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ALL. 1: Document Formatting Instructions 
Contribution Title

PhD Student Name (e-mail)

Affiliation b(Dept., University, City, Country)

Tutor: Prof. X Y

This document contains the content and formatting instructions for preparing a camera-ready paper for the Workshop. Your paper should be submitted by e-mail a foodsci.phd2012@unibo.it before June, 15, 2012

The manuscript should start with an abstract of the PhD work (non more than 100 words) which should summarize the scope, aims, results and conclusions. Do not head the abstract section with any heading (ex: do not indicate the word Abstract)

Titolo in Italiano

Riassunto in Italiano (max 100 parole)

1. 
Format and Type Fonts

This chapter contains lay-out and formatting instructions for preparing a camera-ready paper for the Workshop  using Microsoft Word. These instructions are to be followed strictly, and it is strongly advised to use the styles indicated in this document in between square brackets. It is strongly advised NOT to use more formatting or styles in your paper than the ones mentioned here. All data should be reported in the: SI Unit System.
To prepare your paper you can either  use this document as your template and simply replace this text by your text or follow the instructions reported below.

1.1 
Format

The book size will be 29,7 x 21 cm with a type area of 26,7 x 16 cm. 

On A4-size paper, you will have to set the margins to:

Left Margin: 3,0 cm; Right Margin: 2,0 cm; Top and Bottom Margin: 2,0 cm

Please make sure that you do not exceed the indicated type area. 

Maximum number of pages, including references and figures, for the Final Report (Extended Abstract) is 5 pages, for the Intermediate Reports is 2 pages. 

Do NOT add page numbers.

Do NOT add Headers of Footers.

1.2 
Type font and type size

[Style: Normal]

Prescribed font is Times New Roman, 10 points, with single spacing, 1 column. However, if your text contains complicated mathematical expressions or chemical formulae, you may need to increase the line spacing. Running text should be justified. 

The title of the paper should be in Times New Roman, Bold, 14 pt, Centred, with 30 pt before and 6 pts after the paragraph

[Style: Title]

The authors and affiliation should be typed in 10 pt. Times New Roman, Centred

1.3 
Section headings 

The way chapter titles and other headings are displayed in these instructions are meant to be followed in your manuscript. It is strongly recommended that you use the preformatted styles for the headings. 

Level 1: Times New Roman, 12 pt, Bold, 12 pt before and  6 pt spacing after heading, Title Case

[Style: Heading 1]

Level 2: Times New Roman, 10 pt, Bold,  NO spacing after heading, Lower case

[Style: Heading 2]

Level 3: Times New Roman, 10 pt, Italic, NO spacing after the heading, Lower case

[Style: Heading 3]

Do NOT use automatic heading numbering for your document, as to simplify the production of a full volume of proceedings. Instead, number the headings manually.

Do NOT begin a new section directly at the bottom of the page, but transfer the heading to the top of the next page. 

1.4
 (Foot)notes

[Style: Footnote Text]

(Foot)notes placed at the bottom of the page should fit within the type area. Separate them clearly from the text by adding two lines spaces and by setting them one point size smaller than the type in the text, i.e. 9 pt. 

1.5 
Equations

Make sure that placing and numbering of equations is consistent throughout your manuscript. 


E=mc2
(1)

Leave one extra line space above and below the equation, left align the equation and put the number of the equation flush-right, using a Right Tab on the right margin.

2. Illustrations and Tables 

2.1 General

Illustrations and tables should be originals or sharp prints. As the manuscript will be reproduced in black-white, any illustration must not use colours. Avoid to reference your text to coloured items in the illustrations. All these means will be lost after the printing and will create misunderstanding to the reader. All illustrations should be placed in position on or near the page where they are first mentioned or treated in detail. They should preferably be placed either at the top or at the bottom of the page.

2.2 Tables 

Set table number (Bold) and title flush (Italic) left above table, with 15 pt before and 6 pts after between text and table. To distinguish tables from the main text, use a smaller type font (Times New Roman, Italic, 9 pt). Horizontal lines should be placed above and below table headings, above the subheadings and at the bottom of the table above any notes. Vertical lines should be avoided.

Position tables at the top or bottom of a page. 

2.3 Captions 

[Style: Caption]

All line art should be placed in position. Figure captions should be placed near  each illustration, font Times New Roman, Italic, 9 pts, with 15 pt between caption and text and 15 pts between text and top of the figure. Figures and figure captions should be placed flush-left; two narrow figures may be placed side-by-side. 

3. 
References or Selected References

Citations in your text should be collected at the end of your manuscript in a list of References. They should be prepared according to the Harvard style (name/year system) Make sure that your accumulated list corresponds to the citations made in the text body and that all material mentioned is generally available to the reader. 

Reference in the text to literature cited is given by the surname of the author(s) followed by the year of publication, e.g. "Smith (1984) has reported ..., which was recently confirmed (Jackson and Sharp, 1986)." For references with more than two authors, text citations should be shortened to the first author followed by "et al.". However, in the list of References the names and initials of all authors should be mentioned. Two or more references by the same author published in the same year are differentiated by the letters a, b, c, etc. immediately after the year. The references should be listed in alphabetical order in the list of References.

Harred JF, Knight AR, Mclntyre JS (1972) Epoxidation process. U.S. Pat. 3,654,317, Apr., 4.

Hertel T, Over H, Bludau H, Gierer M, Ertl G (1994a) Maillard browning in foods. Surf Sci. 301: 1-4.

Hertel T, Over H, Bludau H, Gierer M, Ertl G (1994b) Maillard browning in dried fruit. Phys Rev B 50: 8126-8129. 

Kjurkchiev N, Andreev A (1990) Two-sided method for computation of all multiple roots of an algebraic polynomial, Serdica 15, 302-308 (in Russian).

Rich RQ, Ellis MT (1998) Lipid oxidation in fish muscle. In Moody JJ, Lasky UV (Eds) Lipid oxidation in food, 6th ed, New York: Pergamon, pp 832-855. 

Spally MR, Morgan SS (1989) Methods of food analysis, 2nd ed, New York: Elsevier, pp. 682-90. 

ALL. 2: PhD DISSERTATION PROJECTS
Experimental Strategy for the Optimal Design of Ultrafiltration Units                             Used to Recover Some Food Biopolymers
Arnold Schwartz (aschwartz@unibus.it)

Dept. XXXX,  University of XXX, VYUUU, Italy

Tutor: Prof. X Y

This PhD thesis research project is aimed at setting up a batch or total recycle experimental procedure at both bench-top and pilot scales to identify the most appropriate mathematical model to simulate accurately the recovery of selected food biopolymers via tubular or hollow-fibre ultrafiltration modules and provide a basis for  their optimal design in an industrial scale.

Strategia sperimentale per la progettazione ottimale di unità di ultrafiltrazione per il recupero di biopolimeri di interesse alimentare

Questo progetto di tesi di dottorato mira a mettere a punto un procedimento sperimentale, in batch o a riciclo totale, prima in impianto da banco e poi in impianto pilota, atto ad individuare il modello matematico in grado di simulare il processo di recupero di selezionati biopolimeri di interesse alimentare mediante moduli a membrana di ultrafiltrazione tubolari o a fibre cave, consentendone il dimensionamento ottimale in scala industriale.

1. 
State-of-the-Art

Since the early 60s membrane separation processes have presented quite a limited diffusion and have just more recently begun to be recognised as efficient, economical and reliable separation processes. Depending on membrane pore size, feed cross flow velocity, transmembrane pressure difference applied (P) and permeation flux, membrane filtration processes can be classified as microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), and reverse osmosis (RO), the configuration of their modules being tubular (T), hollow-fibre (HF), spiral-wound (SW) or plate-and-frame (PF) (Cheryan, 1998; Daufin et al., 1998; Ho and Sirkar, 1992). 

Table 1 lists the main applications of UF membrane processing in the food and beverage sector together with specific membrane type and configuration, range of solvent permeation flux (JWv) and solute true rejection (rt) . 

A great number of problems limit UF membrane sale growth like membrane resistance to solvent, fouling problems, design considerations for the incomplete comprehension of mass transfer mechanisms in membrane systems, cleanability, investment and membrane replacement costs, and competing technologies. Formation of a gel-polarised layer onto membrane surface, as well blocking of membrane surface pores or fouling of support materials, results in a more or less pronounced permeation flux decay. Such a decay is still difficult to quantify at the design stage by resorting to any of the numerous transport models available in the literature, that is non porous or homogeneous membrane models (i.e. solution-diffusion, extended solution-diffusion, and solution-diffusion-imperfection models), pore-based models (preferential sorption-capillary flow, finely porous, and surface force-pore flow models), and irreversible thermodynamics phenomenological models (such as Kedem-Katchalsky and Spiegler-Kedem models). 

Table 1
Main applications of UF membrane processes in the food sector.

	Application
	Example
	Membrane module characteristics

	
	
	Type
	Material
	Cut-off

(kDa)
	JWv
(dm3 m-2 h-1)
	rt
(%)

	Fractionation
	Milk or whey (protein from lactose and minerals) 
	PF, SW, T
	C, PS, PES
	10-100 


	5-100
	70-97

	
	Oil fractions from oil-in-water emulsions
	SW
	TFC
	8 


	10-13
	70-90

	Clarification
	Alcoholic juices and beverages
	HF, SW, T
	PAN, PS, PES
	10-100
	5-100
	70-97

	

	Removal of colloids, pigments, low MW compounds
	HF, T
	PAN, PES
	10-50 


	5-50
	70-83

	Concentration
	Albumin and proteins
	PF, SW, T
	C, PS, PES
	10-100
	5-30
	70-83

	
	Polysaccharides (karragineen, xanthan)
	HF
	PS
	500 


	5-10
	-


C: Ceramic; PS: Polysulfone; PES: Polyethersulfone; PAN: Polyacrylonitrile; TFC: Thin Film Composite.

For instance, it is difficult to express the real relationship between JWv and P and, in particular, the fact that in the UF range JWv is controlled by pressure for P<6 Pa and by mass transfer for P>6-10 Pa, this effect being counteracted by increasing feed flow rate (QF) or process temperature (T), as well as decreasing feed solute concentration (CB). Moreover, while in the RO range JWv-logCB plot linearly decreases with CB increasing and vanishes for CB as such that the feed osmotic pressure equals feed input pressure, in the UF range such a plot does not tend to zero, but it may reach a minimum value (definitively different from zero), which remains practically constant or increases up to a maximum value before finally decreasing as solute concentration increases (Pritchard et al., 1995). 

