heater for the feed stream, in order to reduce 

the energy consumption of the separation. The novelty of this research is that the analysed 

mixtures also contain maximum boiling azeotropes, not just minimum boiling ones. Separation 

of three or more component mixtures containing heterogeneous azeotropes seems to work better 

with EHAD than with extractive distillation.11 One of the clear advantages is the better 

efficiency of separation of heterogeneous azeotropes. One distillation column and one phase 

separator are enough for breaking azeotrope pairs. The method clearly shows that the EHAD 

means a powerful tool for the separation of highly non-ideal mixtures containing maximum 

boiling azeotropes and water. 

 
10An, Y.; Weisong, L.; Li, Y.; Huang, S.; Ma, J.; Shen, C.; Xu, C.: Design/optimization of energy-saving 

extractive distillation process by combining preconcentration column and extractive distillation column. Chemical 

Engineering Science, 2015, 135, pp. 166-178. 
11Tóth, A.J.; Haáz, E.; Nagy, T.; Tari, R.; Tarjáni, A.; Fózer, D.; Szanyi, A.; Koczka, K.; Rácz, L.; Mizsey, P.: 

Evaluation of the accuracy of modelling the separation of highly non-ideal mixtures: Extractive heterogeneous-

azeotropic distillation. Computer Aided Chemical Engineering, 2017, 40, pp. 241–246. 
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Figure 1. – Full EHAD separation schema of Mixture I and II. 

 

3.2. Hybrid separation research 

3.2.1. Distillation and Hydrophilic Pervaporation hybrid separation 

Methanol and ethanol separation from process wastewater (hence PWW) is an important 

issue.12 For this task, distillation combined with hydrophilic pervaporation (D+HPV) was tested 

in flowsheet environment, specifically in my research two columns plus HPV system were used 

(Figure 2). Continuous operation was applied because of the large amount of initial PWW and 

the product’s 99.5 wt% purity goals, which was maximal enrichment quality. Furthermore, 

continuous PV does not require (significant) pre-treatment in contrast with batch method. Also, 

retentate is considered as low-value (by-)product by batch PV and full-value during continuous 

process. Lastly, the availability of the raw material – the liquid feed – is restricted in the case 

of batch process, meanwhile in the case of continuous PV it is abundant. 

As a first step, the initial PWW was fed into Column I, where suitable treated water can be 

extracted as bottom product (WI). The alcohol-rich intermediate distillate (DI) was purified 

further in Column II. Its bottom product (WII) was fed into the HPV unit to achieve targeted 

 
12Tóth, A.J.; Haáz, E.; Nagy, T.; Tarjáni, A.J.; Fózer, D.; Andre, A.; Valentínyi, N.; Solti, S.; Mizsey, P.: 

Treatment of pharmaceutical process wastewater with hybrid separation method: Distillation and hydrophilic 

pervaporation. Waste Treatment and Recovery, 2018, 3, pp. 8-13. 
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ethanol purity. Retentate product (R) contains ethanol in 99.5 wt% and the permeate stream (P) 

was mixed into the feed stream of Column II. The sufficient methanol concentration (99.5 wt%) 

can be received in distillate product of Column II. 

Before computer simulation, the distillation solution of Column I was experimentally 

verified. The separation process was examined with laboratory-sized distillation column. This 

method was already established in the literature for binary mixtures, but in this work the 

research was extended to ternary mixtures. 

 

Figure 2. – Flowsheet of Water-Ethanol-Methanol ternary mixture separation by D+PV. 

 

3.2.2. Organophilic and Hydrophilic Pervaporation hybrid separation 

In the pharmaceutical industry, Ethyl Acetate – Water binary mixtures can be created during 

intermediate production. Before reusing the solvent or during wastewater treatment, this 

mixture must be separated, since it forms a minimal boiling heterogeneous-azeotropic mixture 

which is difficult to separate with conventional VLE-based separations, like distillation. 

Combination of organic- and hydrophilic pervaporation (OPV+HPV) was examined to see if it 

could be a viable alternative (Figure 3). Targeted purity was at least 99.0 wt%. 

The modelling of PV was achieved by method of Haaz and Toth13, Toth et al.14 and the 

parameters of the model were determined by experiments using the parameter estimation 

process of Valentinyi. The estimated parameters were verified by comparing them to measured 

data. If the model parameters are accurate, it can be applied for rigorous modelling in flowsheet 

 
13Haáz, E.; Tóth, A.J. Methanol dehydration with pervaporation: Experiments and modelling. Separation and 

Purification Technology, 2018, 205, pp. 121-129. 
14Tóth, A.J.; Andre, A.; Haáz, E.; Mizsey, P.: New horizon for the membrane separation: Combination of 

organophilic and hydrophilic pervaporations. Separation and Purification Technology, 2015, 156, pp. 432-443. 
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environment. The accuracy of calibrated model is verified with least square approximation 

method. The validation of the PV model also took place in the flowsheet environment. At first, 

the simulator program must be run with experimental data and if the results are suitable, the 

optimization process can be carried out. In this case, the membrane transfer area (A) is 

determined and changed for the sake of the minimum Total Annual Cost. 

