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The Maxwell–Boltzmann distribution in its classic form concerns the distribution of perfect gas particles
into energy levels. In the paper, it was used to describe the energy distribution of ground grains of
the brittle substance as a function of grain size, which allowed describing the particle size distribution
of the process product. The particle size distribution of the product was identified with the effect
of the grinding process, which is an extremely important parameter for the description of the entire
process. The results of calculations were presented and compared with the results of experimental
analyses. The experiment was carried out at different values of thermodynamic parameters of working
air, which corresponded to different values of grinding energy. Comparison of the results showed that
the thesis of applying the laws of statistical physics to the description of complex industrial processes
gives positive results. Numerical determination of the particle size distribution of the grinding product
is an extremely desirable result of research, because it allows to avoid the tedious and time-consuming
experimental determinations necessary to assess the grinding product.
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1. Introduction

Granular substances are used in many indus-
tries [1–3]. In general, the proper quality of these
substances is determined by their prior grinding.
The universal description of the grinding is ex-
tremely complex. Its effect depends on a large num-
ber of factors which are related to the properties of
the substance, the type of mill, as well as the condi-
tions of conducting the grinding. In general, these
factors are characterized by randomness of occur-
rence, which further complicates the description. In
these cases, statistical laws on the most likely dis-
tribution of physical quantities are often used.

Basically, the grinding description concerns ei-
ther the energy necessary to carry it out, or the
particle size distribution of the product. In the pa-
per the possibility of using the physical statistics
laws to predict the particle size distribution of a
grinding product is analyzed. For this purpose, the
Maxwell–Boltzmann distribution was used. In ear-
lier works [4–7] it was proposed to use this law to
describe the energy distribution of ground solids as
a function of grain size of the product. On this ba-
sis, the particle size distribution of the silica, caus-
tic and coking coal grinding product was modelled.
In the presented work, the Maxwell–Boltzmann law
was used to model the grain distribution of the jet
milling product of the technical chalk.

2. Modelling of particle size distribution
using the Maxwell–Boltzmann

distribution law

The Maxwell–Boltzmann law in its classic form
concerns the distribution of ideal gas molecules into
various energy levels [8]:

ni = n exp
(εi − ε0
kBT

)
, (1)

where ni is number of molecules of the i-th energy
state, n — number of molecules of ground state,
εi — energy of the i-th state, ε0 — energy of the
ground state, kB — Boltzmann constant, T — ab-
solute temperature.

In Refs. [4–7] it has been shown that this law can
also be used to describe the average energy distri-
bution of molecules of grains of a ground solid.

Using the Maxwell–Boltzmann law to determine
the grain distribution of a grinding product, it can
be written

Ri =
mi

m
=
ρi
ρ

ni
n
, (2)

where Ri is cumulative grain distribution, ρi —
grain density of the i-th state, ρ — grain density
of the basic state. Assuming that the density of
the grains does not depend on the state, namely,
ρi = ρ, the above equation takes the form:

Ri =
ni
n

= exp

(
−(εi − εo)

1

kBT

)
, (3)

156

http://doi.org/10.12693/APhysPolA.138.156
mailto:urbaniak@imc.pcz.pl


The 100 years anniversary of the Polish Physical Society — the APPA Originators

3. Methodology and experimental research

To determine the particle size distribution of the
jet milling product, the energy of the grains of the
i-th state and the basic state should be determined.
Experimental studies, whose purpose was to ver-
ify the correctness of the results of numerical mod-
elling, were carried out using a type 300 jet mill.
Its maximum capacity is 300 kg/h. The main part
of the mill is the grinding system, which consists of
two opposing jets that are fed with compressed air
(Fig. 1).

In the case of a jet mill, the energy of the ground
grains is kinetic energy dependent on [9]:

Ėks = f(Ėkp, ṁs, ṁp), (4)
where Ėks — kinetic energy stream of the ground
solid, Ėkp — kinetic energy stream of air, ṁs —
stream of ground solid, ṁp — air flow.

This energy is a consequence of the energy ex-
change between the working air and the ground
grains that occurs in the accelerator tube. Knowing
the value of air energy, mass stream of solids and
air flow, the value of kinetic energy of grains can be
determined. Air energy depends on [9, 10]:

Ėkp = f (p0, T0) , (5)
where p0 is air pressure, T0 — air temperature.

The energy of the i-th state and basic state can
be determined from the thermodynamic theory of
grinding [9]:

εi = f

(
α,

1

ρ
,
1

Xi

)
, (6)

ε0 = f

(
α,

1

ρ
,

1

Xmax

)
, (7)

where α is energy density of surface molecules, Xi

— grain size of the i-th state of the grinding prod-
uct, Xmax — size of the largest grain of the grinding
product (basic state).

Fig. 1. Schematic of jet mill: 1 — milling cham-
ber, 2 — accelerating tube, 3 — nozzles: ṁs —
stream of ground solid, ṁp — air flow.

TABLE I

Some physicochemical properties of technical chalk.

Type
of material

Density
ρ [g/cm3]

Mass and matter
equivalent
M [kg/kmol]

Chemical
composition

technical
chalk

2.93 100
97%

CaCO3

The value of energy density of surface molecules
α, according to the thermodynamic theory of grind-
ing [7, 9], is a function of

α = f
(
Ėks, ṁs

)
. (8)

Finally, the formula for the cumulative grain distri-
bution will take the form [5, 6]:

Ri = exp

(
− 6Mα

(MR)ρT

(
1

Xi
− 1

Xmax

))
, (9)

where M — mass equivalent of the ground sub-
stance, (MR) — universal gas constant.

Technical chalk was used for experimental re-
search. During the tests, different values of ther-
modynamic parameters (pressure and temperature)
of the working air were used, which corresponded
to different values of grinding energy. Samples of
the tested material were subjected to grain analy-
ses. Particle size distribution was determined using
a Bahco pneumatic centrifuge [11].

The technical chalk properties are presented
in Table I.

4. Research results and their analysis

Based on the presented algorithm, numerical de-
terminations of the cumulative grain distribution of
ground technical chalk were carried out. The results
of numerical and laboratory determinations are pre-
sented in Figs. 2–7.

The results listed above illustrate the occurrence
of significant convergence in the values of cumula-
tive distributions of grains obtained in the labora-
tory and calculated according to the proposed nu-
merical algorithm. This proves that it is possible to
numerically predict the granular distribution of the
product of jet grinding of brittle substances.

Fig. 2. Cumulative particle size distribution of
grinding product technical chalk (p = 0.3 MPa,
t = 13 ◦C).

Fig. 3. As in Fig. 2, but for p = 0.4 MPa.
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Fig. 4. As in Fig. 2, but for p = 0.5 MPa.

Fig. 5. Cumulative particle size distribution of
grinding product technical chalk (p = 0.3 MPa,
t = 150 ◦C).

Fig. 6. As in Fig. 5, but for p = 0.4 MPa.

Fig. 7. As in Fig. 5, but for p = 0.5 MPa.

5. Conclusions

Based on the results of experimental tests and
numerical determinations, it can be stated:

1. The cumulative grain distribution of the tech-
nical chalk jet grinding product can be de-
termined numerically, knowing the values of
the relevant physical quantities characterizing
this type of grinding.

2. The presented model allows achieving results
in accordance with laboratory determinations,
regardless of the value of the parameters of the
grinding process.

3. Numerical determinations of the granular dis-
tribution of the grinding product allow to
eliminate time-consuming and costly labora-
tory granular analyzes.
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