Almost all the biopolymers recovered via UF processes exhibit a non-Newtonian behaviour of the pseudoplastic type. This is generally described via the Ostwäld-de Waele model, that allows a quite accurate reconstruction of the liquid apparent viscosity (a) in the intermediate shear rate region only, but at very low shear rates overestimates a, thus leading to mass transfer coefficients extremely underestimated. Thus, this PhD thesis project will be directed to select which mathematical model with the minimum number of statistically independent parameters allows the best reconstruction of UF membrane process performances buy resorting to well known experimental design techniques to minimise the experimental trials needed.

2. 
PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities according to the Gantt diagram given in Table 2: 

A1)
Determination of the physical properties of a few selected biopolymers (sodium alginates and pectinate, and whey proteins) in aqueous solutions to model their density, osmotic pressure (A1.1) and rheological behaviour (A1.3) as functions of CB.

A2)
Assessment and modelling of the UF processes in a bench-top plant scale to identify the mathematical model capable of reconstructing their performances as functions of the main operating variables (P; T; QF, CB) and membrane constitution, porosity and configuration, that is a C-T (A2.1) and a PES HF (A2.2) membrane module. An experimental strategy to limit polarisation layer growth will also be established to optimise both UF module performance.

A3)
Scaling-up of the UF processes in the pilot plant scale to validate the prediction capability of mathematical models identified during activity A2 when using commercial C-T (A3.1) and PES-HF (A3.2) UF membrane modules.

A4)
Optimisation of the UF processes examined so as to assess their optimal operating conditions (A4.1) and set up a generalised experimental procedure (A4.2) to determine the main engineering parameters necessary to design the UF unit in an industrial scale.

A5)
Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 2
Gantt diagram for this PhD thesis project.
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ALL. 4: POSTER COMMUNICATIONS
Recovery of Selected Microbial Metabolites                                                                from Model Solutions by Reverse Osmosis

John Smith (jsmith@unibus.it)

Dept. Food Science and Technology,  University of XXX, VYUUU, Italy

Tutor: Prof. X Y

The first two activities of the PhD thesis project are described. Firstly, the density, viscosity, and osmotic pressure of aqueous solutions of sodium citrate, gluconate, and lactate were determined and correlated to the solute molar concentration (CB). Secondly, recovery of such solutes from aqueous solutions was studied batchwise in a pilot plant equipped with a spiral-wound thin-composite reverse osmosis membrane, thus assessing that the osmotic pressure is the major resistance to overcome. 

Recupero di alcuni metabolici microbici da soluzioni modello per osmosi inversa

Le prime 2 attività del progetto di tesi di dottorato sono descritte. Sono state determinate la densità, la viscosità e la pressione osmotica () di soluzioni acquose di citrato, gluconato e lattato di sodio, correlandole alla concentrazione molare di soluto (CB). Si è studiato il recupero in batch di questi soluti in un impianto pilota, impiegando un modulo di osmosi inversa a spirale e si è ricavato che la permeazione del solvente è limitata da .

Key words: 
Reverse osmosis, sodium citrate, gluconate, and lactate, membrane resistance, process modelling.

1. 
Introduction

In accordance with the PhD thesis project previously decribed (Fddff, 2005), this poster reports the main results of  the first two activities concerning: 

(A1) 
the determination and modelling of the density (), kinematic viscosity (), and osmotic pressure () of di-sodium hydrogen citrate, sodium gluconate, and sodium lactate in aqueous solutions as functions of feed weight (cB) or molar (CB) solute concentration;

(A2) 
the assessment and modelling of the RO processes in a pilot-plant scale equipped with a spiral-wound membrane module as functions of transmembrane pressure difference applied (P), and CB.  

2. 
Materials and Methods

A typical temperature- and pressure-controlled pilot-scale RO plant (VERIND, Rodano, I), previously described (Lo Presti and Moresi, 2000), was used. It was equipped with a thin-film composite spiral-wound membrane module, type SW30-2514 (FilmTec Corp., Div. of Dow Chemicals, Minneapolis, MN, USA) with 0.762-mm and 250-mm channel width and length, and 0.42-m2 effective surface area. Several batch recycle runs were carried out under constant recirculation flow rate (1 m3 h-1) and temperature (T=313 K) by varying P from 40 to 60 Pa. The feed solutions were prepared by dissolving technical grade di-sodium hydrogen citrate, sodium gluconate in or diluting 90% w/w lactic acid solution with deionised water to vary cB in the range 50-75 kg m-3 to simulate the corresponding clarified fermentation medium. The pH of all acidic solutions was set to 5 by adding NaOH. The osmotic pressure () at 310K, kinematic viscosity () at 313K, and density () at 293K of several aqueous solutions containing 0-1.6 kmol m-3 of the above salts were determined by using a Wescor Vapor Pressure osmometer (mod. 5500), capillary #25-50 Cannon-Fenske viscometers (ASTM, 1964), and calibrated volumetric flasks, respectively. The membrane module was cleaned and stored according to Lo Presti and Moresi (2000).

3. 
Results and Discussion

3.1 
Determination of the main physical properties

The physical properties of the solutions tested were correlated to cB or CB as follows:
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where WandB are the densities of pure water and pure solute;  and W are the solution and water dynamic viscosities; r is the relative viscosity; CB the solute molar concentration; a and b are empirical coefficients;  is the solution osmotic pressure, and  is known as the first “virial coefficient”. All unknown parameters were determined using the least squares method, as reported in Table 1.

Table 1
Empirical correlations of the density, relative viscosity, and osmotic pressure of several aqueous solutions of the Na salts of citric, gluconic, and lactic acids for CB ranging from 0 to 1.8 kmol m-3. 

	Solute 
	Density
	
	Relative
	viscosity
	
	Osmotic Pressure
	

	
	B

(kg m-3)
	r2
	a

(m3 kmol-1)
	b

(m6 kmol-2)
	r2
	

(Pa m3 kmol-1)
	r2

	Citrate 
	2106
	0.999
	0.64±0.09
	0.16±0.01
	0.999
	56.7±1.2
	0.990

	Gluconate 
	1919
	0.997
	0.56±0.02
	0.16±0.02
	0.998
	47.9±0.5
	0.996

	Lactate 
	1321
	0.977
	0.68±0.07
	0.23±0.09
	0.972
	60.7±1.1
	0.993

	All solutes tested
	-
	
	0.52±0.04
	0.15±0.03
	0.983
	4.3±1.0
	0.967


3.2 
Modelling of the RO process

According to conventional filtration theory (Cheryan, 1998), the actual mass flux of permeation (Jp) through the membrane is given by:
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where P is defined as the difference between the average pressures in the retentate (Pm) and permeate (Pp) sides, the former being the half sum of the inlet (Pi) and outlet (Po) pressures in the retentate side; Rm is the intrinsic membrane resistance, and Rf  or Rg is the membrane resistance due to fouling or polarisation layer. In particular, Eq. (4) was modified by replacing the solvent kinematic viscosity with the retentate one to account for its increase with CB (Lo Presti and Moresi, 2000). Moreover, in accordance with Eq. (3) and Table 1, the instantaneous osmotic pressure difference between the retentate and permeate () was estimated as proportional to the difference between the retentate and permeate solute concentrations at the membrane surfaces. 

The intrinsic membrane resistance (Rm) was determined by performing several deionised water permeation tests at different P (10-60 Pa) and T (303-313K) values, thus obtaining the following empirical regression:
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Whatever the solute under study, the evolution of the RO concentration process was characterised by a similar decline in Jp as CB increased (Fig. 1). This was the direct result of the strict similarity of the CB relationships for all the solutes examined (Table 2). 

In all cases, the apparent solute rejection (Cheryan, 1998) was found to be greater than 99%, thus allowing the solute concentration in the permeate to be regarded as virtually zero (CBp=0). Moreover, feed flow rate exhibited little or no effect on Jp, thus enabling the contribution of polarisation layer to be neglected (Rg=0). On the contrary, the contribution of fouling deposited onto the membrane (Rf) tended to increase with time. As it got  to about one third of the intrinsic membrane resistance, a conventional chemically-based cleaning procedure was capable of restoring the intrinsic membrane resistance of the new membrane.
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Fig. 1 shows the experimental permeation fluxes vs. CB measured during subsequent batch RO concentration trials of all salts tested as compared to those calculated using the model reported here. Such a modelling exercise  might be helpful to optimise the recovery of microbial metabolites from clarified fermentation broths. Thus, the experimental results agree with the expected ones and the original PhD thesis project can proceed without any substantial amendment.
Figure 1 
Effect of CB on Jp during the RO concentration of sodium-citrate ((), -gluconate (and -lactate () under the following operating conditions: feed flow rate (1000 dm3/h), T=313K, and Pi=6.1 MPa. The continuous line was calculated as reported in the text.
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Optimal Strategy to Model the Electrodialytic Recovery                                        of Some Fermentation Products
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This PhD thesis dealt with the assessment of a comprehensive mathematical model of the electrodialytic (ED) recovery of some sodium salts of mono-carboxylic acids from aqueous solutions and establishment of an experimental procedure to determine the effective parameters for designing and optimising ED stacks. 
Strategia ottimale per la modellizzazione del recupero elettrodialitico di alcuni prodotti di fermentazione

Questa tesi di dottorato ha riguardato lo sviluppo di un modello matematico per il recupero elettrodialitico (ED) di alcuni sali sodici di acidi monocarbossilici da soluzioni acquose e di una procedura sperimentale diretta alla determinazione dei parametri essenziali per la progettazione e l’ottimizzazione di unità di ED.

Key words: Electrodialysis; organic acids; modelling; transport numbers in solution and electro-membranes.

1. 
Introduction

In accordance with the PhD thesis project previously decribed (Spitz, 2004), this oral communication reports the main results of  the following four activities directed to: 

A1) 
determine and model the density (), kinematic viscosity (), and electric conductivity () of sodium chloride, acetate (A), and lactate (L) in aqueous solutions as functions of solute concentration (CB);

A2) 
assess and model the ED processes in a pilot-plant scale equipped with monopolar membranes  as functions of current density (I), feed flow rate (QF) and CB;

A3)
establish an experimental procedure to determine the effective design parameters for ED stacks; 
A4)
assess the really important parameters in ED stack design and optimisation. 

2. Electrodialysis Applications

Electrodialysis (ED) is a unit operation for the separation or concentration of ions in solutions based upon their selective electro-migration through semipermeable membranes under the influence of a potential gradient (Ho and Sirkar, 1992). ED was commercially introduced to desalinate water about 10 years before reverse osmosis (RO). The production of potable water from brackish water is currently the most important industrial ED application. Also the production of table salt from seawater has achieved a certain commercial importance, especially in Japan and Kuwait, even if it seems to be highly subsidized (Ho and Sirkar, 1992). Despite the first industrial ED application in the food sector dated back to 1960 and concerned the demineralisation of cheese whey for use in baby-foods, other applications concerning tartaric wine stabilization of wine, fruit juice de-acidification, and molasses desalting are gaining increasing importance with large-scale industrial plants. 

