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ABSTRACT. Nanoporous alumina membranes were electrochemically prepared in sulfuric or phosphoric acid. After preparation they were used for microfiltration of biological media, such as human red blood cells and bovine serum albumin. The filtration efficiency was studied by UV-Vis absorption spectroscopy.

1. INTRODUCTION


Aluminum oxide (Al2O3) has attracted a great attention as template material for fabrication of nano-devices and for application to micro and ultrafiltration.   


Filters can be divided into two general categories according to whether particle retention occurs on the surface or throughout the filter’s depth. A wide variety of filter membranes are currently produced. Filters based on cellulose membranes are the most widely used for routine applications. If high filtration performance is required, a microporous inorganic membrane (Al2O3) is recommended /1/. The tightly- packed capillary pores produce a filtration mechanism, which operates by surface sieving particles. The alumina membranes have several features that indicate the practical benefit in analytical and diagnostic separations. They are transparent, allowing the view of the retained materials from either side of the membrane. The capillary pore structure allows no lateral diffusion of liquids along the membrane /2/. 


In this paper we present the filtration efficiency of alumina membranes, for solutions of human red blood cells and bovine serum albumin.

2. EXPERIMENTAL
High purity (99.9%) aluminum foil was vertically mounted between the two parts of an electrochemical cell. One side was exposed to electrolyte while the other side was exposed to distilled water. A large area aluminum disk was used as counter electrode. The electrolyte employed during oxidation was either an aqueous solution of 15% sulfuric acid or 32% phosphoric acid with 1% sulfuric acid. 


The oxidation was performed at low temperature (4…80 C) for about 3 hours, at a current density of 17 mAcm-2 (15% H2SO4) and respectively 10 mAcm-2 (32% H3PO4 + 1% H2SO4). The stirring of the electrolyte during oxidation was a necessary condition for the formation of an ordered structure oxide.


In order to obtain nanoporous alumina membranes, the Al2O3/Al layer was treated as following: the residual Al from the backside was removed, by etching in a solution of CuCl2 and HCl; after that, the barrier layer was dissolved in 32% phosphoric acid. At the end of these steps we obtained nanoporous membranes having pores’ diameter between 20 and 100 nm. We have used these membranes as filters for biological media.

3. RESULTS AND DISCUSSIONS
Filtration of human red blood cells

Red blood cells (erythrocytes) were isolated from the blood by centrifugation and repeatedly washing with buffered serum (150 mM NaCl, HEPES 4mM, pH 7.4). After the last centrifugation, the erythrocyte pallet was suspended in a buffered medium, at a concentration of 0.1%. The cell suspension was then filtered through a 20 nm porous alumina membrane (the membrane was prepared in 15% sulfuric acid) and also through a 100 nm porous membrane. 

The filtration was performed by mounting the alumina membrane into a cell and than connecting the cell to a vacuum pump. Both the initial and the filtered solutions were analyzed by UV-Vis absorption spectroscopy, using a SPECORD UV-Vis spectrophotometer.
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The hemoglobin, the main protein of the erythrocytes (98%), presents a characteristic absorption maximum at 410 nm. Since its intensity is proportional with the hemoglobin concentration, we could evaluate the filtration efficiency of the alumina membrane. The results are presented in fig.1and fig.2. In fig.1, curve 1 represents the spectrum of 0.1% aqueous erythrocytes solution (obtained by hemolysis of erythrocytes in water) while curve 2 represents the spectrum of 0.1% erythrocytes in buffered medium.

Fig1: Absorption spectra of initials (1,2) and filtered (3,4) solutions of human red blood cells, through 20 nm alumina membrane
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Fig2: Absorption spectra of initials (1,4) and filtered (2,3) solutions of human red blood cells through a 100 nm alumina membrane 

Although the two solutions have the same hemoglobin concentration, the intensity of the two curves is different. This is due to the fact that in the first solution, the hemoglobin is released from the cell and it absorbs a large quantity of the incident radiation. 

In the second case, the erythrocytes’ membranes prevent the absorption of the radiation, by hemoglobin. Also, one can observe that in this case (curve 2) the baseline is far from zero, due to the light scattering on the cell membrane.

Curve 3 represents the absorption spectra of the filtered erythrocyte suspension, through 20nm porous alumina membranes. Curve 4, that overlaps curve 3, was characteristic for the filtered suspension, hemolysed with water. Both spectra have baselines close to zero and that suggests the absence of the erythrocytes after filtration.

In fig.2, curve 1 represents the absorption spectrum of 0.1% aqueous erythrocytes solution while curve 4 represents the spectrum of 0.1% erythrocytes in buffered medium. After filtration through a 100nm porous membrane, we have obtained two identical curves (2 and 3).

The filtration efficiency is given by the rejection factor, which is defined as: 

R=1-(Cf / CI)

where Cf and CI represent the concentration of the filtered and initial solutions. In our case, the concentration of the filtered solutions was 0.007% (for a 20nm porous membrane) and 0.038% (for a 100nm porous membrane) and that gives rejection factors of 0.93 respectively 0.62. 

Filtration of bovine serum albumin

A solution of 0.1% bovine serum albumin (Mw=67000) was filtered through porous alumina membranes, having the pore diameter of 20nm and 100nm. The filtration efficiency was determined by analyzing the content of albumin, from the filtered solutions, with an UV-Vis spectrophotometer. 


The albumin has three main absorption maxima, at 278nm (due to the presence of tyrosine), 203nm and 190nm (due to the presence of other aminoacids). In fig.3 is illustrated the absorption spectra of 0.1% albumin solution filtered through a 100nm porous membrane (P1) and 20nm membrane  (P2). 
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In order to determine the concentration of these solutions, the spectra were compared with those of some standard solutions, obtained by successive dilutions of the 0.1% albumin solution (M1 respectively M2). 

Fig.3 Absorption spectra of filtered solutions of bovine serum albumin through a 100nm alumina filter (P1) and 20nm alumina filter (P2)

The albumin concentration of M1 standard solution was 0.058% and that corresponds to the concentration of filtered solution, P1. In the case of M2 standard solution, the albumin concentration was very low (0.0014%), suggesting that the 20nm porous membrane retained almost the entire albumin. The rejection factor of the two membranes has the value of 0.42 (100nm membrane) and 0.986 (20nm membrane). These results show very good filtration efficiency for the 20nm alumina filter. 

4. CONCLUSIONS
Porous alumina membranes prepared in sulfuric and phosphoric acids, were used as molecular filters for human red blood cells solutions and bovine serum albumin solution. A very good filtration efficiency was obtained with the 20 nm porous membranes, that gave rejection factors higher than 0.92.
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