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Abstract: Sieving or screening plays a crucial role in the processing of particulate materials. The sieving process 

is affected by many factors, including the selection of suitable sieving equipment. Several experiments were carried 

out to examine the influence of three basic sieving parameters on process efficiency. The investigated material 

was MCC Avicel PH102, which is widely used as an excipient in the pharmaceutical industry. The three mentioned 

parameters were sample mass, sieving duration, and vibration amplitude. It was necessary to find a suitable method 

to evaluate screening efficiency. 
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1 Introduction 

Sieving and screening machines are among the most widely used devices in the production 

and processing of particulate material [2], and are mainly used in the pharmaceutical, food, 

chemical, and mining industry. The equipment used in these areas must meet ever-increasing 

demands for accuracy and performance. For this reason, it is important to maximize screening 

efficiency [9]. 

The term ‘sieving’ is used to refer to a batch sizing process, as distinct from screening, which 

usually means a continuous process [1]. The particle size distribution of product fractions can 

have a significant influence on the properties of the material, for instance on bulk density or on 

specific surface area. The authors found in an article [24] that the particle size distribution of 

flour affects baking quality, since the content of proteins and minerals varies with the size of 

the particles. The dependence of protein content on particle size was also confirmed in [1]. The 

size of rice flour particles also affects the texture and hardness of the product [23]. Furthermore, 

in [8] it was confirmed that as particle size decreases, the moisture content of the coal increases 

significantly. These examples show that increasing sieving efficiency has a significant impact 

on quality. 

In fact, the screening and sieving process, influenced by many factors, is governed by the 

laws of physics and fluid mechanics, which makes it a complex task. Factors affecting the 

movement of individual particles and thus the efficiency of the process can be divided into three 

groups [21]. The effects of these parameters have been investigated by many authors. The first 

group includes the properties of the raw material, such as particle size distribution [12, 15], 

particle shape [5, 11, 20], moisture content [1, 8]. Factors that depend on the design of the 

equipment used belong to a second group, and includes the shape and size of the screen 

openings [5, 8, 11, 12, 20, 26, 27], type and material [5, 8], screen inclination angle [2, 4, 6, 11, 

14, 21, 26, 27], vibration mode (linear, circular, elliptical) [2, 7], direction [4, 6, 14, 19, 22], 

vibration amplitude [2, 11, 14, 19, 21, 27] and frequency [2, 4, 6, 11, 14, 19, 22, 27]. The third 
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group includes factors that characterise the sieving/screening process itself, such as mass flow 

(in the case of a continuous process) or the amount of material fed in (in the case of a batch 

process) [5, 8, 11, 12, 20, 22], sieving duration [1, 3, 16] and the influence of particle layer 

thickness [8, 10, 11, 15]. The sieving/screening process is also accompanied by blinding of the 

screen apertures, which is mainly caused by near mesh-sized particles. This phenomenon results 

a reduction of the effective screening area, and was analysed by the authors in studies [3, 16]. 

The aim is to optimise the whole process to maximise efficiency as much as possible, but it is 

important to keep in mind that increasing the amount of material fed adversely affects mesh 

wear. Wear problems were examined in articles [4, 6, 14]. The effects of the above-mentioned 

factors on particle motion and efficiency are often investigated by use of the discrete element 

method (DEM) [2, 4-8, 11-14, 19, 20, 22, 26]. 

2. Sieving efficiency 

The efficiency of the sieving process can be derived by the use of a simple mass balance [30, 

31]. The sieving efficiency defines the ratio to which the real process approaches the ideal 

process. Usually, the efficiency is related to the sieving surface and consists of two recoveries. 

The first recovery characterizes the oversize fraction – 𝑟𝐴, the second recovery, the undersize 

fraction – 𝑟𝐵. The mass balance shows that the recovery of particles that have a diameter larger 

than aperture size 𝐷𝑎 can be expressed as follows: 

𝑟𝐴 =
𝐴 𝑅𝐴

𝐹 𝑅𝐹
=

𝑅𝐴(𝑅𝐹 − 𝑅𝐵)

𝑅𝐹(𝑅𝐴 − 𝑅𝐵)
 (1) 

and the recovery of particles which have a diameter equal to or smaller than the aperture size 

𝐷𝑎 can be written as the following equation: 

𝑟𝐵 =
𝐵 (1 − 𝑅𝐵)

𝐹 (1 − 𝑅𝐹)
=

(1 − 𝑅𝐵)(𝑅𝐴 − 𝑅𝐹)

(1 − 𝑅𝐹)(𝑅𝐴 − 𝑅𝐵)
 (2) 

where 𝐴 is the mass of the oversized product, 𝐵 is the mass of the undersized product, 𝐹 is the 

mass of the raw material, 𝑅𝐴 is the mass fraction of particles which have a diameter larger than 

aperture size 𝐷𝑎 in the oversized product, 𝑅𝐵 is the mass fraction of particles which have a 

diameter larger than aperture size 𝐷𝑎 in the undersized product, 𝑅𝐹 is the mass fraction of 

particles which have a diameter larger than the aperture size in the raw material, 𝑟𝐴 is the 

recovery of coarse product and 𝑟𝐵 is the recovery of fine product. 