Table 1 
Main applications of the ED in the food sector. 
	Application
	Example

	Fractionation
	Brackish water desalination

	
	Nitrate removal from drinking water

	
	NaCl removal from amino acid solutions

	
	Cheese whey demineralisation

	
	Desalting of protein hydrolysates (i.e., soy sauce), sugar solutions,  molasses, and polysaccharide dispersions

	
	De-acidification of fruit juices

	
	Tartaric wine stabilisation

	
	Flavour recover from pickle brines 

	Concentration
	Edible table salt production from seawater

	
	Salts of organic acids from exhausted fermentation media 

	
	Amino acids from protein hydrolysates

	Splitting
	Conversion of salts into the corresponding free acid and base


The fermentation industry is also interested, especially when the main product of the microbial metabolism is an electrolyte which can inhibit the cell growth and/or metabolite production in either its free or dissociated form, or is dissolved in media rich of impurities removable via numerous and expensive purification steps. In these cases, ED was for instance suggested as an environmentally-friendly alternative to the conventional citric acid recovery process, that gives rise to enormous amounts of calcium sulphate (circa 2 kg of CaSO4.2H2O per kg of monohydrated citric acid) that are to be disposed (Moresi and Sappino, 1998). 

Table 1 summarises the main industrial ED applications in the food sector.

3. 
Mathematical Modelling

To design or optimise an ED process several parameters are to be taken into account, namely stack construction and spacer configuration, operation mode, membrane perm-selectivity, feed and product concentration, flow velocities, current density and voltage applied to the electrodes, recovery rates, etc. Most of the parameters of which are to be determined by independent experiments or existing correlations. 

The Maxwell-Stefan (MS) equation represents the simplest mathematical tool for linking the flux of a generic species through the membrane with its interfacial concentrations at the membrane left- and right-sides, as well as with the external electrical voltage applied to the ED electrodes (Krishna and Wesselingh, 1997). To overcome the main problem in the application of the MS mass transfer model to ED processes, i.e. the large number of species diffusivities in the free solution and membrane phase (van der Stegen et al., 1999), the Nerst-Planck (NP) relationship is largely used to describe diffusion and electro-migration contributions to ion transport in ion-exchange membranes. The basic mathematical model consists of water and solute mass balances coupled with the solute and water transfer equations and voltage equation for the ED loop concerned, as given below:
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where all symbols are given in section 7.

The contribution of solute polarisation, namely the electric resistance (Rf) and junction potential difference (Ej) across any boundary layer, was found to be negligible, this being also true for the contribution of solute and water diffusion: LB (LW ( 0 (Fidaleo and Moresi, 2004). On the contrary, the Donnan potential difference (ED) in any cell pair, which behaves as a direct current generator with inverted polarities with respect to those of the external DC generator, has to be accounted for cB increases: 
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The ohmic resistances of the bulk solutions in the concentrating (C), diluting (D), or electrode rinsing solution (ERS) compartment can be estimated via the 2nd Ohm’s law:
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The so called limiting current density (jlim) is the first value at which the electrolyte concentration at an anionic (a) or cationic (c) membrane surface falls to zero. Its controlling values generally refer to the diluting compartments and can be estimated as:
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(7)

The solute mass transfer coefficient can be calculated by resorting to the empirical correlation previously developed (data not published):
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4. 
Experimental Procedure

In this PhD thesis a five-step experimental procedure was set up by performing in sequence the following independent tests, that is i) zero-current leaching, osmosis, and dialysis; ii) electro-osmosis; iii) desalination; and iv) current-voltage tests. A fifth step was added to perform a few further trials (validation tests) to check for all the parameters estimated. In this way, it is possible to determine sequentially the main physical properties (; ; ; ; ; ±; DB) of the free salt solutions by resorting to either the open literature or direct measurements; the membrane constants for solute (LB) or water (LW) transport by diffusion via tests i); the effective solute (ts) and water (tW) transport numbers in membranes by tests iii) and ii), respectively; the limiting current intensity (Ilim), ion transport numbers (ta-, tc+), and surface resistances (ra, rc) in anionic and cationic membranes, and solute mass transfer coefficient (km) by step iv).

5. 
Materials and Methods

A laboratory-scale electrodialyser (Aqualyzer P1, Corning EIVS, Le Vesinet, F), previously described (Moresi and Sappino, 1998), was used. Several batch recycle runs were carried out by varying electric current intensity (I=0.5-1.5 A) under constant feed solute concentration (CB(0.5 M), superficial velocity (vS=3 cm s-1), and temperature (T=293 K). The instantaneous salt concentrations in diluting (D) and concentrating (C) streams were indirectly estimated by measuring the electric conductivity () at 293 K with a WTW conductivity meter mod. Inolab Cond Level 1. Limiting current tests at 293 K were performed to plot voltage ()-current (I) curves using stacks composed of 19 cation- (CMV) or 19 anion-(AMV) exchange membranes by varying CB, I and vS.
5. 
Results and Discussion

5.1 
Conductivity measurements

For strong binary electrolytes, the transport numbers for cation (t+) and anion (t-) in dilute solutions can be easily estimated from the equivalent conductance at infinite dilution (o=o++o-), as extrapolated from the plot of the experimental equivalent conductance (=/CB) vs. the square root of solute molar concentration ((CB) at 293 K, the Na+ equivalent conductance at infinite dilution (o+) being equal to 44.95 S cm2 mol-1 (Prentice, 1991). In this way, the transport numbers for Na+ were calculated as shown in Table 2, while those for the anion were their corresponding complement to one.
Table 2 
ED recovery of some sodium salts from model solutions: effect of the salt molecular mass (MS) on the main design parameters (i.e., t+, ts, tW, ame, ra, rc, tc+, ta-, ).
	Salt
	MS
	t+
	ts
	tw
	ame
	ra
	rc
	tc+
	ta-
	

	
	(Da)
	
	
	
	cm2
	cm2
	
	
	Wh g-1

	NaCl
	58.4
	0.40
	0.969±0.002
	9.31 ± 0.07
	49 ± 2
	5.9
	6.3
	0.99
	0.97
	0.19

	Na-A
	82.0
	0.56
	0.931±0.003
	14.8 ± 0.1
	52 ± 1
	12.0
	6.0
	0.93
	1.00
	0.21

	Na-P
	96.1
	0.59
	0.982± 0.002
	15.23 ± 0.04
	50 ± 1
	19.1
	6.3
	0.95
	1.03
	0.20

	Na-L
	112.1
	0.60
	0.876± 0.002
	15.60 ± 0.05
	41 ± 3
	16.4
	5.5
	0.92
	0.96
	0.22


5.2 
Desalination tests
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By plotting the net increment (or decrement) in C or D solute (n) or water (nW) masses vs. the Faraday equivalents of solute transferred (nF=NI /F), as shown in Fig. 1, it was possible to estimate ts and tW, for each salt studied (Table 2).

Figure 1 
Net increment in C solute (a) and water (b) masses for NaCl (▲), NaA (() and, NaL (() vs. the Faraday equivalents of solute transferred (nF) using 10 AMV and 9 CMV membranes at 20°C, vS=3 cm s-1 and I=1 A.

5.3 
Voltage-current tests

A series of E-I experiments using cationic or anionic membranes allowed the limiting current intensity (Ilim,c or Ilim,a) and overall stack resistance to be determined. By plotting Ilim,c or Ilim,a vs. the solute concentration (CB), two linear graphs can be obtained (Fig. 2a). The ratios between their corresponding slopes Ilim,c/Ilim,a=(t+a-t+)/(tˉc-tˉ) were calculated as suggested by Krol et al. (1999) and used to estimate the anion transport numbers in the anionic membranes (Table 2). The current within the electro-membranes was almost exclusively carried by the counter ions.

For vS ranging from 3.0 to 6.1 cm s-1, E-I curves were coincident and linear with constant intercepts (i.e. Eel(2.2-2.6 V) and slopes for I<0.75 Ilim, this being an indirect confirmation of negligible contribution of solute polarisation. 

By neglecting the contribution of Ej, ED and Rf, it was possible to establish two linear relationships between the apparent resistance (RMP) of the anionic or cationic membrane pack and the reciprocal of the solution electrical conductivity () (Fig. 2b) with intercept and slope respectively proportional to the resistance (rm) of the electro-membrane concerned and membrane gap per unit effective membrane surface area (h/ame). Fitting each set of data via the least squares method yielded the specific membrane resistances shown in Table 2. The estimated values of ame were practically coincident with the exposed surface area of electrodes (44.6 cm2) and significantly different from the geometrical membrane surface area (72 cm2).
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Figure 2 
Main results of limiting current tests for NaCl (▲,Δ), NaA ((, (), NaL ((, () as referred to cationic (closed symbols) or anionic (open symbols) membranes: a) limiting current intensity (Ilim) vs. solute molar concentration (C); b) electrical resistance of membrane pack (rMP) vs. the reciprocal of conductivity ().
5.4 
Validation tests

By integrating Eq.s (1) and (2) together with the above independent parameters and Eq.s (3)-(4), it was possible to calculate the instantaneous values of cB() in C and D tanks, as well as the voltage applied to the membrane pack (MP=E-Eel-2 RERS I). As an example, Fig. 4 shows quite a satisfactory agreement between the experimental (closed and open symbols) and calculated (continuous lines) values of cBC(), cBD(), and MP() against time () in the case of sodium acetate removal.
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5.5 ED Recovery of some fermentation products

As the molecular mass (MS) of solute increased from 58 to 112 Da, the transport number for Na+ in the corresponding solution tended to increase from 0.4 to 0.6 for the progressively smaller equivalent conductance at infinite dilution of acetate, and lactate ions with respect to that of Cl-1. Nevertheless, the current within the electro-membranes was almost exclusively carried by the counter ions. The effective solute (ts) transport number, that is the Faraday efficiency, ranged from 93 to 98%, even if reduced to 88% for sodium lactate. Despite the water transport number (tW) increased from 9.3 to 15.6, the maximum salt weight concentration in the concentrate ranged from 287 to 349 kg m-3. Whereas the surface resistance (rc) of the cationic membranes was about constant (6.0± 0.4  cm2), ra  tended to increase almost linearly with MS (r2=0.8), even if this yielded up to just a 15% increase in the specific electric energy consumption per kg of salt recovered () in the case of 90% salt recovery at 1 A and 293 K (Table 2).  Finally, the membrane surface area (ame) effectively utilised was found to be about two thirds of the geometrical one and just 10% greater than the exposed surface area of electrodes. This confirmed the general rule that recommends to provide the electrodes with bases with the highest degree of open area in the direction perpendicular to the membrane faces so as to maximise utilisation of membrane area and minimise the electrical resistance of stack.