The laboratory scale experiments were carried out in a CM-Celfa P-28 PV unit in which 

PDMS (Sulzer PERVAP™ 4060) membrane was used for OPV and PVA (Sulzer PERVAP™ 

1510) membrane was used for HPV experiments. 

The simulated model consists of four main steps.14 First, the OPV separation must be 

designed in a way that the permeate is enriched in Ethyl Acetate so that it enters the region 

where the HPV can be applied with success. The second step was the liquid-liquid phase 

separation where the permeate of the OPV was separated into two phases: organic-rich and 

water-rich, if there is limited solubility. The aqueous phase is recycled to the feed of the first 

step. In the third step, the organic-rich phase was further dehydrated with HPV so the retentate 

can reach the targeted Ethyl Acetate content. Finally, the retentate of the OPV and the permeate 

of the HPV were mixed with each other, thus becoming the ‘Water product’ stream, which 

could be reused or discharged, depending on industrial needs. Previously this method was tested 

on Isobutanol-Water binary mixture, in this work it was proved that it is viable for other 

heterogeneous-azeotropic mixture as well. 

 
Figure 3. – Flowsheet of Ethyl Acetate – Water mixture separation with OPV+HPV systems.  

 
14Tóth, A.J.; Andre, A.; Haáz, E.; Mizsey, P.: New horizon for the membrane separation: Combination of 

organophilic and hydrophilic pervaporations. Separation and Purification Technology, 2015, 156, pp. 432-443. 
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3.3. Comparison of pervaporation and distillation methods 

In the field of separations designing there is a need for an easily applicable, rule of thumb 

type of method to determine whether PV or distillation proves to be better alternative for the 

given task. Toth’s Membrane Flash Index15 (hence: MFLI) was the first indicator that quantifies 

this feature. This new method was further examined via the empirical data of 6 binary, aqueous 

mixtures: Methanol, Ethanol, Isobutanol, normal-Butanol, Tetrahydrofuran and Isopropanol. 

Overall, 275 data sets were used for several types of membranes, both OPV and HPV, and at 

different feed concentration settings. In addition to the MFLIs, usual PV factors such as 

separation factors (α), total fluxes (J), Pervaporation Separation Indexes (PSIs) and selectivity 

(β) values were also examined. Although different types of thermodynamic models can be used 

for the calculation of MFLI – like Wilson and UNIQUAC –, in this study NRTL model was 

applied for this task.  

To harmonize MFLI with the other ordinary membrane parameters/indexes, it is necessary 

to find connection between these evaluation parameters, to give support for chemical process 

design. In order for the method to spread widely, it is vital to determine the correlation with 

other indexes or possible calculation algorithms by which easy decision-making is possible. 

Correlation was found between MFLI and selectivity (β), thus the membrane with the highest 

MFLI has also the highest selectivity. However, this was not the case for the other membrane 

characterizing parameters. Therefore, an algorithm is presented for the calculation of the 

different membrane characterizing parameters for the efficient support of chemical process 

design (as seen in Figure 4): First, the calculation of MFLI is suggested to determine the 

selection between pervaporation and distillation. If MFLI suggests the use of pervaporation, the 

determination of selectivity (β) is recommended for the recognition of optimal operating 

parameters, pressure and temperature etc. At last, the calculation of PSI can summarize the 

information of purity with separation factor value, yield and fluxes. 

 
15Tóth, A.J.; Haáz E.; Valentínyi N.; Nagy T.; Tarjáni A.J.; Fózer, D.; Ander A.; Selim, A. K. M.; Solti Sz.; 

Mizsey, P.: Selection between Separation Alternatives: Membrane Flash Index (MFLI). Industrial and 

Engineering Chemistry Research, 2018, 57(33), pp. 11366-11373. 
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Figure 4. – Flowchart of MFLI calculation and decision method. 

 

3.4. Improvement of pervaporation modelling 

One of the biggest advantages of PV – compared to more traditional methods – is its VLE 

independency. This fact is the reason why it is a better choice when separating non-ideal 

mixtures, like azeotropes. But it also poses a difficulty in the area of modelling. In my previous 

works a modified version of Rautenbach’s semiempirical expression – Valentinyi’s Model I – 

was used for this purpose. The aim of this research was to further develop this established and 

accepted model so that a universal or case-by-case empirical rule can be concluded and used in 

professional flowsheet environment, like ChemCAD and Aspen. Rigorous statistical testing 

was implemented to verify which model could be better in different cases. This calculation 

method can be seen in Figure 5. 