The total classification efficiency η can be calculated in two ways, either by multiplying 

individual recoveries as in [25, 31], in which case the total classification efficiency can be 

expressed as follows: 

η = 𝑟𝐴𝑟𝐵100 (3) 

or by summing up these recoveries [21, 27, 30], then the total classification efficiency can be 

written as: 

η = (𝑟𝐴 + 𝑟𝐵 − 1)100 (4) 

A different form of calculation was chosen by the authors in papers [8, 10, 14], where they 

expressed the mass fractions differently, but this solution gives the same results as Eq. (3). In 

some cases, such as simulations with spherical particles, is used a simplified form of efficiency 

calculations, which excludes the occurrence of particles larger than 𝐷𝑎 in the undersized 

product. 

Eq. (3) and (4) are very convenient for use in the case of a single-sieve surface. Here the raw 

material is divided into 2 fractions, oversized product and undersized product. By analysing 
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these fractions, the parameters to Eq. (1) and (2) can be determined. However, this is no longer 

clear in the case of measurements with multiple sieving surfaces because it is questionable 

whether, in the case of a specific sieve only the oversize product and undersize product directly 

above or below the sieve should be taken into account, or whether other fractions should also 

be included in the calculation. It is not the same whether, in the case of a sieve with a 200 µm 

aperture size, only the fraction on the sieve with a 100 µm aperture size is considered as 

undersize fraction or also the other fractions below. For this reason, in this paper the evaluation 

of sieving efficiency was performed in a slightly different way. Efficiency was defined as the 

ratio of the mass of particles belonging to a given fraction on a given sieve to the mass of 

particles that should theoretically be in that fraction at the end of the process. Put simply: what 

percentage of the mass at the end of the sieving process was in the right place in the right 

fraction. The equations shown above will always assign the efficiency to a given sieve, while 

the efficiency used in this paper expresses how efficiently particles of a given fraction get to 

the desired sieve and how efficiently they stay there. 

3 Experimental material 

Microcrystalline cellulose (MCC) is one of the most widely used pharmaceutical excipients 

for the uniaxial pressing of tablets [17, 32]. In the experiments described in this paper, samples 

of MCC Avicel PH102 from FMC BioPolymer were used. The particle size distribution of the 

experimental material was measured using the Malvern Mastersizer 3000 laser analyser with a 

dry dispersion unit. MS3000 uses the volume of the particle to measure its size through the 

volume equivalent diameter [18]. The output of such an analysis is shown in Fig. 1a). It can be 

seen that Avicel PH102 is a polydisperse material in which particles as small as a few 

micrometers to particles over 300 µm are present. Fig. 1b) shows an electron microscopy image 

of Avicel PH102. It should be noted that the present particles of the raw material have a non-

spherical angular shape, which causes deviations in the results. 

 

 
a)                                                         b) 

Fig.1. Avicel PH102: a) particle size distribution; b) electron microscopy image [32] 

4 Experimental measurements  

4.1 Sieving 

For sieve analysis, Retsch AS 200 sieving equipment, with adjustable parameters was used: 

vibration amplitude (max 3 mm = 100 %) and sieving duration (from 1 min to 99 min). Based 

on the particle size distribution curve (Fig. 1a), sieves with aperture sizes of 63 µm, 100 µm, 

200 µm and 315 µm were selected. 
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4.2 Measurement process 

During the initial measurements, it was found that the minimum amplitude that has any 

demonstrable effect on particle motion is 40 %. This value was chosen as an initial value, others 

were chosen in increments of 20 %, so that the amplitudes at which the experiments were carried 

out were 40 %, 60 %, 80 %, and 100 %. The second varying parameter was sieving duration    

(1 min, 3 min, 6 min, and 9 min). The masses of the input raw material were 25 g, 50 g, and 75 

g. A small sample amount was taken from each fraction for laser analysis by an MS 3000 

analyser. Each measurement was performed 3 times, with the average taken as a result. 