6. 
Conclusions and Future Perspectives

The present ED industry has experienced a steady growth rate of about 15% since 15 years. There are, however, a number of problems, that undoubtedly limit growth in membrane sales, like membrane fouling problems, design considerations, cleanability, investment and membrane replacement costs and competing technologies, such as nanofiltration (NF) and ion-exchange resins (IER). To overcome such uncertainties, long-term  laboratory- and pilot-scale experiments are needed to assess membrane process performance and reliability.  

For instance, in the food biotechnology sector ED applications are still in their infancy, since practically none of the processes studied in laboratory- and pilot-scales have been converted into industrial realities, except for the recovery of Na-L from clarified fermentation broths. This means that ED processing potentialities have not been completely exploited so far probably because of the high specific electro-membrane costs or their short lifetime.

The sequence of independent experimental trials outlined here is therefore recommended to estimate the really effective parameters for designing or optimising ED stacks. More specifically, the assessment of the effective membrane resistance, as well as surface area, appears to be of paramount importance if the data collected in a laboratory- or pilot-scale plant are to be safely transferred into an industrial-scale one. In this way, such an optimal strategy is expected to foster novel ED applications in the food sector, as well as in the chemical, pharmaceutical, and municipal effluent treatment areas.

7. 
Nomenclature

ame, effective membrane surface area per each cell pair (m2); cB, CB, solute weight and molar concentrations in C, D, or ERS compartment ( mol m-3); DB, diffusivity (m2 s-1); E, overall potential drop across an ED stack (V); ED and Ej, Donnan and junction potential differences across membranes (V); Eel, thermodynamic electrode potential (V); F, Faraday’s constant (96,486 C mol-1); h, membrane gap (m); hERS, electrode channel width (m); I, electric current intensity (A); Ilim, limiting current intensity (A); JB and JW, solute and water permeation fluxes (mol m-2 s-1); j, electric current density (A m-2); jlim, limiting electric current density (A m-2); km, solute mass transfer coefficient (m s-1); LB and LW, membrane constant for solute or water transport by diffusion (m s-1); MS, molecular mass (Da); Nc, overall number of cell pairs; nB and nW, solute and water masses (mol); R, electric resistance (); RERS, electric resistance of electrode rinsing solution (); Rf, boundary layer electric resistance ();RG , gas-law constant (=8.31 J mol-1 K-1); RMP, apparent resistance of the generic membrane pack (); Re, Reynolds number (=  vS h/); rm, membrane surface resistance ( cm2); Sc, Schmidt number [= DB)]; Sh, Sherwood number (=km h/DB); TK, absolute temperature (K); t- and t+, transport numbers for anion and cation in solution; tm- and tm+, anion and cation transport numbers in a generic membrane; ts, effective transport number; tW , water transport number; , electric conductivity (S m-1); ±, molal activity coefficient (dimensionless)MP, voltage applied to the membrane pack (V); , equivalent conductance of the corresponding bulk solutions (=/cB, m2  mol-1);viscosity (Pa s); time (s); , density (kg m-3); , osmotic pressure (Pa).
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Figure 4 	Batch recovery of NaA using 10 AMV and 9 CMV membranes at 293 K, vs=3 cm/s and  I=0.75 A (open symbols) or 1.5 A (closed symbols): solute concentrations in C (cBC: (, () and D (cBD: (, () streams, and voltage applied to the ED stack (MP: ▲,△) vs. time ().
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						5		17.900		57.200		0.131		0.417		0.015		-0.016		0.0559585492		0.8095705262		-0.8891558821				0.0559585492		0.8095705262		-0.8891558821				0.03		0.00				tw medio =		14.8

						10		19.800		55.200		0.145		0.402		0.028		-0.031		0.1119170984		1.578662526		-1.6974794113				0.1119170984		1.578662526		-1.6974794113				1.00		0.08

						15		21.600		53.400		0.158		0.389		0.042		-0.044		0.1678756477		2.3072759996		-2.4249705875				0.1678756477		2.3072759996		-2.4249705875				68204.46		16.00

						20		23.600		51.300		0.172		0.374		0.056		-0.059		0.2238341969		3.1168465257		-3.2737102932				0.2238341969		3.1168465257		-3.2737102932				446.07		0.10				0		0		0		0		0		0

						25		25.500		49.400		0.186		0.360		0.070		-0.073		0.2797927461		3.8859385256		-4.0416176459				0.2797927461		3.8859385256		-4.0416176459										1.25		18.5098949465		1.5		23.4		1.35		12.5145

						30		27.600		47.600		0.202		0.347		0.085		-0.086		0.3357512953		4.7359875781		-4.7691088221				0.3357512953		4.7359875781		-4.7691088221				CORR. DILUENDO

						35		29.500		45.600		0.215		0.332		0.099		-0.101		0.3917098446		5.5050795779		-5.5774323513				0.3917098446		5.5050795779		-5.5774323513				-14.36		0.00

						40		31.500		43.600		0.230		0.318		0.114		-0.115		0.4476683938		6.3146501041		-6.3857558805				0.4476683938		6.3146501041		-6.3857558805				0.02		0.00

						45		33.500		41.700		0.245		0.304		0.128		-0.129		0.503626943		7.1242206303		-7.1536632332				0.503626943		7.1242206303		-7.1536632332				1.00		0.06

						50		35.500		39.600		0.259		0.289		0.143		-0.144		0.5595854922		7.9337911564		-8.0024029388				0.5595854922		7.9337911564		-8.0024029388				124953.03		16.00						ONE WAY ANALYSIS OF VARIANCE

						55		37.300		37.700		0.272		0.275		0.156		-0.158		0.6155440415		8.66240463		-8.7703102916				0.6155440415		8.66240463		-8.7703102916				445.00		0.06						Ho delle repliche o campioni dipendenti ?

						65		41.200		33.700		0.301		0.246		0.185		-0.187		0.7274611399		10.241067156		-10.3869573499				0.7274611399		10.241067156		-10.3869573499

						75		45.500		29.700		0.332		0.216		0.216		-0.216		0.8393782383		11.9816437873		-12.0036044083				0.8393782383		11.9816437873		-12.0036044083												I		tW				F =		30.62

						88		50.700		24.400		0.370		0.178		0.254		-0.255		0.9848704663		14.0865271553		-14.1456617606				0.9848704663		14.0865271553		-14.1456617606												0.75		15.82				p-value =		0.01

						95		53.600		21.400		0.391		0.156		0.275		-0.277		1.0632124352		15.2604044182		-15.3581470544				1.0632124352		15.2604044182		-15.3581470544												0.75		16.57

						111		60.000		15.100		0.438		0.110		0.322		-0.323		1.2422797927		17.851030102		-17.9043661713				1.2422797927		17.851030102		-17.9043661713												1.5		13.88				rifiuto H0 --> c'è differenza

																												0.0461658031		1.1333987366		-1.0508205879												1.5		13.96

						I (A)		0.75		A				c0 dil. =		28		(mS/cm)				C (g/l) =		44.8				0.1594818653		3.0763679994		-2.8291323521												2		14.25

		PROVA 4				t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.2014507772		3.804981473		-3.5566235284												2		14.36

						0		4.000		52.000		0.029		0.379		0.000		0.000		0		0		0				0.2476165803		4.6955090518		-4.3649470576

						11		6.800		49.400		0.050		0.360		0.020		-0.019		0.0461658031		1.1333987366		-1.0508205879				0.2895854922		5.2622084201		-5.0520220574

						38		11.600		45.000		0.085		0.328		0.055		-0.051		0.1594818653		3.0763679994		-2.8291323521				0.3315544041		5.8693863147		-5.8603455865				CORR. CONCENTRANDO

						48		13.400		43.200		0.098		0.315		0.069		-0.064		0.2014507772		3.804981473		-3.5566235284				0.3735233161		6.5170427356		-6.5474205863				15.82		0.00

						59		15.6		41.2		0.114		0.300		0.085		-0.079		0.2476165803		4.6955090518		-4.3649470576				0.4406735751		7.6909199986		-7.7599058801				0.15		0.00

						69		17		39.5		0.124		0.288		0.095		-0.091		0.2895854922		5.2622084201		-5.0520220574				0.524611399		9.0267113667		-9.0936397032				1.00		0.52

						79		18.5		37.5		0.135		0.273		0.106		-0.106		0.3315544041		5.8693863147		-5.8603455865				0.9526943005		15.2604044182		-15.7623088189				3737.40		17.00

						89		20.1		35.8		0.147		0.261		0.118		-0.118		0.3735233161		6.5170427356		-6.5474205863				1.0156476684		16.2723675759		-16.732297054				1015.57		4.62

						105		23		32.8		0.168		0.239		0.139		-0.140		0.4406735751		7.6909199986		-7.7599058801				1.1079792746		17.6081589441		-18.2276955829

						125		26.3		29.5		0.192		0.215		0.163		-0.164		0.524611399		9.0267113667		-9.0936397032				1.1625388601		18.4177294703		-19.0360191121				CORR. DILUENDO

						227		41.7		13		0.304		0.095		0.275		-0.284		0.9526943005		15.2604044182		-15.7623088189				1.2464766839		19.429692628		-20.3697529352				-16.57		0.00

						242		44.2		10.6		0.323		0.077		0.293		-0.302		1.0156476684		16.2723675759		-16.732297054				1.3262176166		20.8464410488						0.11		0.00

						264		47.5		6.9		0.347		0.050		0.318		-0.329		1.1079792746		17.6081589441		-18.2276955829				1.3849740933		21.4536189434						1.00		0.28

						277		49.5		4.9		0.361		0.036		0.332		-0.343		1.1625388601		18.4177294703		-19.0360191121				1.4647150259		22.4655821011						8809.75		14.00

						297		52		1.6		0.380		0.012		0.350		-0.367		1.2464766839		19.429692628		-20.3697529352				0.0839378238		1.4167484208		-1.1720691173				685.86		1.09

						316		55.5				0.405				0.376				1.3262176166		20.8464410488						0.1678756477		2.63110421		-1.93997647

						330		57				0.416				0.387				1.3849740933		21.4536189434						0.2518134715		3.7645029467		-2.990797058

						349		59.5				0.434				0.405				1.4647150259		22.4655821011						0.3357512953		5.0598157885		-4.1224499988

																												0.4196891192		6.2741715778		-5.1732705867

						I (A)		1.5		A				c0 dil. =		27.5		(mS/cm)				C (g/l) =		43.9				0.503626943		6.7599138935		-6.6282529392

						t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.5875647668		7.7313985249		-7.8811544095

