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Abstract - Filtration through membranes is a process largely employed in the food and chemical industry to 
separate particles. Sieves present some advantages in relation to conventional membranes such as high 
homogeneity in the pore sizes, smooth surfaces, straight-through pores, etc. In this paper we compare the 
selectivity in the exclusion of particles by size of sieves with circular and slit pores with the same porosity. 
The selectivity was investigated by filtering a mixture of rutin in water in a cross-flow filtration system. The 
particle-size distribution of the rutin solution was measured before and after microfiltration. The results 
showed a high efficiency in the size exclusion of particles for microsieves with circular pores. The filtration 
through a commercial membrane (net filter) with similar characteristics was also characterized for 
comparison. 
Keywords: Membrane; LIGA process; Particle separation; Retention factor. 

 
 
 

INTRODUCTION 
 

Microfiltration processes using the permeation of 
fluid through membranes are widely employed in 
pharmaceutical, biotechnological and food industries 
for removal or separation of particles (Takagia et al., 
2005). The efficiency in the separation or retention 
of particles in the microfiltration depends on the size 
distribution of particles present in the solution to be 
filtered and on the membrane pore size distribution.  

A large variety of membranes can be used in 
filtration systems. They can be made from different 
materials such as: cellulose, polypropylene, PTFE 
(polytetrafluoroethylene), polycarbonate, etc 
(Millipore, 2002). Each material presents a different 
chemical and mechanical resistance, pore density 
and pore size distribution. These membranes, 
however, present a random network of pores with a 

wide distribution of pore sizes. The networks of 
pores, as well as their sizes, depend on the statistical 
self-assembly of material molecules during the 
material synthesis, or on the lamination process of 
the membrane sheets. The pore size distribution of 
membranes can be measured by several methods 
(Calvo et al., 1995); among these, the most usual is 
the Bubble Point (Hernandez and et al., 1996) 

For pore sizes on the scale of tenths of microns, 
the Net Filter (Millipore, 2002) presents the best 
homogeneity in terms of pore size distribution 
among the available commercial membranes. With 
the development of micro-machining fabrication 
techniques (Madou, 2002), however, smooth surface 
sieves with controlled shape of pores and porosity 
can be fabricated using Si technology (Tong et al., 
2005; Rijn et al., 1999), LIGA technology-
Lithographie Galvanoformung Abformung (Malek 
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and Saile, 2004; Storkveco Inc, 2009) or Soft 
Lithography (Madou, 2002; Girones et al., 2006).  
Besides the homogeneity in the pore sizes and pore 
distribution, the sieves present a very smooth surface 
and they can be fabricated with a thickness much 
smaller than the pore diameter, forming a screen 
filter (Kuiper et al., 1998). Such properties reduce 
the flow resistance, increasing the velocity of 
filtration as well as allowing the use of the sieves in 
retro-cleaning processes.  

The main problem in microfiltration systems 
employing membranes is the fouling that strongly 
reduces the filtration flow as well as the pore sizes of 
the membrane (Ho and Zydney, 2002). The fouling 
occurs because of the accumulation of non-permeating 
particles on the membranes, forming a cake layer 
(Takahashi et al., 1991), or by pore plugging (Bauer et 
al., 2008) when particles are trapped or adsorbed 
(Bolton et al., 2006) inside the pores.  

Because the thickness of the sieve is smaller than 
the pore diameter and the pores have the same shape 
and diameter along the depth, the effect of the pore 
plugging and adsorption is negligible in comparison 
to the accumulation of particles at the surface or cake 
formation (Bikel et al., 2010; Brans et al., 2006). 
This cake formation in the sieves can be strongly 
reduced by using cross-flow filtration systems with 
lower trans-membrane pressures (Kuiper et al., 
1998). In such systems, the main flow is tangential to 
the membrane, removing the non-permeated 
particles, while the permeated flow is perpendicular 
to the membrane surface (Kuiper and et al, 1998). In 
this type of device, the pressure across the membrane 
is much smaller than that employed in frontal flow 
systems; thus, they are appropriate for the use of 
screen type filters (Bikel et al., 2010). 

Besides the cross-flow filtration system, other 
types of microfluidic devices that do not employ 
membranes have been proposed and demonstrated 
for separation and fractionation of particles and 
microorganisms (Kulrattanarak et al., 2008). 
Although such systems present fewer problems of 
particle accumulation compared to membranes, they 
are more expensive and applicable only for small 
volumes (Grujic et al., 2005). Thus, for industrial 
processes, filtration systems using membranes are 
more appropriate and microsieves are a promising 
alternative to substitute membranes in processes of 
exclusion of particles by size. 

