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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 .
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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:
	 	(1)
	    	(2)		
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:
	 	(3)
with 
		(4)
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:
			(5)
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.
[image: ]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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