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Abstract. The particle size distribution of dust in the air of the work area 

has been determined for some cement plant shops. An experimental study 

has been conducted to explore the effects of microclimate parameters on 

the dust particle size distribution on the shop floor in the cement milling 

shop and cement packing shop, and regression equations have been 

obtained. A mathematical model has been developed to forecast the 

dust particle size distribution in the air of work areas of cement plants. 

1. Introduction 

The main sources of dust emission in the process shops of cement production facilities are 

mills, kilns, belt, scraper or tray conveyors transporting dusty materials, as well as cement 

screening and packing machines. The dust levels in various work areas of cement plants 

may be tenfold the rated parameters or even greater [1]. 

Inhalation of dust over extended periods of time may cause occupational diseases, 

among them: dust fibrosis (pneumoconiosis), dust bronchitis, conjunctivitis, various skin 

diseases, which is why it is critical to devise appropriate measures to reduce the dust 

content on the shop floor [2]. 

The leading causes of shop air contamination with dust are: insufficient equipment 

containment, incorrect sizing and design of local exhausts, low efficiency of dust aspiration 

systems, open transportation of dusty materials. The dust situation in the work area is 

largely determined by the microclimate parameters; however, there has been a lack of 

attention to the effects of temperature, humidity and mobility of the air in work area on the 

content of particulate matter in the cement production process [3]. 

2. Objective and tasks of research 

To determine the particle size distribution of cement dust emitted by the Sebryakovcement 

plant in Mikhailovka, Volgograd Region, an experimental study was conducted focused on 

the distribution of dust particles in the air of the cement milling shops, near the mill feeder, 

in the rotary kiln operator's work area, and in the cement packing shop in the packing 

machine operator's work area. The results of the analysis of dust particle size distribution 

                                                 
 Corresponding author: karapuzova_ny@mail.ru 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 138, 01027 (2019) 
CATPID-2019

https://doi.org/10.1051/e3sconf/201913801027



 

 

are provided as integral functions of particle mass distribution according to particle 

diameters. 

The particle size range of cement dust sampled next to the mill feeder in the cement 

milling shop is (0.1-7) µm, d50=4.3 µm. The content of РМ2.5 particles is 10%. The particle 

size of cement dust sampled near the mill in the cement milling shop fall within a range of 

0-18 µm, d50=10 µm. The share of РМ10 particles accounts for 51%, the share of РМ2.5 

particles – for 3.5%. 

The analysis of the data obtained showed that the particle size range of dust emitted into 

the air surrounding the kiln at the calcination stage is (0.1-7) µm, the median size is d50=4.5 

µm. The share of РМ2.5 particles accounts for 15% (fig.1). 

The analysis of particle size distribution of cement dust sampled in the packing worker's 

breathing area in the cement packing shop showed that the size of dust particles varies 

within a range of 1-12 µm, d50=5.5 µm. The share of РМ10 particles accounts for 99%, the 

share of РМ2.5 particles – for 7.5%. 

 

Fig. 1. Integral curve of mass-size distribution in the probabilistic logarithmic net for dust sampled 

near the kiln at the calcination stage: РМ10 – 0%, РМ2.5 – 15% 

The development of the dust situation in the work area as well as the dust load on the 

respiratory organs of the workers are greatly influenced by the microclimate parameters. 

In order to study the effects of the microclimate parameters on the dust particle size 

distribution in the air of the work area, an experiment was conducted according to plan В3 

covering the cement milling shop and the cement packing shop [4]. The response surface 

functions were as follows: Y1 – content of 10µm particles D(РМ10), Y2 – content of 2.5µm 

particles D(РМ2,5), У3 –  content of median-size particles D(50). The variable factors were 

assumed to be: Х1 – air humidity (φ), Х2 – air temperature (t), Х3 –air mobility in the work 

area (V). 

Adequate regression equations were obtained, which, given only the relevant regression 

coefficients in the denominated quantities, are expressed as shown below: 
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The relevance of the equation coefficients was verified using Student's t-test, and the 

adequacy was verified using Fisher's criterion [4]. 

   for the cement milling shop: 
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for the cement packing shop: 
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A mathematical model was developed to forecast the dust particle size distribution in 

the air of work areas at cement plants. 

The particle size distribution of dust contained in the air of the work area can be 

expressed as the system D(t) which at the time t turns into any of the n possible states d1, d2, 

… dn. Then, a random process proceeding in this system can be considered a Markovian 

process, i.e. for any point of time to the probability of each of the states in the future (t>t0) 

depends solely on its state in the present and does not depend on its behavior in the past 

(t<t0).  

The classification [5] enables us to identify the five groups of dust: 1 - very coarse-

dispersed, 2 - coarse-dispersed, 3 - medium-dispersed, 4 - fine-dispersed, 5 - very fine-

dispersed dust. 