						0		1.500		58.400		0.011		0.426		0.000		0.000		0		0		0				0.6715025907		9.3100610509		-9.4573852914

						10		5.000		55.500		0.037		0.405		0.026		-0.021		0.0839378238		1.4167484208		-1.1720691173				0.7554404145		10.1196315771		-10.2657088205

						20		8.000		53.600		0.058		0.391		0.047		-0.035		0.1678756477		2.63110421		-1.93997647				0.8393782383		11.3339873663		-11.4781941143

						30		10.800		51.000		0.079		0.372		0.068		-0.054		0.2518134715		3.7645029467		-2.990797058				0.9233160622		12.5483431556		-12.771511761				CORR. CONCENTRANDO

						40		14.000		48.200		0.102		0.351		0.091		-0.074		0.3357512953		5.0598157885		-4.1224499988				1.007253886		13.7626989448		-13.9839970548				13.88		0.00

						50		17.000		45.600		0.124		0.332		0.113		-0.093		0.4196891192		6.2741715778		-5.1732705867				1.0911917098		14.7746621025		-15.3177308779				0.09		0.00

						60		18.200		42.000		0.133		0.306		0.122		-0.120		0.503626943		6.7599138935		-6.6282529392				1.1751295337		16.1914105233		-16.5302161717				1.00		0.33

						70		20.600		38.900		0.150		0.284		0.139		-0.142		0.5875647668		7.7313985249		-7.8811544095				1.2590673575		17.6081589441		-17.7427014654				6043.03		17.00

						80		24.500		35.000		0.179		0.255		0.168		-0.171		0.6715025907		9.3100610509		-9.4573852914				1.3430051813		19.1868214701		-19.1976838179				650.04		1.83

						90		26.500		33.000		0.193		0.241		0.183		-0.185		0.7554404145		10.1196315771		-10.2657088205				1.4269430052		20.2392631541		-20.2889205823

						100		29.500		30.000		0.215		0.219		0.204		-0.207		0.8393782383		11.3339873663		-11.4781941143				0.0559585492		0.8891558821						CORR. DILUENDO

						110		32.500		26.800		0.237		0.195		0.226		-0.230		0.9233160622		12.5483431556		-12.771511761				0.1119170984		1.6974794113						-13.96		0.00

						120		35.500		23.8		0.259		0.173		0.248		-0.252		1.007253886		13.7626989448		-13.9839970548				0.1678756477		2.4249705875						0.10		0.00

						130		38.000		20.500		0.277		0.149		0.266		-0.276		1.0911917098		14.7746621025		-15.3177308779				0.2238341969		3.2737102932						1.00		0.35

						140		41.500		17.500		0.303		0.128		0.292		-0.298		1.1751295337		16.1914105233		-16.5302161717				0.2797927461		4.0416176459						5913.00		17.00

						150		45.000		14.500		0.329		0.106		0.318		-0.320		1.2590673575		17.6081589441		-17.7427014654				0.3357512953		4.7691088221						710.60		2.04

						160		48.900		10.900		0.357		0.079		0.346		-0.346		1.3430051813		19.1868214701		-19.1976838179				0.3917098446		5.5774323513

						170		51.500		8.200		0.376		0.060		0.365		-0.366		1.4269430052		20.2392631541		-20.2889205823				0.4476683938		6.3857558805

																												0.503626943		7.1536632332						CORR. TOTALE

																												0.5595854922		8.0024029388						14.75		0.00

		PROVA OSMOSI				t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.6155440415		8.7703102916						0.11		0.00

						0		6.000		35.500		0.044		0.259		0.000		0.000				0		0				0.7274611399		10.3869573499						0.981		0.84

						35		7.000		33.800		0.051		0.246		0.007		-0.012				0.4047852631		-0.6870749998				0.8393782383		12.0036044083						5085.20		96.00

						95		9.400		31.400		0.069		0.229		0.025		-0.030				1.3762698945		-1.6570632348				0.9848704663		14.1456617606						3585.52		67.69

						146		11.100		29.600		0.081		0.216		0.037		-0.043				2.0644048417		-2.3845544111				1.0632124352		15.3581470544

						171		12.000		28.800		0.088		0.210		0.044		-0.049				2.4287115785		-2.7078838227				1.2422797927		17.9043661713

																												0.0461658031		1.0508205879

																												0.1594818653		2.8291323521

						t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.2014507772		3.5566235284

						0		19.000		27.000		0.139		0.197		0.000		0.000				0		0				0.2476165803		4.3649470576

						20		20.000		26.000		0.146		0.190		0.007		-0.007				0.4047852631		-0.4041617646				0.2895854922		5.0520220574

						82		21.6		24.1		0.158		0.176		0.019		-0.021										0.3315544041		5.8603455865

						130		22		21.5		0.161		0.157		0.022		-0.040										0.3735233161		6.5474205863

																												0.4406735751		7.7599058801

																												0.524611399		9.0936397032

																												0.9526943005		15.7623088189

																												1.0156476684		16.732297054

																												1.1079792746		18.2276955829

																												1.1625388601		19.0360191121

																												1.2464766839		20.3697529352

																												0.0839378238		1.1720691173

																												0.1678756477		1.93997647

																												0.2518134715		2.990797058

																												0.3357512953		4.1224499988

																												0.4196891192		5.1732705867

																												0.503626943		6.6282529392

																												0.5875647668		7.8811544095

																												0.6715025907		9.4573852914

																												0.7554404145		10.2657088205

																												0.8393782383		11.4781941143

																												0.9233160622		12.771511761

																												1.007253886		13.9839970548

																												1.0911917098		15.3177308779

																												1.1751295337		16.5302161717

																												1.2590673575		17.7427014654

																												1.3430051813		19.1976838179

																												1.4269430052		20.2889205823





ELETTRO-OSMOSI

		0		0		0		0		0		0		0

		0		0		0.0839378238		0		0.1678756477		0		0

				0		0.1678756477				0.3357512953

				0		0.2518134715				0.503626943

				0		0.3357512953				0.6715025907

				0		0.4196891192				0.8393782383

				0		0.503626943				1.007253886

				0		0.5875647668				1.1751295337

				0		0.6715025907				1.3430051813

				0		0.7554404145

				0		0.8393782383

				0		0.9233160622

				0		1.007253886

				0		1.0911917098

				0		1.1751295337

				0		1.2590673575

				0		1.3430051813

						1.4269430052

						1.4689119171

						1.4773056995



nF (mol)

DnW (mol)

0

0

0

0

0

0

0

0

0

1.2548343156

0

1.4977054734

0

0

0

2.1858404206

2.9549324205

0

3.9264170519

4.5335949465

0

5.2217298938

5.9908218936

0

6.4765642093

7.609962946

0

7.6909199986

9.2291039983

0

9.0671898931

10.9696806295

0

10.4839383138

12.6293002082

0

11.4959014716

0

12.6293002082

0

14.0865271553

0

15.3008829445

0

16.5961957864

0

17.8915086283

0

19.1868214701

0

20.6440484172

21.8988827328

22.6679747326

22.8703673642



Foglio2

		0		0										0		0		0		0		0		0		0		0

		0.0419689119		0.0419689119										1		1		0.0279792746		0.0279792746		1		1		1		0.0279792746

		0.1426943005		0.1426943005														0.0559585492		0.0559585492								0.0559585492

		0.1930569948		0.1930569948														0.0839378238		0.0839378238								0.0839378238

		0.2434196891		0.2434196891														0.1119170984		0.1119170984								0.1119170984

		0.2937823834		0.2937823834														0.1398963731		0.1398963731								0.1398963731

		0.3357512953		0.3357512953														0.1678756477		0.1678756477								0.1734715026

		0.4112953368		0.4112953368														0.2014507772		0.2014507772								0.1958549223

		0.4532642487		0.4532642487														0.2238341969		0.2238341969								0.2238341969

		0.503626943		0.503626943														0.2518134715		0.2518134715								0.2518134715

		0.5707772021		0.5707772021														0.2797927461		0.2797927461								0.2797927461

		0.612746114		0.612746114														0.3077720207		0.3077720207								0.3077720207

		0.6547150259		0.6547150259														0.3357512953		0.3357512953								0.3861139896

		0.6966839378		0.6966839378														0.3637305699		0.3637305699								0.4196891192

		0.7386528497		0.7386528497														0.3917098446		0.3917098446								0.4476683938

		0.789015544		0.789015544														0.4196891192		0.4196891192								0.4756476684

		0.830984456		0.830984456														0.4476683938		0.4476683938								0.503626943

		0.8477720207		0.8477720207														0.4756476684		0.4756476684								0.5316062176

		0.8561658031		0.8561658031														0.503626943		0.503626943								0.5595854922

		0.8645595855		0.8645595855														0.5316062176		0.5316062176								0.5875647668

		0.8729533679		0.8729533679														0.5595854922		0.5595854922								0.6155440415

		0.8813471503		0.8813471503														0.5875647668		0.5875647668								0.6435233161

																		0.6155440415		0.6155440415								0.6715025907

																		0.6435233161		0.6435233161								0.6994818653

																		0.6715025907		0.6715025907								0.7274611399

																		0.6994818653		0.6994818653								0.7554404145

																		0.7274611399		0.7274611399								0.7722279793

																		0.7554404145		0.7554404145								0.7778238342

																		0.7834196891		0.7834196891								0.7834196891

																		0.8113989637		0.8113989637								0.7862176166

																		0.8393782383		0.8393782383								0.789015544

																		0.867357513		0.867357513								0.7918134715

																		0.8953367876		0.8953367876								0.794611399

																		0.9233160622		0.9233160622								0.7964766839

																		0.9289119171		0.9289119171

																		0.934507772		0.934507772

																		0.9401036269		0.9401036269

																		0.9456994819		0.9456994819

																		0.9512953368		0.9512953368

																		0.9568911917		0.9568911917

																		0.9624870466		0.9624870466



nF  (mol)

Dn (mol)

