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Аннотация. Повышение структурных свойств окускованного металлургического сырья за счет формирования благоприятной поровой струк-

туры у железорудных окатышей является актуальной задачей. Методы формирования структурных свойств у сформованных дисперсных 
материалов проанализированы применительно к различным отраслям промышленности. В работе представлены технологические 
возможности перспективных технологий производства железорудных окатышей на основе теплосилового напыления влажной шихты 
на шихтовый гарнисаж окомкователя и комкуемые материалы. Теплосиловое напыление влажной шихты в технике принудительного 
зародышеобразования позволяет формировать структурные свойства железорудных окатышей на стадии окомкования. Конструктивные 
особенности устройств для получения окатышей зависят от применяемых производственных технологий напыления влажной шихты 
на ограждения окомкователя. Методики экспериментов зависят от техники принудительного зародышеобразования. Технологии прину-
дительного зародышеобразования влияют на макро- и микроструктуры зародышевой массы. Принципы регламентированного структу-
рообразования позволяют формировать улучшенные металлургические свойства окатышей. На поверхности напыленного слоя шихты 

  pawlowets.victor@yandex.ru
Abstract. The substantiated problem of improving the structural properties of agglomerated metallurgical raw materials is associated with the formation 

of a favorable pore structure in iron ore pellets. The author analyzed various methods for the formation of structural properties of molded dispersed 
materials in various industries. The paper presents the technological capabilities of promising technologies for production of iron ore pellets based 
on the heat-power spraying of wet charge on pelletizer’s charge skull and pelletized materials. The physical possibilities of heat-power spraying of wet 
charge in the forced nucleation and in the process of forming the iron ore pellets’ structural properties are disclosed at the stage of pelletizing. The tech-
nical features and production operations of the main technologies for wet charge spraying and the design features of devices for obtaining pellets are 
shown. The paper describes the experimental unit and technology for the forced nucleation. The macro- and microstructure of the germ mass at forced 
nucleation were studied. Principles of the formation of regulated structure and improved metallurgical properties in iron ore pellets were substantiated. 
The article presents the description and characteristics of structural changes on the surface of the sprayed charge layer. A hypo thesis was put forward 
about the structural correspondence of geometric dimensions and relief of charge lappings and cavities in the sprayed layer with the nature of porosity 
and germ structure. The germ mass affects the pellets’ structural properties. The author obtained the dependences of structural changes’ relative values 
on the sprayed layer surface on pressure of air-charge jet and particle size of the sprayed charge. There is relationship between geometric dimensions 
of the sprayed charge layer and the structural changes’ size. A probable mechanism of porosity formation in the germ mass during heat-power spraying 
of a wet charge onto the pelletizer skull was formulated. The aerodynamic characteristics of air-charge jet influence the formation of porosity. New 
possibilities of heat-power spraying of wet charge can intensify pellets production and improve their quality. 
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 Introduction

Various techniques, including intensive modes of heat 
treatment, foaming, combustible additives, special pore-
forming and ore-forming compositions, and other mate-
rials, are used to determine special structural properties 
of the majority of molded porous products across various 
branches of engineering, such as metallurgy, the manu-
facture of refractory products, construction operations, 
etc. [1 – 3]. The increased requirements to pelletized met-
allurgical raw materials in terms of iron content conside-
rably limit the application of pore-forming additives and 
expand the use of methods for forming pores in the struc-
ture of iron ore pellets [4 – 7]. One way to improve 
the structural properties of pellets without using pore-
forming additives is to apply a two-step technology. One 
of its steps enables the formation of most of the pellet 
mass by heat-power spraying of wet charge at the pel-
letizing stage [8; 9]. As a structure- and form-forming 
energy carrier, this technology uses an air charge jet (ACJ) 

based on cold or heated up to 100 – 150 °C compressed 
air, which enables the formation of a wet charge sprayed 
layer (SL) on almost any technological surface [8; 9]. 
The raw pellets production based on the spraying tech-
nique also includes the operations of charge pelletizing 
and after-pelletizing of germs. Numerous experimentally 
proven combined technologies have been successfully 
explored in laboratories and have shown high practical 
efficiency [8; 9]. Some technical indicators of the men-
tioned technologies, in comparison with the traditional 
method, are given in the Table below [8 – 10].