There are several papers concerning micro-sieve 
fabrication (Rijn et al., 1999; Girones et al., 2006; 
Gutierrez-Rivera et al., 2005; Gutierrez-Rivera et al., 
2008), but the characterization of such sieves has 

concentrated on studies of flux (Brans et al., 2006) 
and fouling effects (Chandler and Zydney, 2006). 
The ability of the sieves to separate particles by size 
or size exclusion is much less investigated in the 
literature.   

In this paper, we use a conventional LIGA 
process to fabricate sieves with pores of different 
shapes but with the same porosity and characterize 
the ability of these sieves to separate particles by 
measuring the size distribution of particles of rutin in 
suspension before and after microfiltration. 
 
 

EXPERIMENTAL 
 
Sieve Fabrication 
 

The process used for the fabrication of 
microsieves is schematized in Figure 1. It consists of 
three steps: photoresist lithography; nickel 
electroforming of the membrane and membrane 
release. The lithography starts with the spin coating 
of the positive photoresist   AZ 4620 (from Clariant) 
on a glass substrate, previously coated with a thin 
conductive film ~ 30nm of Au, forming a photoresist 
film about 15 μm in thickness (Figure 1a). After the 
pre-bake of the photoresist for 20 minutes at 70oC, it 
is exposed, in a conventional optical lithography 
system, using an appropriate mask that determines 
the geometry of the pores (Figure 1b). The 
photoresist film is then developed in AZ 400 
developer diluted 1:4 in deionized (DI) water for 
about 3 minutes, rinsed in DI water and dried under 
N2 flow (Figure 1c). The sieve is then electroformed 
in a Nickel electrochemical bath at 50oC for about 4 
minutes in order to obtain the desired 10 μm 
thickness (Figure 1 d). The nickel film cannot be 
thicker than about 80% of the height of the 
photoresist structure, otherwise the electroformed 
nickel will close the sieve pores. The membrane is 
finally released from the substrate by submerging the 
sample in water and applying ultrasound (Figure 1e).   

The nickel microsieves were fabricated with a 
thickness of 10μm and areas of 11x11mm2, with the 
same perforated area (porosity) of 23%, but with two 
different pore shapes: circles (with diameter of 
50μm) and slits (50x250μm). The thickness of the 
nickel sieves can be controlled by the 
electrodeposition time, while the photomask design 
defines the shape, dimensions and distribution of the 
pores (porosity).  In order to improve the mechanical 
resistanece of the microsieves, a continuous nickel 
border was grown.  
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Figure 1: Scheme of the process of fabrication of Microsieves: a) Photoresist coating; b) Mask 
exposure; c) Development; d) Nickel electroforming and e) Sieve release. 

 
The Microfiltration  
 

In order to analyze the selectivity of particles by 
the sieves, we prepared a mixture  of rutin powder in 
distilled water (1.1 g/cm3). Figure 2 shows the SEM 
(Scanning Electron Microscopy) image of micro-
particles of rutin on a grid. Note the large dispersion 
in the particle sizes and shapes. Although the rutin 
particles are not spherical and well defined, they 
were chosen because they present a large dispersion 
of particle sizes around the dimensions of the pores 
of the sieves (~ 50µm). They were also available and 
it was easier to prepare the mixtures. The mixture 
was pumped into a cross flow microfiltration module 
by using a peristaltic pump (Masterflex, MAM 5005) 
with a flow of 200 ml/min (Figure 3a). The module 
is composed of one inlet and two outlets and is 
schematized in Figure 3b. The microsieve or the net 
filter was mounted in the first outlet that provides the 

permeate flow, while the other outlet permits the 
circulation of most of the fluid through the system. 
This microfiltration module, developed by Contri 
(Contri, 2002), was based on a system previously 
proposed (Kuiper et al., 2000). The transparent 
acrylic top cover of the system allows visual 
observation of cake formation during the filtration. 
The flow of 200 ml/min was chosen in order to avoid 
cake formation. 