4.3 Measurement evaluation methodology 

During an efficiency calculation, 2 cases are always compared: real and ideal. An ideal sieve 

sharply separates the feed into 2 fractions. Such an ideal process would define the cut diameter, 

which is the aperture size of the sieve. The results of the analysis of the raw material particle 

size distribution are shown in Table 1, where the sieve aperture sizes (63 µm, 100 µm, 200 µm, 

and 315 µm) are also indicated. Using these data, it is possible to calculate the amount of 

material that should be present on each sieve at the end of the process. When 4 sieves are used, 

there are a maximum 5 fractions at the end of the sieving. The fraction which is found at the 

end of the process at the bottom of the set of sieves, i.e. in the pan, is referred to as fraction 0. 

The next fraction, located at the end of the classification on the 63 µm sieve, is referred to as 

fraction 63, and so on. Based on Table 1, at the end of the ideal process in fraction 0 (i.e. below 

the sieve with 63 µm aperture size, in the pan), 31,22 % of the feed material should be present. 

23,23 % of the input material should be in fraction 63, 32,8 % in fraction 100, 12,18 % in 

fraction 200, and 0,55 % in fraction 315. 

Table 1. Particle size distribution of Avicel PH102 

 
 

The efficiency calculation will be explained with a concrete example. The results of the sieve 

analysis are shown in Table 2. The sieving parameters were as follows: amplitude – 100 %, 

sieving duration – 1 min. 
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Table 2. Sieve analysis data of the selected test 

 

It can be seen that the input mass of the raw material and the sum of the masses of the 

individual fractions are not the same. This represents sieving loss, which results mainly from 

sieve blinding and the attachment of fine particles to the sieve surface. These losses were within 

5 %, which corresponds to the loss values reported in [1]. 

Different types of Avicel have been investigated in articles [28, 29, 32, 34]. The results show 

that the particle density is not a function of the particle size. In such cases, according to [33], 

the volume distribution of the particulate material is the same as the mass distribution. Table 2 

shows that in this test the mass of the raw material was 25,57 g. Using Table 1, the masses of 

the individual fractions can be calculated as they would ideally be. These data are shown in 

Table 3. 

Table 3. Masses of the fractions in the case of selected test – ideal case 

 

After the sieve analysis was performed, the fractions on the sieves were analysed. In the case 

of the selected test, only 4 fractions were analysed because the mass of the fraction on the sieve 

with 315 µm aperture size (0,03 g) was insufficient for laser analysis. For all fractions, the result 

was a particle size distribution curve, just as for the raw material. Since the particle size 

distribution curves were available from laser analysis and the masses of the individual fractions 

were available from the sieve analysis, the absolute mass distribution of the particles in each 

fraction could be calculated by combining these two measurements. The results are shown in 

Table 4. 
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Table 4. Absolute mass of particles in each fraction 

 

Based on Table 2, fraction 0 weighed 7,55 g. After laser analysis, it was calculated that this 

fraction contained 5,94 g of particles with sizes from 0 µm to 63 µm, 1,44 g of particles with 

sizes from 63 µm to 100 µm, and 0,18 g of particles with sizes from 100 µm to 200 µm. The 

highlighted cells represent the material that should be present in the given fraction. Ideally, 

fraction 0 contains only particles up to 63 µm in size; fraction 63 contains only particles from 

63 µm to 100 µm in size; etc. i.e. the material is distributed along this diagonal, only in the 

highlighted cells. There followed a comparison of the ideal – real states. In fraction 0, there 

were 5,94 g of particles that were up to 63 µm in size. However, there were 7,98 g in the raw 

material, so the recovery (yield) is their ratio, that is 0,744. This means that 74,4 % of the 

particles with sizes from 0 to 63 µm at the end of the measurement were in the fraction where 

these particles should ideally be, in the pan, below the sieve with 63 µm openings. This number 

was taken as efficiency. The same methodology was used for the other fractions too. The results 

of these calculations are shown in Table 5. 

Table 5. Recoveries of fractions 

 
 

Ideally, value 1 would be along the diagonal, i.e. in the highlighted cells; everywhere else, 

0. After summing up the individual recoveries in a vertical direction, it can be seen that they 

are close to 1 (100 %); everywhere the values are above 0,9. This means that for example the 

efficiency in the case of fraction 63 is not so low due to various “losses” (0,48 = 48 %), but 

because a certain amount of material (0,242 = 24,2 % and 0,257 = 25,7 %) has passed through 

the sieve with an aperture size of 63 µm and has not passed through the sieve with an aperture 

size of 100 µm, respectively. The measurement in this section is characterised by five recoveries 

/ efficiencies, i.e. one for each fraction. In the case of selected test only by four, because the 

amount of fraction 315 was insufficient for the analysis. The aim was to characterize each 

measurement with one number, and this was done through a weighted average. This procedure 

was repeated for each measurement, and in this way, at the end, 48 efficiencies were available 

to characterize the 48 tests. These results are shown in Figures 2 to 4, each time for one constant 

parameter. 
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4.4 Results 

The graphs in Figures 2 to 4 show the dependence of the sieving efficiency on the magnitude 

of the amplitudes, on the duration of the sieving, and on the mass of the raw material. Each 

point on these graphs represents a single measurement at different parameters. 