Flow schemes for pellets production based on 
heat-power spraying of wet charge onto the charge 
skull of the plate pelletizer are illustrated in Fig. 1, а. 
The sp raying schemes for pelletized materials are 
depicted in Fig. 1, b, c. The process of pellet production 
employing the forced nucleation technology (NSA) has 
been most thoroughly investigated under laboratory con-
ditions. This technique involves forming the germinal 

Technical indicators of pelletizing technologies

Технические показатели технологий получения окатышей

Technical indicators
Pelletizing technologies

NP NSA NPSA NPS
Spraying area, % of the plate area – 30 – 40 20 – 30 15 – 25
Area occupied by pelletized materials, % 40 – 50 70 – 90 50 – 55 40 – 50
Relative productivity, % 100 115 – 130 105 – 115 110 – 120
Weight percentage of sprayed material in the pellet 
structure, % – up to 70 up to 40 up to 50

Spraying efficiency, % – up to 90 up to 70 up to 60
Pellet weight growth rate, g/s 0.01 – 0.03 0.08 – 0.24 0.05 – 0.14 0.08 – 0.31
Dehumidification of pellets after pelletizing, % – 0.4 – 1.2 0.4 – 1.0 0.5 – 0.9
Moisture removal intensity in the process of nuclea-
tion, kg/(m2·s) – (4 – 8)·10–3 (5 – 10)·10–3 (5 – 10)·10–3

Crack formation temperature, °C 550 – 580 600 – 740 580 – 650 580 – 620
Total porosity of pellets, % 23 – 28 28 – 35 26 – 32 28 – 34
Number of open pores, % 20 – 25 25 – 30 22 – 26 24 – 28
Relative strength of pellets, % 100 90 – 110 90 – 100 85 – 95

образуются структурные изменения в форме углублений и шихтовых наплывов. Высказана гипотеза о структурном соответствии геоме-
трических размеров, рельефа шихтовых наплывов и углублений у напыленного слоя с характером пористости и структуры зародышей. 
Количество зародышевой массы внутри окатышей влияет на их структурные свойства. Относительная величина структурных изменений 
на поверхности напыленного слоя шихты и их количество определяются давлением воздушношихтовой струи и размером напыляемых 
частиц. Вероятный механизм формирования пористости зародышевой массы в процессе теплосилового напыления влажной шихты на 
гарнисаж окомкователя зависит от параметров технологии. Обоснован сдвиговый механизм образования открытой пористости в струк-
туре зародышевой массы. Аэродинамические характеристики воздушношихтовой струи влияют на формирование пористости. Новые 
технологии теплосилового напыления влажной шихты позволяют интенсифицировать производство и улучшать качество окатышей. 

Ключевые слова: структурные свойства, окускованное металлургическое сырье, железорудные окатыши, теплосиловое напыление влажной 
шихты, зародышевая масса, технология принудительного зародышеобразования
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part of pellets and their pore structure through heat-power 
spraying of wet charge onto the bottom charge skull in 
the idle zone of the pelletizer (Fig. 1, а) [8; 9]. Using 
this technique, the SL and germs exhibit reduced mois-
ture content and a favorable pore structure, characterized 
by an increased number (up to 40 %) of open pores with 
low tortuosity [9]. The operations to produce suitable 
pellets include the mechanical division of SL into germs, 
spheroidization of germs, and their after-pelletizing 
in the rerolling mode. The NSA technology enables 
the achievement of superior performance characteristics 
and pellet properties (refer to the table). In the NPS and 
NPSF technologies, the germs are small pellets ranging in 
size from 4 to 12 mm. According to the NPSF technology, 
as the pellet mass forms, an internal charge sprayed layer 
is created on the surfaces of 4 – 7 mm germs, positioned 
between the germ and the shell. The mass of the sprayed 
layer can account for up to 40 % of the total (Fig. 1, b). 
During the NPS process, the pellet shell forms on the sur-
faces of larger pellets, 8 – 12 mm in size, that are grouped 
in the circulation zone of the pelletizer by spraying wet 
material onto the pelletized materials. Here, spraying 
serves as a finishing technique, after which the pellets 
achieve their standard size (14 – 16 mm) (Fig. 1, c). 
The strength of the surface shell can be increased by 
5 – 15 % compared to the traditional industrial NP tech-
nology, albeit at the expense of some structural characte-
ristics of the pellets. When employing these technologies, 
the germ mass is formed by pelletizing the wet charge in 
the rerolling mode, eliminating the need for mechanical 
follow-up elements. However, the efficiency of spraying, 
the weight percentage of the sprayed layer in the pel-
lets, and some process specifications slightly lag behind 
the NSA technique. The processes developed can be easi ly 
integrated into existing facilities with minimal adjust-

ments. Additionally, if needed, reverting to the conven-
tional technology (NP), which relies on wet charge drip 
nucleation followed by after-pelletizing in the rerolling 
mode, is straightforward. 