The rutin solution was analyzed before and after 
filtration using a Malvern Inc. Mastersizer particle 
size analyzer (whose sensitivity detects particles 
from 0.05μm up to 900 μm). In order to avoid 
agglutination of the rutin particles, the solution was 
prepared, measured, filtered and measured again as 
soon as possible. The maximum time interval 
between the first measurement of the solution and 
the second measurement, after the filtration, was 
about 1 hour. 
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Figure 2: Scanning Electron Microscope (SEM) images of rutin particles. 
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Figure 3: (a) Scheme of the microfiltration system. (b) Top view photograph of the 
cross flow filtration device and lateral view photograph (the transparent cover allows 
one to observe the liquid flow during the filtration).  
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RESULTS AND DISCUSSION 
 

The fabricated microsieves were analyzed by 
optical and Scanning Electron Microscopy (SEM). 
Figures 4 and 5 show SEM photographs of the 
fabricated sieves with circular and slit types of pores, 
respectively. Figures 6a and 6b show respectively the 
SEM photograph and the Optical Microscope 
photograph of a commercial Net Filter (Millipore 
NY41), with 31% of porosity. Note the difference 
between the optical and electron microcopies of the 
Net Filter (Figure 6a and 6b). Because of the higher 
focus depth of the SEM, it is possible to see the relief 
of the mesh of the Net Filter.  

Using several top view photographic SEM images

of random areas of each sample and an image analysis 
program (Media Cybernetics, Inc.), we measured the 
pore size distribution of the circular pore microsieve, 
of the slit pore microsieve and of the net filter 
membrane. Table 1 summarizes these measurements. 
The mean pore (M) diameter of the circular pore sieve 
is 50.4 μm with a standard deviation σ = 0.9 μm, while 
the mean width of the slits is 53.5 μm and their mean 
length is 243.2 μm, with standard deviations (σ) of 1.8 
μm and 2.7 μm, respectively. Although these 
measurements were performed for a unique sieve of 
each type, all the sieves fabricated by the same process 
presented similar results. For the net filter membrane 
(Millipore Company), the mean size is 40.8 μm with a 
standard deviation of 1.9 μm.  

 

  
Figure 4: Scanning electron microscope (SEM) 
photograph of a Nickel microsieve with circular 
pores. 

Figure 5: SEM photograph of a microsieve with 
slit-shaped pores. 

 

  
(a) (b) 

Figure 6: (a) SEM photograph of a nylon net filter membrane from Millipore Corporation; (b) Optical 
microscopy of the same filter. 

 
Table 1: Sieve opening size for pores with different shapes 

 
Sieve Mean Pore Size 

(µm) 
Standard Deviation  

(µm) 
Circular Pore 50.4 0.9 
Millipore Net Filter  40.8 1.9 

Slit Pore (Width/Length) 
53.5 / 243.2 

(Width/Length) 
1.8/2.7 
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Attempts to measure the pore size distribution of 
the microsieves by using a Mercury Porosimeter 
(Autopore 9500 from Micrometrics Instruments 
Corporation) were unsuccessful because the residual 
gold, arising from the process of electroformation of 
the sieves, reacted with the mercury, forming an 
amalgam. On the other hand, the measurement of the 
net filter using this same porosimeter resulted in a 
distribution of pore sizes much larger than that 
shown in Table 1. This is attributed to the pressure 
applied during the measurement, which could have 
deformed the mesh pores (Figure 6a).  

The characterization of the sieves as a filtration 
device was performed by measuring the particle size 
distribution of a solution of rutin before and after the 
filtration. The measurements of the particle size 
distribution before and after filtration are shown in 
Figures 7, 8 and 9. Figure 7 shows the results for the 
microsieve with circular pores 50 μm in diameter. 
From this figure, it can be observed that, before the 
filtration, about 24 % of the particles in the solution 
have sizes larger than 50 μm and about 20 % sizes 
larger than 60μm. After the filtration, this percentage 
is reduced to 1.1 % for particles larger than 50 μm, 
and this percentage vanishes for particles larger than 
60μm. Figure 8 shows the results for the sieve with 
slit pores of 50 μm X 250 μm. For the filtration 
through slit pores (Figure 9), there is a reduction 
from 17 % to 6 % in the percentage of particles 
above 50 μm in diameter and this percentage 

vanishes only for particle sizes above 90 μm. Note 
that the initial distributions of particle sizes of the 
rutin before filtration (Figure 7 and 8) are different. 
Although the same rutin powder and the same 
concentration were used, this difference probably 
occurs because the rutin solutions were prepared and 
measured at different time intervals. 