The system D(t) can be expressed as a directed graph with its apices corresponding to the 

particle sizes which characterize the above groups of dust (fig.2). 
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Fig. 2. Graph of dust particle size distribution in the work area 

Once we denote the probability of the i-th state at the time t (the probability of an event 

described as the system D(t) being in the state di) pi(t)=P idD(t)  at the time t, the sum 

of state probabilities for a system with discrete states at any point of time t is equal to 1, i.e.  
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Because at any given time t the events  1dD(t) ,  2dD(t) , 

 3dD(t) , 4dD(t)  form a complete group of incompatible events. Assuming that 

the transition from one state to another state is driven by the Poisson streams of events [6,7], 

the probability of transition of the system D(t) from the state di=D(t) to the state dj 

=D(t+∆t ) over an elementary time interval ∆t is determined according to the formula: 

Рij(t)   ij ∆t,                                                         (7) 

where  ij – intensity of the Poisson stream of events making the system pass from the state 

di to the state dj 

 Accordingly, the graph can be described by a system of five ordinary Kolmogorov's 

differential equations: 
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This system is solved given the initial conditions 

р1(0)=р1
0, р2(0)=р2

0, р3(0)=р3
0 ,р4(0)=р4

0, р5(0)=р5
0.                      (9) 

The estimation of intensities  ij is based on the aggregate information presented in form 

of relative state frequencies of the system D(t) at each given time t. As such, random data 

used for obtaining the particle size distribution must satisfy the stochastic equation 

yj (t+∆t) = 


tuty jij

i

i ()(
5

1

 ∆t),                                   (10) 

where yi(t) – vector of the observed frequencies of occurrence of the state di (at the time t); 

yj(t+∆t) – vector of the observed frequencies of occurrence of the state dj (at the time t+∆t), 

and uj(t+∆t) – vector of casual errors [7]. 

The intensities  ij are estimated using the method of least squares, subject to certain 

restrictions, as regular least square estimates may not satisfy the conditions [6]: 
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In this case, the minimum of a quadratic form is to be determined as follows: 
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where Т – length of the sample. 

The root-mean-square error of approximating intensities is determined according to the 

formula 
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where u j (t) – components of the vector of casual errors. 

To estimate the intensities of transition probability, we will use the methodology 

[7]. For this, let us consider the example of the cement milling shop. The equipment 

layout diagram indicating the points of measurements is given in fig. 3. The 

measurements were taken according to the methodology [8]. 
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Fig. 3. Layout of measurement points in the work area of the milling shop 

Samples were taken at 14 points (fig. 4) once per shift during one month. A total 

of 30 measurement series were obtained. The number of measurements was assumed 

so as to provide a homogeneous sample. During the measuring process, the 

microclimate parameters conformed to the rated levels. 
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By way of an experimental study, samples were obtained simulating the variation 

of the shift-averaged median diameter dm. Overall, 30 implementations of a random 

variation process for the parameter dm were built, one of which is shown in fig.4. 

                             d50 

 
                                                                                                  t, hrs 

Fig. 4. Model of implementing a random variation process for the parameter dm  

As a result, a matrix of intensities was obtained for transition probabilities. 

0122,0714,000

122,0405,0334,0019,0013,0

163,0415,0274,000

00,1000

00288,0134,0327,0

ij                         (16) 

By placing the value of the matrix elements (16) in the equation (8) we obtained a system 

of ordinary differential equations to be solved with the 4th order Runge-Kutta method given 

the initial conditions (9). The probability of work area contamination with dust having the 

corresponding particle side distribution is equal to: р1=0.018, р2 =0.024, р3=0.438, р4 =0.405, 

р5=0.115. 

The root-mean-square error of approximating the intensities λij is as follows: ε1= 0.02, 

ε2=0.03, ε3=0.25, ε4=0.2, ε5=0.11. 

The most probable system state is the presence of medium-dispersed and fine-dispersed 

dust, while the probability of very fine-dispersed, coarse- and very coarse-dispersed dust 

states is low. 

3. Conclusion 

1. The particle size distribution of dust in the air of the work area has been determined for 

the cement milling shops, mill feeder, rotary kiln operator's work area and the cement 

packing shop in the packing machine operator's work area. 

2. An experimental study has been conducted to explore the effects of microclimate 

parameters (humidity, temperature, mobility of the air in work area) on the dust particle 

size distribution of in cement milling shop and cement packing shop. Regression 

equations have been obtained, which help link and explore the influence of variable 
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factors on the optimization parameters (the content of 10µm D(РМ10) particles, 2.5µm 

particles D(РМ2.5), and median-size particles D(50) in the air of the work area). 

3. A mathematical model has been developed to forecast the dust particle size distribution 

in the air of the work area at cement plants. A conclusion has been made that the most 

probable option is the presence of medium-dispersed and fine-dispersed dust in the air 

of the work area, while the probability of very fine-dispersed, coarse- and very coarse-

dispersed dust states is low. 
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