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DETERMINATION OF BULK DENSITY OF MIXTURES OF FRACTIONS 

OF CRUSHED POLYMERIC MATERIALS 

 

Misiats O.2, Misiats V.1, Rubanka M.1, Polishchuk A.2, Skyba M.2 

1 Kyiv National University of Technology and Design, Ukraine 

2 Khmelnytsky National University, Ukraine 

DOI: 10.31891/monograph/2021-10-57 

 

1. Introduction 

The purpose of the experimental study is to obtain the dependences of bulk 

density on the fractional composition of the crushed material. 

Bulk density or bulk density of bulk material н  is called the mass of 

material that is per unit volume occupied by it. The value of н  is used in 

determining the required volume of hoppers, crushers, mixers in the calculation of 

energy consumption for the processing of bulk material [1, 2]. The bulk density of 

bulk material depends on the size of its constituent particles, their average density, 

humidity, the density of the particles in the layer [3, 4]. It does not remain constant 

even at rest of loose material. Under the influence of vibrations of walls of a vessel 

loose material in due course is condensed and its bulk density reaches some 

limiting value max . In the process of movement, movement, mixing, on the 

contrary, there is a loosening of the material. The bulk density decreases, 

approaching the limit value min . The minmax /   ratio for some materials 

reaches values of 1,52 [1]. 

2. Research results 

According to the particle size distribution of bulk material, the quantitative 

distribution of its constituent particles by linear dimensions is estimated. Most bulk 

materials have irregularly shaped particles, for which the conditional diameter di, 

calculated by three measurements of the particle (length, height and width of the 

particle) as the arithmetic mean or geometric mean. 

Bulk material only in some cases consists of particles of the same size. More 

often in it the value of di changes discrete from some minimum size dmin to the 

maximum dmax. The dmin/dmax atio in some bulk materials can be very large. The 

particle size distribution of polydisperse materials can be characterized by a series 
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of distribution of the discrete random variable di in which the measured values of 

this random variable are listed: in which the measured values of this random 

variable are listed: d1; d2; dn with the corresponding probability р1, р2 ..., рn or 

frequencies n1, n2,... nn. Determining the whole series of discrete random values of 

di for polydisperse materials with a large ratio dmin/dmax is difficult, so this series is 

replaced by a discrete series of classes (fractions) of values of di. To determine the 

particle size distribution of bulk materials used methods of direct measurement and 

sieve analysis [5]. 

Materials and equipment used in the study: 

- measuring cup with a volume of 1000 cm3; 

- laboratory scales with a weighing limit of 500 g and a weighing error of 

not more than 0.5 g; 

- laboratory vibrator 028-M with a set of sieves. 

In the sieve analysis, the powder residue on the sieves after sieving was 

quantified, followed by the calculation of its content as a percentage of the total 

weight of the sample taken for sieving. 

A set of sieves with different hole sizes with shells with a diameter of 200 

mm and a board height of 50 mm was used for sieve analysis. The value of the size 

class of the material fraction was determined by the size of the holes of adjacent 

sieves. For example, if the lower sieve has an opening equal to 0.5 and the upper 

0.7 mm, then between these sieves after sieving will remain a fraction of bulk 

material of class (0.5 ... 0.7) mm. 

The research was conducted in the following order. 

Waste materials were ground on a rotary crusher using grids with different 

hole diameters. Using a set of sieves, the crushed materials were divided into 

fractions by particle size (Fig. 1). 

A mixture of different fractions in a certain ratio was prepared. Using a 

measuring cup and a weight, the bulk density of each fraction of powder and 

mixture was determined. 

Waste of polymeric materials of shoe production was used as the 

investigated material. 

The study used the method of simplex-lattice planning of the experiment [6]. 

Mixtures of crushed rubber were formed by three sieved fractions (Table 1), 

the mass fraction of which varied at four levels: 0; 0.33; 0.66, 1. 
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A                                           B                                        C 

Fig. 1. Fractions of crushed rubber: A - 10 mm; B - 5 mm; C - 2 mm 

 

The bulk density of the investigated bulk material was calculated by the 

formula: 

ст

H
O

GG 
 1 ,     (1) 

where 1G  and G  – respectively, the weight of the glass with the material and 

without it; стO  is the volume of the glass. 

The experiments were performed in triplicate. The results of the experiment to 

determine the bulk density of the crushed polymer waste are presented in tables 2. 

 

Table 1. Particle size distribution of the fractions of the studied materials 

Rubber particle size, mm 10 5 2 

Denotation of quantity content Х1 Х2 Х3 

 

As a result of processing the experimental data, it was found that the bulk 

density of mixtures of fractions of crushed materials with sizes from 10 to 2 mm 

varies within 15% (Fig. 2), so the obtained experimental data were approximated 

depending on the average particle size in the material mixture. by the formula: 
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332211 XdXdXdd  ,    (2) 

where 1d , 2d , 3d  - particle size in the fractions of the mixture, 1X , 2X , 3X  

quantity content of fractions in the mixture. 

 

Table 2 The results of the experiment 

№ Х1 Х2 Х3 Y1 Y2 Y3 Ymid 

1 1 0 0 471 470 471 470,7 

2 0 1 0 497 497 495 496,3 

3 0 0 1 408 409 408 408,3 

4 0.33 0.33 0.33 468 473 473 471,3 

5 0.33 0.66 0 456 463 462 460,3 

6 0 0.33 0.66 435 433 431 433 

7 0.66 0.33 0 471 469 470 470 

8 0.33 0 0.66 458 459 454 457 

9 0.66 0 0.33 504 493 496 497,7 

10 0 0.66 0.33 462 462 462 462 
 

 

Fig. 2. The results of data processing of experimental research of forced rubbers from the 

average particle size of compatible fractions 
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3. Conclusion  

The obtained functions for calculating the bulk density of polymeric 

materials depending on the average particle size are presented in table. 3. 

 

Table 3 Functions for calculating bulk density depending on the average particle 

size of polymeric materials 

Material Density, kg /m3  bulk density of the mixture of fractions 

10…2 mm, kg/m3 

PVC plastic 1250 )834,0exp(423519 dн   

Rubber 1100 )722,0exp(309478 dн   

Polyethylene  950 )672,0exp(257398 dн   
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