Figure 9 shows the same results for a commercial 
nylon net-filter (Millipore, 2002) with a nominal 
pore size of 41μm. As can be seen, the behavior is 
very similar to that of the circular microsieves. There 
is a reduction from 38% to 1.14 % in the percentage 
of particles above 41μm and there are no particles 
larger than 60 μm in the permeated solution.  Note 
that, in this case, there is a relative increase in the 
concentration of small particles after filtration 
through the net Filter (first maximum of the size 
distribution).  
 For the nickel sieves, we did not observe any 
cake formation during the cross-flow filtration, nor 
did we observe (by SEM) the presence of rutin 
particles on the sieves after filtration. For the net 
filter, however, we observed the presence of rutin 
particles during the filtration and in the SEM images 
of the mesh after filtration.  This cake formation in 
the net filter could explain the relative increase of the 
small particles in the rutin solution after filtration. 
The fouling reduces the pore size, increasing the 
distribution of particles much smaller than the pore 
size in the permeate.   
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(a) (b) 

Figure 7:  Distribution of particles obtained from the Mastersizer-particle-size analyzer. a) Initial 
Solution: Percentage in volume of the solution as a function of the particle diameter. The dotted vertical 
line corresponds to the mean circular pore diameter of the sieve. b) The same for the solution permeated 
through the microsieves with circular pores. 
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(a) (b) 

Figure 8: Distribution of particles obtained from the Mastersizer particle-size analyzer. a) Initial Solution: 
Percentage in volume of the solution as a function of the diameter of particles. b) The same for the 
solution permeated through the microsieve with slit-shaped pores of 50x250 μm. The dotted vertical line 
corresponds to the mean slit width of 50μm.  
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(a) (b) 

Figure 9: Distribution of particles obtained from the Mastersizer particle-size analyzer. a) Initial Solution: 
Percentage in volume of the solution as a function of diameter of particles. b) The same for the solution 
permeated through the net filter membrane of nylon with pores of 41 μm. The dotted vertical line 
corresponds to the mean pore size of the net filter (41 μm). 

 
 
If we assume that there is no chemical or 

electrical interaction between the particles and the 
sieve, we can compare their selectivity. In order to 
compare the selectivity of the sieves, we define a 
retention factor RD as one minus the ratio between 
the percentage of particles in the filtered solution (Pf) 
with sizes above D, and the percentage of particles in 
the initial solution (Pi) above this same size: 
 

f
D

i

PR 1
P

⎛ ⎞
= −⎜ ⎟
⎝ ⎠

                   (1) 

 
For RD = 1 the retention of particles above D is

100%, while for RD = 0 the retention of particles 
above D is 0%.  We summarize the RD factor for 
these 3 types of filters in Table 2. 
 

Table 2: Retention Factor 
 

RD 

Microsieve 
Circular Pores 

of 50μm 

Microsieve 
Slit Pores 

50X250μm 

Net Filter 
Pores 
 41μm 

R41μm - - 0.97 
R45μm - - 0.99 
R50μm 0.97 0.65 1.00 
R55μm 0.99 0.67 1.00 
R60μm 1.00 0.75 1.00 
R90μm 1.00 1.00 1.00 
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As shown in Table 2, the micro-sieve with circular 
pores presents the same retention factor (0.97) as the 
nylon net-filter at the nominal size of the pore (50μm 
and 41μm, respectively) and the retention factor 
increases rapidly to 1 when the size of the particles is 
20 % larger than the nominal size of the pores. A 
small retention factor (R50μm), for particles sizes larger 
than 50μm is observed for the microsieves with slit 
shaped pores. This occurs because the rutin particles 
used in our experiment are not symmetrical; thus, an 
asymmetrical particle can pass through the slits, but 
not through the circular pores. For spherical particles, 
however, the selectivity of both circular and slit pore 
sieves should be the same. In this case, it has been 
demonstrated that slit pore sieves present low flow 
resistance (Kuiper and et al, 2002) and less fouling 
(Kuiper and et al. 2000) compared to circular pore 
sieves with the same porosity. 
 
 

CONCLUSIONS 
 

Microsieves with circular pores exhibit a strong 
cutoff in the size distribution of particles in the 
permeate. This cutoff size is close to the nominal 
dimensions of the membrane pores. For such 
microsieves, the retention coefficient is 97% for 
particles with sizes larger than the nominal pore 
diameter (50μm). A similar behavior in the retention 
of particles was found for filtration through the nylon 
net filter, for particle sizes larger than the nominal 
41μm size of the pores. Such net filters may, however, 
undergo deformation in the pore sizes when submitted 
to high pressures, as well as present cake formation in 
the mesh, causing an increase of particles much 
smaller than the pore size in the permeate. The poorer 
retention of particles by the slit-shaped pores occurs 
because the particles used in our experiment are not 
symmetrical.  

The characterization of the selectivity of 
membranes by measuring the size distribution of 
particles in the permeate is not appropriate in the 
case of cake formation or pore plugging during the 
filtration process because, in such cases, there is a 
reduction in the nominal pore size of the membranes. 
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