 

     

 
Fig. 2. Efficiency values at equal masses: A1 – 25 g; A2 – 50 g; A3 – 75 g 

The results in Fig. 2 confirm the assumption that as the amplitude increases and the sieving 

duration increases, the efficiency of the process also increases. It can be seen that the curves 

that show the results at constant times grow linearly. A break occurs only when the next linear 

value should already be above 60 %. The maximum achievable efficiency in these experiments 

was slightly greater than 60 %. In industrial processes it is good and advantageous to know the 

parameters at which maximum efficiency has been reached, so that further increasing of the 

amplitude or the sieving duration will not increase the efficiency. At excessive sieving durations 

and amplitudes, there will be a higher number of particle collisions, with greater impact, leading 

to mass losses at particle level.  

Fig. 3 shows the same measurement results as in the previous figure (Fig. 2), only they are 

constructed differently. It can be seen that the efficiency threshold, ca. 60 %, was reached at 

100 % amplitude (3 mm) even with 1 min sieving duration. At lower amplitudes, the process 

efficiency was already influenced by the process durations. Furthermore, the amount of raw 

material also had a small influence on the results. This fact is particularly noticeable at lower 

amplitudes, since these curves show decreasing trends with increasing input material mass. 
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Fig. 3. Efficiency values at equal sieving durations:  

B1 – 1 min; B2 – 3 min; B3 – 6 min; B4 – 9 min (curve parameters: amplitudes) 
 

 
 

 
Fig. 4. Efficiency values at equal amplitudes C1 – 40 %; C2 – 60 %; C3 – 80 %; C4 – 100 % 

Vibration amplitude has the most significant influence on sieving efficiency; sieving 

duration is only secondary. This can be seen in Fig. 4, especially at smaller amplitudes (C1 – 

C2). Gradually increasing the sieving duration does increase the efficiency, but this change in 

efficiency is not proportional to the time changes. Fig. 5 shows this dependency with 60 % 
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amplitude measurements. The efficiency growth is always positive with increases in the 

duration of the sieving, but the slope of the lines joining the two efficiencies is shallower with 

increasing time. This is also in agreement with the paper [1], where it is written that particle 

penetration is more significant at the beginning of the process, and that tendency decreases over 

time. 

 

 
Fig. 5. Efficiency dependence on sieving duration with variable raw material masses 

(amplitude – 60 %) 

Conclusions 

During the measurements, 3 parameters were varied: the mass of the input material, the 

amplitude of the vibrations, and the duration of the tests. Amplitude has the greatest impact on 

efficiency, followed by the duration of the process, while the mass of the raw material has the 

least effect. With regard to mass, it should be noted that a good range has been chosen. This 

means that for small input material volumes, the blinding of the apertures does not play such a 

large role. In cases of larger volumes or continuous process, blinding can already significantly 

reduce the effective sieve area. 

Characterising a three-dimensional particle with one dimension can only be done with 

sufficient accuracy for spherical particles. In any other case, it is more or less an idealization. 

This was the case in this study, because Avicel particles differ from this ideal state (see Fig. 

1b)) and thus some fiction is involved in the measurements. The particles were characterized 

by using laser analysis, which works with volume equivalent diameter. This implies that when 

the characteristic dimension of a particle is 58,9 µm it does not necessarily follow that it will 

pass through a sieve with a 63 µm aperture, and on the other hand, a 66,9 µm diameter does not 

necessarily mean that it will not pass through a sieve with a 63 µm aperture size. Furthermore, 

for such small particles, the electrostatic and Van der Waals forces acting between the particles 

also play an important role. These forces may be so strong that they do not break down due to 

vibrations, and therefore a particle that should fall through will not fall through the aperture. 
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LIST OF SYMBOLS 

𝑟𝐴 recovery of coarse product (1) 

𝑟𝐵 recovery of fine product (1) 

𝐴 mass of the oversized product (kg) 

𝐵 mass of the undersized product (kg) 

𝐷𝑎 aperture size – cut size  (mm) 

𝐹 mass of the raw material (kg) 

𝑅𝐴 cumulative oversize fraction of the oversized product – at 𝐷𝑎 (1) 

𝑅𝐵 cumulative oversize fraction of the undersized product – at 𝐷𝑎 (1) 

𝑅𝐹 cumulative oversize fraction of the raw material – at 𝐷𝑎 (1) 

η total classification efficiency (%) 
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