For OPV setup, Ethanol, Isobutanol and Ethyl Acetate aqueous mixtures were examined and 

for HPV, Methanol and Isobutanol. Different temperature and input concentration settings were 

examined for each of them. Altogether 85 data sets were used for this research. 

Two new alternative models were proposed for component flux estimation in pervaporation 

processes, Model II and III. Of those two, Model II seems to be less accurate, so no further 

research is worthwhile. Meanwhile, Model III seems to be better in some regards, such as in 
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water flux estimation for OPV processes. In most cases, there is little difference between Model 

I and III regarding organic flux estimation for OPV processes. Overall, it can be said that further 

examination is needed for the investigation of this model, but it is more than promising. It was 

also determined that both Model I and III behave similarly regarding temperature changes, and 

at higher temperatures the models yield more realistic approximations. However, for this type 

of study, a wider spectrum of input data is needed, so it should be examined further.  

It must be mentioned that the exponential type model was extended to an Ethyl Acetate–

Water binary mixture, as only alcohol aqueous mixtures were examined until now. The data 

show that both models can work just as well for Ethyl Acetate as they do in the case of alcohols. 

So, the exponential type model most likely describes the majority of organic–water binary 

mixtures. The research was also extended in regards of the membrane material. The exponential 

type Rautenbach model was used for ZSM-5 filled PEBA membrane with great success, up 

until this work mostly PDMS and PVA membranes were examined. 

 

Figure 5.– Flowchart of calculation of PV modelling. (Interpretation: p_i0 means pi0, others can be interpreted 

the same way and avg(y_i) means 𝛾�̅�. Green parameters are the inputs of STATISTICA software. Red parameters 

are the parameters estimated by STATISTICA® software.)  
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4. Theses 

Thesis 1 [III]  

I determined that the extractive heterogeneous-azeotropic distillation (EHAD) method is 

capable of the separation of Water-Acetone-Chloroform-Methanol and Water-Ethyl Acetate-

Chloroform-Ethanol quaternary mixtures containing maximum boiling azeotropes.  The 

targeted 99.5 wt% purity can be achieved for Chloroform as well. The simulated data were 

verified with laboratory experiments.   

 

Thesis 2 [II, V]  

I determined on the basis of mathematical modelling that hybrid separation systems such as 

(i) distillation combined with pervaporation and (ii) combination of organophilic and 

hydrophilic pervaporation are suitable for the separation of Ethanol and Methanol from 

pharmaceutical process wastewater and of Ethyl Acetate-Water mixture, respectively. Both 

alternatives are capable of recovering the materials in a purity of higher than 99 wt%. 

 

Thesis 3 [IV] 

I found that in the cases of both hydrophilic and organophilic pervaporation of Methanol, 

Ethanol, Isobutanol, Tetrahydrofuran, N-butanol and Isopropanol aqueous mixtures on certain 

membrane types, there is a correlation between the Separation Factor, the Selectivity and the 

Membrane Flash Index (MFLI). I proposed a calculation order for the evaluation of 

pervaporation as follows: MFLI, Selectivity, PSI. 

 

Thesis 4 [I] 

I derived a new correlation for the modelling of pervaporation. The correlation can deliver 

better fits for the data of the organophilic separation of Ethyl Acetate-Water binary system in 

the case of ZSM-5 filled PEBA type membrane, especially for the water flux, than previous 

models. Even though the accuracy obtained by the model is to be additionally refined, it is 

measurable.  
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5. Fields of application 

Maximum boiling heterogeneous-azeotropic mixtures can be separated by extractive 

heterogeneous-azeotropic distillation and additional distillation methods, like the one I 

designed and examined.  

Combining distillation and pervaporation processes to separate Methanol – Ethanol – Water 

ternary mixtures has been found viable. It can be used in different industrial process wastewater 

management or recovery, since the ones I examined are some of the most commonly used 

solvents. 

Separation of minimal boiling heterogeneous-azeotropic mixtures, like Ethyl Acetate – 

Water binary mixture, could be done by combining both organophilic and hydrophilic 

pervaporation. In some cases, an intermediate phase separator might be needed, but if non-

limiting solubility range can be achieved by the first pervaporation, phase separation is 

unnecessary. This method can be useful in the pharmaceutical industry, where several 

intermediate processes conclude in Ethyl Acetate – Water mixture. 

Extended testing of Membrane Flash Index proves its mettle in the field of separation 

designing. Furthermore, it is an easy-to-use and understandable parameter, the implementation 

of which can provide a quantitative decision-making tool, even for non-professional 

individuals, like investors. 

For flux estimation in pervaporation processes, the newly proposed Model III can be 

integrated into commercially available flowsheet simulator, like ChemCAD and Aspen, for 

steady-state process modelling. 
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