0.0007841351

0.0002578385

0

0

0

0

0

0

0

0

0.0402958128

-0.0378030432

0.9289625645

-0.9289625645

0.0216212791

-0.0210127877

0.87

-0.87

0.97

0.0261603614

0.1331358299

-0.1366576531

0.0436374176

-0.0417134144

0.0544262467

0.1857169957

-0.1877703247

0.0660822461

-0.066306409

0.0814684175

0.2349655046

-0.2373633254

0.0937518199

-0.086417136

0.1089582234

0.2806236232

-0.2854598311

0.1172747646

-0.1103878751

0.1369056306

0.3209940005

-0.3268294728

0.1363580224

-0.1344854788

0.1643748626

0.3925259094

-0.4035665093

0.1669070592

-0.1629959664

0.1924180896

0.4298941291

-0.4452551446

0.1860656638

-0.1807628261

0.2199893165

0.4795678863

-0.4953106899

0.2065238918

-0.2054087501

0.2462068666

0.5490820716

-0.5588381656

0.2329296631

-0.230280222

0.2746801531

0.5836170511

-0.6006938792

0.254413704

-0.2538089981

0.301783513

0.6186254074

-0.6424886146

0.2822137678

-0.2776061559

0.3789323557

0.6541104266

-0.6841151693

0.3048479928

-0.3024763564

0.4128204241

0.6900754023

-0.7241567577

0.3280264916

-0.3268406446

0.440280719

0.7394041329

-0.7741751777

0.351775237

-0.3530832623

0.4681898094

0.7765032905

-0.8167375779

0.3761210515

-0.3792195161

0.4965553653

0.7858542475

-0.8336915997

0.4078131243

-0.4056376243

0.5233843278

0.7933588326

-0.8420471795

0.4267154881

-0.4327173782

0.5526681318

0.8008831193

-0.8504856324

0.4530220964

-0.4600351463

0.5803903245

0.8140934609

-0.8590263035

0.4800417668

-0.4883412958

0.6085599766

0.8159909042

-0.8669994685

0.5078057248

-0.5167889812

0.6350992718

0.5286163153

-0.5433663097

0.6641613114

0.5577238319

-0.5722799477

0.6915699772

0.5795138888

-0.601450986

0.7194125424

0.6100614088

-0.630729723

0.747697086

0.6328991811

-0.6602923764

0.7640116844

0.6649878128

-0.6888350124

0.7702112448

0.6889448558

-0.7168383527

0.7742450134

0.7133846649

-0.7443076913

0.7773597855

0.7383199938

-0.7705214847

0.7804795207

0.7637638376

-0.795569465

0.781412222

0.7897294347

-0.8175974718

0.7823453631

0.8061334753

-0.8360899932

0.7851615783

0.8074220275

-0.8393714592

0.8188228524

-0.8424292847

0.8201191443

-0.8452720519

0.8214154362

-0.8479581249

0.8227117281

-0.8502523849

0.8342500548

-0.852491903

0.8355541618

-0.8543360531



Foglio3

		0.0069740391		0.0136284804						0.0060485871				0.0091731425				0.0148314222				0.010510012

		0.0144068618		0.0111094784						0.0107991856				0.0097978603				0.0088310799				0.0150213931

		0.019609087		0.0111094784						0.0160779352				0.0116492416				0.017232586				0.0117970221

		0.0244035459		0.0110017764						0.0228285123				0.013928403				0.0275047065				0.022021222

		0.0289343665		0.0156996096						0.031430195				0.0179686427

				0.0210426564						0.3766				0.0219723352

				0.0271088004						0.7984				0.0328857125

				0.03243225						1.1425

				0.03690561						1.6874

				0.04338516						2.3887



C (M)

Ilim(A)

0.4237

0.3759

0.3524

0.378

0.6629

0.7333

0.7053

0.3416

0.6237

0.4113

0.4271

1.0211

1.0084

0.3442

0.867

0.4697

0.8179

0.8122

1.1805

0.3659

1.2174

0.5877

1.256

1.4936

1.4169

0.5213

1.8852

0.7244

0.6371

0.8611

0.7873

1.2917

0.9416

1.0848

1.229



		32.8106629697		1.1820330969		0.6946856547		0.4140786749		0.936329588		0.4819277108

		1.2738853503		0.9910802775		0.6944444444		0.4136504654		0.6138735421		0.4264392324

		0.8605851979		0.7716049383		1.1730205279		0.4132231405		0.464037123		0.3663003663

		0.6105006105		0.6337135615		1.1723329426		0.9818360334		0.3003003003		0.3174603175

		0.4474272931		0.4282655246		1.1702750146		0.683994528		0.9250693802		0.2770083102

		33.8574825396		1.1806375443		1.1689070719		0.6828269034		0.6086427267		0.2197802198

		1.2771392082		0.9910802775		0.5950609938		0.8729812309		0.4739336493		0.180342651

		0.8928571429		0.7698229407		0.5863383172		1.2944983819		0.936329588		0.0883392226

		0.6079027356		0.6325110689		0.5825808331		0.4484304933		0.61462815

		0.4555808656		1.179245283		0.5815644083		0.4464285714		0.4618937644

				0.9900990099		0.3724394786		0.4454342984		0.3039513678

				0.7704160247		0.3703703704		1.055408971		0.1459854015

				0.6321112516		0.3703703704		1.0504201681		0.0531773465

				0.4291845494		0.3696857671		1.0272213662

								0.8120178644

								0.7719027403

								0.7806401249

								0.6244146113

								0.6161429452

								0.5858230814

								0.5819028222

								0.3460207612

								0.4651162791

								0.3436426117

								0.3418803419



c-1 (cm/mS)

rstack -rels (W)

21.1070225385

13.0133226721

9.7301364591

16.1216153976

15.9

20.7848254441

18.7588436066

13.2061226721

8.9139364591

11.2111153976

14.6129819954

14.4022039801

15.5111577499

20.1100226721

9.1906364591

10.0459092272

13.3465819954

11.1018535346

13.1623424068

19.9532226721

16.5418364591

6.9433092272

12.3104044794

8.927260431

10.1121681645

19.3026226721

13.0308364591

14.6539153976

11.8554044794

21.5184067542

19.1990226721

12.6577364591

11.4949153976

11.2314044794

19.469869848

18.4268946296

11.5244887143

14.5478364591

8.9197092272

10.2864044794

14.8480960656

15.2593681645

11.0367887143

20.7637522456

15.1805153976

8.3629740455

11.4538934736

12.8918044794

10.9412887143

8.6897747622

12.6524153976

8.8724051521

21.058814044

11.9548887143

8.4288747622

8.7994092272

18.0107662892

8.2453887143

8.5218747622

6.7570092272

14.7803966739

8.0232887143

17.1512747622

4.5763092272

12.8328819954

7.9888887143

16.6211747622

2.8129092272

9.8404681645

8.1470887143

16.1654747622

13.1218747622

13.0045747622

12.8296747622

10.9720747622

10.6956747622

10.4392522456

10.7672522456

7.1076522456

8.8972522456

6.8119522456

6.7459509994
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Grafico4

		0.0069740391		0.0136284804						0.0060485871				0.0091731425				0.0148314222				0.010510012

		0.0144068618		0.0111094784						0.0107991856				0.0097978603				0.0088310799				0.0150213931

		0.019609087		0.0111094784						0.0160779352				0.0116492416				0.017232586				0.0117970221

		0.0244035459		0.0110017764						0.0228285123				0.013928403				0.0275047065				0.022021222

		0.0289343665		0.0156996096						0.031430195				0.0179686427

				0.0210426564						0.3766				0.0219723352

				0.0271088004						0.7984				0.0328857125

				0.03243225						1.1425

				0.03690561						1.6874

				0.04338516						2.3887



C (M)

Ilim(A)

0.4237

0.3759

0.3524

0.378

0.6629

0.7333

0.7053

0.3416

0.6237

0.4113

0.4271

1.0211

1.0084

0.3442

0.867

0.4697

0.8179

0.8122

1.1805

0.3659

1.2174

0.5877

1.256

1.4936

1.4169

0.5213

1.8852

0.7244

0.6371

0.8611

0.7873

1.2917

0.9416

1.0848

1.229



ELETTRO-OSMOSI

		PROVE DI ELETTRO-OSMOSI ACETATO DI SODIO																																r H2O (g/l) =		998

																																		Mw		18

																																		F =		96500

						I =		2		A				c0 dil. =		27.7		(mS/cm)				C (g/l) =		44.3										Nc		9

		PROVA 3				t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD						CORRELAZIONE TOTALE						CORR. CONCENTRANDO

						0		15.900		59.400		0.116		0.433		0.000		0.000		0		0		0				nF		DnC		DnD				14.25		0.00

						5		17.900		57.200		0.131		0.417		0.015		-0.016		0.0559585492		0.8095705262		-0.8891558821				0.0559585492		0.8095705262		-0.8891558821				0.03		0.00				tw medio =		14.8

						10		19.800		55.200		0.145		0.402		0.028		-0.031		0.1119170984		1.578662526		-1.6974794113				0.1119170984		1.578662526		-1.6974794113				1.00		0.08

						15		21.600		53.400		0.158		0.389		0.042		-0.044		0.1678756477		2.3072759996		-2.4249705875				0.1678756477		2.3072759996		-2.4249705875				68204.46		16.00

						20		23.600		51.300		0.172		0.374		0.056		-0.059		0.2238341969		3.1168465257		-3.2737102932				0.2238341969		3.1168465257		-3.2737102932				446.07		0.10				0		0		0		0		0		0

						25		25.500		49.400		0.186		0.360		0.070		-0.073		0.2797927461		3.8859385256		-4.0416176459				0.2797927461		3.8859385256		-4.0416176459										1.25		18.5098949465		1.5		23.4		1.35		12.5145

						30		27.600		47.600		0.202		0.347		0.085		-0.086		0.3357512953		4.7359875781		-4.7691088221				0.3357512953		4.7359875781		-4.7691088221				CORR. DILUENDO

						35		29.500		45.600		0.215		0.332		0.099		-0.101		0.3917098446		5.5050795779		-5.5774323513				0.3917098446		5.5050795779		-5.5774323513				-14.36		0.00

						40		31.500		43.600		0.230		0.318		0.114		-0.115		0.4476683938		6.3146501041		-6.3857558805				0.4476683938		6.3146501041		-6.3857558805				0.02		0.00

						45		33.500		41.700		0.245		0.304		0.128		-0.129		0.503626943		7.1242206303		-7.1536632332				0.503626943		7.1242206303		-7.1536632332				1.00		0.06

						50		35.500		39.600		0.259		0.289		0.143		-0.144		0.5595854922		7.9337911564		-8.0024029388				0.5595854922		7.9337911564		-8.0024029388				124953.03		16.00						ONE WAY ANALYSIS OF VARIANCE

						55		37.300		37.700		0.272		0.275		0.156		-0.158		0.6155440415		8.66240463		-8.7703102916				0.6155440415		8.66240463		-8.7703102916				445.00		0.06						Ho delle repliche o campioni dipendenti ?

