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INTRODUCTION
The Crossflow-microfiltration is a filtration process for which a microporous membrane is used as the separating medium and the suspension flow direction is parallel to the membrane. The colloids, microparticles, microorganisms and macromolecules is the suspension can be removed effectively by this process. Therefore, crossflow-microfiltration has been applied widely in the processes of solid-liquid separation. Furthermore, because the direction of the feed flow is tangential to the membrane surface in crossflow-microfiltration, the formation of a filter cake is minimized and the pressure drop is lower compared to the convention filtration process. However, the potentially high capacity of crossflow-microfiltration is still limited by fouling of the membrane, the term “fouling” includes different processes, such as adsorption of macromolecules on the membrane surface or within the pores, and the formation of a filter cake-layer.

In this paper the behavior of CFMF of a colloidal suspension with the presence of macro-molecules was studied. The analysis is based on the membrane blocking/fouling which increases flow resistances and causes flux decline. The emphasis is also made on the filtration models which are applied to explain the experimental results.

THEORETICAL MODELLING
A quantitative description of cake-layer properties generally starts off with Darcy’s law( Eq. 1), which links the permeate flux J to the transmembrane pressure (TMP).
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where 
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 is the total hydraulic resistance and 
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 the viscosity of the permeate. Resistance in series models are often used to describe the total resistances as the sum of two contributions, one caused by the membrane and one caused by the cake layer ( 
[image: image4.wmf]cake

R

). The resistance caused by the membrane during microfiltration of a suspension can be expected to be higher than the membrane resistance for pure water ( 
[image: image5.wmf]mem
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 ), since some of the pores might be plugged, reducing the effective porosity and thus increasing the hydraulic resistance. This leads to :
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The cake resistance can be calculated by the Kozeny-Carman equation (3) if the cake’s void fraction 
[image: image7.wmf]e

 and the cake-layer thickness 
[image: image8.wmf]c

d

 are known:
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(3)

where 
[image: image10.wmf]p

d

 is the particle diameter. For compressible particles, 
[image: image11.wmf]e

 can be as low as zero. For the laboratory experiments described in this paper, hard powdered activated carbon were used, which were assumed to the practically incompressible.

Standard blocking model (SPBM)

When the particle diameter is much less than the pore diameter, the particles can enter most pores, deposit on the pore walls, and thus reduce the pore volume. The decrease of pore volume is also proportional to the permeate volume and the expression for the model.
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where 
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q

is the initial permeate flux and 
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K

 is the filtration constant in crossflow-microfiltration.

Cake Filtration Model (CFM)

The model is used to explain for the case of large particles which can not enter most pores, and hence deposit forms cake on the membrane surface.
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In order to obtain the filtration constants 
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, 
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 and the experimental data (
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 and 
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 or 
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) were plotted for each form of each other equations. 

EXPERIMENTAL
In this study, a series of membrane experiments (Fig. 1) were conducted incorporating with in-line PAC addition (Fig. 2). 
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A spiral mixing device was made by winding PVC tube with diameter of 6 mm around a column 110 mm in diameter. The feed solution was prepared by mixing metsulfuron-methyl (MM) in Milli-Q water. A wood based PAC with norminal size of 80% finer than 75 (m was used. The PAC and solution were sent together into a mixing device and went through to the CFMF cell. The CFMF cell has 9 filtration channels and the total membrane area is 3.24×10-3 m2. The membrane used was hydrophilic poly-vinylidene fluoride (PVDF) supplied by Millipore and is referred to as GVLP with the average pore size of 0.2 m. The pressure of the membrane was controlled at 20 kPa by two valves and pressure transducers at two points. The flow rate and the inlet and outlet pressures of the suspension were measured by a rotameter and pressure gauge, respectively. The permeate flux was measured by an electronic balance and recorded until a steady state was reached. 
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RESULTS AND DISCUSSION

The results of Figs. 3 and 4 show the resistances in microfiltration as a function of time. From the measured flux, a total apparent resistance (
[image: image21.wmf]tot

R

) can be calculated, using Darcy’s law(Eq. 1). Figure 3 also shows that total resistance was inversely proportional to permeate flux. Figure 5 shows that cake layer can be calculated by Kozeny-Carman equation (3). The cake porosity value was assumed to be 0.4. Figure 6 shows good correspondence of the numerical calculated values with the experiments. Cake filtration model was used to fit experimental data. From this model, the most of the activated carbon particles were too large to enter the membrane pores and were deposited as cake on membrane surface.
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Figure 1. Schematic of the membrane cell





Figure 2. Experimental Set-up for hybrid system with


                Adsorption(PAC) - CFMF(membrane) 
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Fig. 3. Time vs permeate flux and total resistance . TMP=20kPa, Q=200ml/min, membrane = 0.2 m








Fig. 4. Time vs resistances. TMP=20kPa, Q=200ml/min, membrane = 0.2 m











Fig. 5. Time vs permeate flux and cake layer. TMP=20kPa, Q=200ml/min,


 membrane = 0.2 m

















Fig. 6. Time vs volume curves estimated from the constant pressure filtration models.TMP=20kPa, Q=200ml/min, 


membrane = 0.2 m
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