						65		41.200		33.700		0.301		0.246		0.185		-0.187		0.7274611399		10.241067156		-10.3869573499				0.7274611399		10.241067156		-10.3869573499

						75		45.500		29.700		0.332		0.216		0.216		-0.216		0.8393782383		11.9816437873		-12.0036044083				0.8393782383		11.9816437873		-12.0036044083												I		tW				F =		30.62

						88		50.700		24.400		0.370		0.178		0.254		-0.255		0.9848704663		14.0865271553		-14.1456617606				0.9848704663		14.0865271553		-14.1456617606												0.75		15.82				p-value =		0.01

						95		53.600		21.400		0.391		0.156		0.275		-0.277		1.0632124352		15.2604044182		-15.3581470544				1.0632124352		15.2604044182		-15.3581470544												0.75		16.57

						111		60.000		15.100		0.438		0.110		0.322		-0.323		1.2422797927		17.851030102		-17.9043661713				1.2422797927		17.851030102		-17.9043661713												1.5		13.88				rifiuto H0 --> c'è differenza

																												0.0461658031		1.1333987366		-1.0508205879												1.5		13.96

						I (A)		0.75		A				c0 dil. =		28		(mS/cm)				C (g/l) =		44.8				0.1594818653		3.0763679994		-2.8291323521												2		14.25

		PROVA 4				t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.2014507772		3.804981473		-3.5566235284												2		14.36

						0		4.000		52.000		0.029		0.379		0.000		0.000		0		0		0				0.2476165803		4.6955090518		-4.3649470576

						11		6.800		49.400		0.050		0.360		0.020		-0.019		0.0461658031		1.1333987366		-1.0508205879				0.2895854922		5.2622084201		-5.0520220574

						38		11.600		45.000		0.085		0.328		0.055		-0.051		0.1594818653		3.0763679994		-2.8291323521				0.3315544041		5.8693863147		-5.8603455865				CORR. CONCENTRANDO

						48		13.400		43.200		0.098		0.315		0.069		-0.064		0.2014507772		3.804981473		-3.5566235284				0.3735233161		6.5170427356		-6.5474205863				15.82		0.00

						59		15.6		41.2		0.114		0.300		0.085		-0.079		0.2476165803		4.6955090518		-4.3649470576				0.4406735751		7.6909199986		-7.7599058801				0.15		0.00

						69		17		39.5		0.124		0.288		0.095		-0.091		0.2895854922		5.2622084201		-5.0520220574				0.524611399		9.0267113667		-9.0936397032				1.00		0.52

						79		18.5		37.5		0.135		0.273		0.106		-0.106		0.3315544041		5.8693863147		-5.8603455865				0.9526943005		15.2604044182		-15.7623088189				3737.40		17.00

						89		20.1		35.8		0.147		0.261		0.118		-0.118		0.3735233161		6.5170427356		-6.5474205863				1.0156476684		16.2723675759		-16.732297054				1015.57		4.62

						105		23		32.8		0.168		0.239		0.139		-0.140		0.4406735751		7.6909199986		-7.7599058801				1.1079792746		17.6081589441		-18.2276955829

						125		26.3		29.5		0.192		0.215		0.163		-0.164		0.524611399		9.0267113667		-9.0936397032				1.1625388601		18.4177294703		-19.0360191121				CORR. DILUENDO

						227		41.7		13		0.304		0.095		0.275		-0.284		0.9526943005		15.2604044182		-15.7623088189				1.2464766839		19.429692628		-20.3697529352				-16.57		0.00

						242		44.2		10.6		0.323		0.077		0.293		-0.302		1.0156476684		16.2723675759		-16.732297054				1.3262176166		20.8464410488						0.11		0.00

						264		47.5		6.9		0.347		0.050		0.318		-0.329		1.1079792746		17.6081589441		-18.2276955829				1.3849740933		21.4536189434						1.00		0.28

						277		49.5		4.9		0.361		0.036		0.332		-0.343		1.1625388601		18.4177294703		-19.0360191121				1.4647150259		22.4655821011						8809.75		14.00

						297		52		1.6		0.380		0.012		0.350		-0.367		1.2464766839		19.429692628		-20.3697529352				0.0839378238		1.4167484208		-1.1720691173				685.86		1.09

						316		55.5				0.405				0.376				1.3262176166		20.8464410488						0.1678756477		2.63110421		-1.93997647

						330		57				0.416				0.387				1.3849740933		21.4536189434						0.2518134715		3.7645029467		-2.990797058

						349		59.5				0.434				0.405				1.4647150259		22.4655821011						0.3357512953		5.0598157885		-4.1224499988

																												0.4196891192		6.2741715778		-5.1732705867

						I (A)		1.5		A				c0 dil. =		27.5		(mS/cm)				C (g/l) =		43.9				0.503626943		6.7599138935		-6.6282529392

						t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.5875647668		7.7313985249		-7.8811544095

						0		1.500		58.400		0.011		0.426		0.000		0.000		0		0		0				0.6715025907		9.3100610509		-9.4573852914

						10		5.000		55.500		0.037		0.405		0.026		-0.021		0.0839378238		1.4167484208		-1.1720691173				0.7554404145		10.1196315771		-10.2657088205

						20		8.000		53.600		0.058		0.391		0.047		-0.035		0.1678756477		2.63110421		-1.93997647				0.8393782383		11.3339873663		-11.4781941143

						30		10.800		51.000		0.079		0.372		0.068		-0.054		0.2518134715		3.7645029467		-2.990797058				0.9233160622		12.5483431556		-12.771511761				CORR. CONCENTRANDO

						40		14.000		48.200		0.102		0.351		0.091		-0.074		0.3357512953		5.0598157885		-4.1224499988				1.007253886		13.7626989448		-13.9839970548				13.88		0.00

						50		17.000		45.600		0.124		0.332		0.113		-0.093		0.4196891192		6.2741715778		-5.1732705867				1.0911917098		14.7746621025		-15.3177308779				0.09		0.00

						60		18.200		42.000		0.133		0.306		0.122		-0.120		0.503626943		6.7599138935		-6.6282529392				1.1751295337		16.1914105233		-16.5302161717				1.00		0.33

						70		20.600		38.900		0.150		0.284		0.139		-0.142		0.5875647668		7.7313985249		-7.8811544095				1.2590673575		17.6081589441		-17.7427014654				6043.03		17.00

						80		24.500		35.000		0.179		0.255		0.168		-0.171		0.6715025907		9.3100610509		-9.4573852914				1.3430051813		19.1868214701		-19.1976838179				650.04		1.83

						90		26.500		33.000		0.193		0.241		0.183		-0.185		0.7554404145		10.1196315771		-10.2657088205				1.4269430052		20.2392631541		-20.2889205823

						100		29.500		30.000		0.215		0.219		0.204		-0.207		0.8393782383		11.3339873663		-11.4781941143				0.0559585492		0.8891558821						CORR. DILUENDO

						110		32.500		26.800		0.237		0.195		0.226		-0.230		0.9233160622		12.5483431556		-12.771511761				0.1119170984		1.6974794113						-13.96		0.00

						120		35.500		23.8		0.259		0.173		0.248		-0.252		1.007253886		13.7626989448		-13.9839970548				0.1678756477		2.4249705875						0.10		0.00

						130		38.000		20.500		0.277		0.149		0.266		-0.276		1.0911917098		14.7746621025		-15.3177308779				0.2238341969		3.2737102932						1.00		0.35

						140		41.500		17.500		0.303		0.128		0.292		-0.298		1.1751295337		16.1914105233		-16.5302161717				0.2797927461		4.0416176459						5913.00		17.00

						150		45.000		14.500		0.329		0.106		0.318		-0.320		1.2590673575		17.6081589441		-17.7427014654				0.3357512953		4.7691088221						710.60		2.04

						160		48.900		10.900		0.357		0.079		0.346		-0.346		1.3430051813		19.1868214701		-19.1976838179				0.3917098446		5.5774323513

						170		51.500		8.200		0.376		0.060		0.365		-0.366		1.4269430052		20.2392631541		-20.2889205823				0.4476683938		6.3857558805

																												0.503626943		7.1536632332						CORR. TOTALE

																												0.5595854922		8.0024029388						14.75		0.00

		PROVA OSMOSI				t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.6155440415		8.7703102916						0.11		0.00

						0		6.000		35.500		0.044		0.259		0.000		0.000				0		0				0.7274611399		10.3869573499						0.981		0.84

						35		7.000		33.800		0.051		0.246		0.007		-0.012				0.4047852631		-0.6870749998				0.8393782383		12.0036044083						5085.20		96.00

						95		9.400		31.400		0.069		0.229		0.025		-0.030				1.3762698945		-1.6570632348				0.9848704663		14.1456617606						3585.52		67.69

						146		11.100		29.600		0.081		0.216		0.037		-0.043				2.0644048417		-2.3845544111				1.0632124352		15.3581470544

						171		12.000		28.800		0.088		0.210		0.044		-0.049				2.4287115785		-2.7078838227				1.2422797927		17.9043661713

																												0.0461658031		1.0508205879

																												0.1594818653		2.8291323521

						t (min)		hc		hd		Vc (l)		Vd (l)		DVc (l)		DVd (l)		nF		DnC		DnD				0.2014507772		3.5566235284

						0		19.000		27.000		0.139		0.197		0.000		0.000				0		0				0.2476165803		4.3649470576

						20		20.000		26.000		0.146		0.190		0.007		-0.007				0.4047852631		-0.4041617646				0.2895854922		5.0520220574

						82		21.6		24.1		0.158		0.176		0.019		-0.021										0.3315544041		5.8603455865

						130		22		21.5		0.161		0.157		0.022		-0.040										0.3735233161		6.5474205863

																												0.4406735751		7.7599058801

																												0.524611399		9.0936397032

																												0.9526943005		15.7623088189

																												1.0156476684		16.732297054

																												1.1079792746		18.2276955829

																												1.1625388601		19.0360191121

																												1.2464766839		20.3697529352

																												0.0839378238		1.1720691173

																												0.1678756477		1.93997647

																												0.2518134715		2.990797058

																												0.3357512953		4.1224499988

																												0.4196891192		5.1732705867

																												0.503626943		6.6282529392

																												0.5875647668		7.8811544095

																												0.6715025907		9.4573852914

																												0.7554404145		10.2657088205

																												0.8393782383		11.4781941143

																												0.9233160622		12.771511761

																												1.007253886		13.9839970548

																												1.0911917098		15.3177308779

																												1.1751295337		16.5302161717

																												1.2590673575		17.7427014654

																												1.3430051813		19.1976838179

																												1.4269430052		20.2889205823





ELETTRO-OSMOSI

		0		0		0		0		0		0		0

		0		0		0.0839378238		0		0.1678756477		0		0

				0		0.1678756477				0.3357512953

				0		0.2518134715				0.503626943

				0		0.3357512953				0.6715025907

				0		0.4196891192				0.8393782383

				0		0.503626943				1.007253886

				0		0.5875647668				1.1751295337

				0		0.6715025907				1.3430051813

				0		0.7554404145

				0		0.8393782383

				0		0.9233160622

				0		1.007253886

				0		1.0911917098

				0		1.1751295337

				0		1.2590673575

				0		1.3430051813

						1.4269430052

						1.4689119171

						1.4773056995



nF (mol)

DnW (mol)

0

0

0

0

0

0

0

0

0

1.2548343156

0

1.4977054734

0

0

0

2.1858404206

2.9549324205

0

3.9264170519

4.5335949465

0

5.2217298938

5.9908218936

0

6.4765642093

7.609962946

0

7.6909199986

9.2291039983

0

9.0671898931

10.9696806295

0

10.4839383138

12.6293002082

0

11.4959014716

0

12.6293002082

0

14.0865271553

0

15.3008829445

0

16.5961957864

0

17.8915086283

0

19.1868214701

0

20.6440484172

21.8988827328

22.6679747326

22.8703673642



Foglio2

		0		0										0		0		0		0		0		0		0		0

		0.0419689119		0.0419689119										1		1		0.0279792746		0.0279792746		1		1		1		0.0279792746

		0.1426943005		0.1426943005														0.0559585492		0.0559585492								0.0559585492

		0.1930569948		0.1930569948														0.0839378238		0.0839378238								0.0839378238

		0.2434196891		0.2434196891														0.1119170984		0.1119170984								0.1119170984

		0.2937823834		0.2937823834														0.1398963731		0.1398963731								0.1398963731

		0.3357512953		0.3357512953														0.1678756477		0.1678756477								0.1734715026

		0.4112953368		0.4112953368														0.2014507772		0.2014507772								0.1958549223

		0.4532642487		0.4532642487														0.2238341969		0.2238341969								0.2238341969

		0.503626943		0.503626943														0.2518134715		0.2518134715								0.2518134715

		0.5707772021		0.5707772021														0.2797927461		0.2797927461								0.2797927461

		0.612746114		0.612746114														0.3077720207		0.3077720207								0.3077720207

		0.6547150259		0.6547150259														0.3357512953		0.3357512953								0.3861139896

		0.6966839378		0.6966839378														0.3637305699		0.3637305699								0.4196891192

		0.7386528497		0.7386528497														0.3917098446		0.3917098446								0.4476683938

		0.789015544		0.789015544														0.4196891192		0.4196891192								0.4756476684

		0.830984456		0.830984456														0.4476683938		0.4476683938								0.503626943

		0.8477720207		0.8477720207														0.4756476684		0.4756476684								0.5316062176

		0.8561658031		0.8561658031														0.503626943		0.503626943								0.5595854922

		0.8645595855		0.8645595855														0.5316062176		0.5316062176								0.5875647668

		0.8729533679		0.8729533679														0.5595854922		0.5595854922								0.6155440415

		0.8813471503		0.8813471503														0.5875647668		0.5875647668								0.6435233161

																		0.6155440415		0.6155440415								0.6715025907

																		0.6435233161		0.6435233161								0.6994818653

																		0.6715025907		0.6715025907								0.7274611399

																		0.6994818653		0.6994818653								0.7554404145

																		0.7274611399		0.7274611399								0.7722279793

																		0.7554404145		0.7554404145								0.7778238342

																		0.7834196891		0.7834196891								0.7834196891

																		0.8113989637		0.8113989637								0.7862176166

																		0.8393782383		0.8393782383								0.789015544

																		0.867357513		0.867357513								0.7918134715

																		0.8953367876		0.8953367876								0.794611399

																		0.9233160622		0.9233160622								0.7964766839

																		0.9289119171		0.9289119171

																		0.934507772		0.934507772

																		0.9401036269		0.9401036269

																		0.9456994819		0.9456994819

																		0.9512953368		0.9512953368

																		0.9568911917		0.9568911917

																		0.9624870466		0.9624870466



nF  (mol)

Dn (mol)

0.0007841351

0.0002578385

0

0

0

0

0

0

0

0

0.0402958128

-0.0378030432

0.9289625645

-0.9289625645

0.0216212791

-0.0210127877

0.87

-0.87

0.97

0.0261603614

0.1331358299

-0.1366576531

0.0436374176

-0.0417134144

0.0544262467

0.1857169957

-0.1877703247

0.0660822461

-0.066306409

0.0814684175

0.2349655046

-0.2373633254

0.0937518199

-0.086417136

0.1089582234

0.2806236232

-0.2854598311

0.1172747646

-0.1103878751

0.1369056306

0.3209940005

-0.3268294728

0.1363580224

-0.1344854788

0.1643748626

0.3925259094

-0.4035665093

0.1669070592

-0.1629959664

0.1924180896

0.4298941291

-0.4452551446

0.1860656638

-0.1807628261

0.2199893165

0.4795678863

-0.4953106899

0.2065238918

-0.2054087501

0.2462068666

0.5490820716

-0.5588381656

0.2329296631

-0.230280222

0.2746801531

0.5836170511

-0.6006938792

0.254413704

-0.2538089981

0.301783513

0.6186254074

-0.6424886146

0.2822137678

-0.2776061559

0.3789323557

0.6541104266

-0.6841151693

0.3048479928

-0.3024763564

0.4128204241

0.6900754023

-0.7241567577

0.3280264916

-0.3268406446

0.440280719

0.7394041329

-0.7741751777

0.351775237

-0.3530832623

0.4681898094

0.7765032905

-0.8167375779

0.3761210515

-0.3792195161

0.4965553653

0.7858542475

-0.8336915997

0.4078131243

-0.4056376243

0.5233843278

0.7933588326

-0.8420471795

0.4267154881

-0.4327173782

0.5526681318

0.8008831193

-0.8504856324

0.4530220964

-0.4600351463

0.5803903245

0.8140934609

-0.8590263035

0.4800417668

-0.4883412958

0.6085599766

0.8159909042

-0.8669994685

0.5078057248

-0.5167889812

0.6350992718

0.5286163153

-0.5433663097

0.6641613114

0.5577238319

-0.5722799477

0.6915699772

0.5795138888

-0.601450986

0.7194125424

0.6100614088

-0.630729723

0.747697086

0.6328991811

-0.6602923764

0.7640116844

0.6649878128

-0.6888350124

0.7702112448

0.6889448558

-0.7168383527

0.7742450134

0.7133846649

-0.7443076913

0.7773597855

0.7383199938

-0.7705214847

0.7804795207

0.7637638376

-0.795569465

0.781412222

0.7897294347

-0.8175974718

0.7823453631

0.8061334753

-0.8360899932

0.7851615783

0.8074220275

-0.8393714592

0.8188228524

-0.8424292847

0.8201191443

-0.8452720519

0.8214154362

-0.8479581249

0.8227117281

-0.8502523849

0.8342500548

-0.852491903

0.8355541618

-0.8543360531



Foglio3

		0.0069740391		0.0136284804						0.0060485871				0.0091731425				0.0148314222				0.010510012

		0.0144068618		0.0111094784						0.0107991856				0.0097978603				0.0088310799				0.0150213931

		0.019609087		0.0111094784						0.0160779352				0.0116492416				0.017232586				0.0117970221

		0.0244035459		0.0110017764						0.0228285123				0.013928403				0.0275047065				0.022021222

		0.0289343665		0.0156996096						0.031430195				0.0179686427

				0.0210426564						0.3766				0.0219723352

				0.0271088004						0.7984				0.0328857125

				0.03243225						1.1425

				0.03690561						1.6874

				0.04338516						2.3887



C (M)

Ilim(A)

0.4237

0.3759

0.3524

0.378

0.6629

0.7333

0.7053

0.3416

0.6237

0.4113

0.4271

1.0211

1.0084

0.3442

0.867

0.4697

0.8179

0.8122

1.1805

0.3659

1.2174

0.5877

1.256

1.4936

1.4169

0.5213

1.8852

0.7244

0.6371

0.8611

0.7873

1.2917

0.9416

1.0848

1.229



		32.8106629697		1.1820330969		0.6946856547		0.4140786749		0.936329588		0.4819277108

		1.2738853503		0.9910802775		0.6944444444		0.4136504654		0.6138735421		0.4264392324

		0.8605851979		0.7716049383		1.1730205279		0.4132231405		0.464037123		0.3663003663

		0.6105006105		0.6337135615		1.1723329426		0.9818360334		0.3003003003		0.3174603175

		0.4474272931		0.4282655246		1.1702750146		0.683994528		0.9250693802		0.2770083102

		33.8574825396		1.1806375443		1.1689070719		0.6828269034		0.6086427267		0.2197802198

		1.2771392082		0.9910802775		0.5950609938		0.8729812309		0.4739336493		0.180342651

		0.8928571429		0.7698229407		0.5863383172		1.2944983819		0.936329588		0.0883392226

		0.6079027356		0.6325110689		0.5825808331		0.4484304933		0.61462815

		0.4555808656		1.179245283		0.5815644083		0.4464285714		0.4618937644

				0.9900990099		0.3724394786		0.4454342984		0.3039513678

				0.7704160247		0.3703703704		1.055408971		0.1459854015

				0.6321112516		0.3703703704		1.0504201681		0.0531773465

				0.4291845494		0.3696857671		1.0272213662

								0.8120178644

								0.7719027403

								0.7806401249

								0.6244146113

								0.6161429452

								0.5858230814

								0.5819028222

								0.3460207612

								0.4651162791

								0.3436426117

								0.3418803419



c-1 (cm/mS)

rstack -rels (W)

21.1070225385

13.0133226721

9.7301364591

16.1216153976

15.9

20.7848254441

18.7588436066

13.2061226721

8.9139364591

11.2111153976

14.6129819954

14.4022039801

15.5111577499

20.1100226721

9.1906364591

10.0459092272

13.3465819954

11.1018535346

13.1623424068

19.9532226721

16.5418364591

6.9433092272

12.3104044794

8.927260431

10.1121681645

19.3026226721

13.0308364591

14.6539153976

11.8554044794

21.5184067542

19.1990226721

12.6577364591

11.4949153976

11.2314044794

19.469869848

18.4268946296

11.5244887143

14.5478364591

8.9197092272

10.2864044794

14.8480960656

15.2593681645

11.0367887143

20.7637522456

15.1805153976

8.3629740455

11.4538934736

12.8918044794

10.9412887143

8.6897747622

12.6524153976

8.8724051521

21.058814044

11.9548887143

8.4288747622

8.7994092272

18.0107662892

8.2453887143

8.5218747622

6.7570092272

14.7803966739

8.0232887143

17.1512747622

4.5763092272

12.8328819954

7.9888887143

16.6211747622

2.8129092272

9.8404681645

8.1470887143

16.1654747622

13.1218747622

13.0045747622

12.8296747622

10.9720747622

10.6956747622

10.4392522456

10.7672522456

7.1076522456

8.8972522456

6.8119522456

6.7459509994



		





		