The spraying technique is extensively utilized across 
various manufacturing processes [11; 12], enabling 
the formation of structural properties in a broad array 
of sprayed materials [13 – 15]. Technologies based on 
spraying offer several technical benefits and are distin-
guished by numerous control actions, both in the manu-
facturing process itself and in terms of enhancing and 
broadening the consumer properties of the processed 
products. This is especially relevant to pellet production, 
where the technique of wet charge spraying using an air 
charge jet (ACJ) opens significant potential for influenc-
ing the structure of germs and pellets [8 – 10]. 

The aim of this paper is to explore the mechanism 
of structure formation in the germinal centers of pellets 
produced through the technology of heat-power spraying 
of wet charge onto the pelletizer’s bottom skull. 

 Materials and methods

The experiments were conducted on a laboratory semi-
industrial pelletizer with a diameter of 0.62 m, inclined 
at a 45° angle to the horizon, and rotating at a speed 
of 12 rpm. The sprayed charge, with a moisture content 
of 5.0; 7,5; 10.0 %, consisted of iron ore concentrate 
from the Teysk deposit and 1 % of bentonite as a binder. 
The wet charge was sprayed onto the charge skull using 
compressed air at a pressure of 0.2 MPa and a flow rate 
of 0.6 m3/min. After spraying, the geometric dimensions 
of the SL were measured. Samples taken from the SL 
using the cutting ring method (GOST 5180 – 84) were uti-
lized to evaluate compressive strength (GOST 17245 – 79 

Fig. 1. Schemes for obtaining pellets based on heat-power spraying of wet charge on the charge scull 
of a plate pelletizer (a) and pelletized materials (b, c):

1, 2 – independent flows of the loaded charge; 3 – sprayed layer (a), spraying area (b, c) 
in the layer of pelletized materials; 4 – germs; 5 – suitable pellets; 6 – divider of sprayed layer (SL) 

Рис. 1. Схемы получения окатышей на основе теплосилового напыления влажной шихты  
на шихтовый гарнисаж тарельчатого окомкователя (а) и комкуемые материалы (b, c): 

1, 2 – самостоятельные потоки загружаемой шихты; 3 – напыленный слой (а) и область напыления (b, c)  
в слое комкуемых материалов; 4 – зародыши; 5 – годные окатыши; 6 – делитель НС
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and 26447 – 85) and density. In each SL zone, defined 
by a re lative diameter δ equal to 0 ± 0.2, samples were 
collected with samplers (cutting ring) 10 mm in diame-
ter, amounting to 10 – 15 samples per zone. The proce-
dure is elaborated upon in references [8; 9]. The analysis 
of the germ structure formation mechanism during heat-
power spraying of charge focused on:

– the macrostructure of the SL surface formed after 
spraying;

– the surface microstructure of the SL samples on their 
horizontal plane parallel to the sprayed base and on their 
vertical plane perpendicular to the sprayed base (Fig. 2). 

Samples for microstructure analysis were fired in an 
electric furnace at 800 °С. 

Structural alterations on the surface of the sprayed 
charge layer included cavities and charge lappings, aris-
ing from the dynamic impact of the ACJ on the SL surface. 
This interaction results in the formation of a wave-like 
relief on the surface, characterized by alternating cavities 
and lappings (Fig. 2, a, b, c). These structural changes, 
with varying geometric dimensions, shapes, locations, 
and tortuosities, serve as external indicators of the pro-
cess, facilitating the analysis of pore formation within 
the germ [8]. Structural cavities in the SL are concentric 
channels with low tortuosity, arranged along a circular 
path between charge lappings around the axis of the cir-
cular SL, with the jet angle of attack (β) set to 90°. These 
channels often form a loop, with some being intermit-
tent. In macrostructure photographs, they appear as dark 

Fig. 2. Macrostructure and microstructure of SL surface after spraying on horizontal and vertical planes of the samples:
a, b, c – SL surface, ×10; d, e, f – thin section in the horizontal plane, ×100; g, h, i – thin section in the vertical plane, ×100; 
а, d, g – SL central zone δ = 0; β = 90°; b, e, h – intermediate zone δ = 0.5; β = 90°; c, f, i – peripheral zone δ = 0.7; β = 90°

Рис. 2. Макроструктура поверхности НС после напыления и микроструктуры поверхности образцов НС 
на горизонтальной и вертикальной плоскостях образцов: 

а, b, c – поверхность НС, ×10; d, e, f – поверхность шлифа в горизонтальной плоскости, ×100; 
g, h, i – поверхность шлифа в вертикальной плоскости, ×100; а, d, g – центральная зона НС, δ = 0, β = 90°; 

b, e, h – промежуточная зона, δ = 0,5, β = 90°; c, f, i – периферийная зона, δ = 0,7, β = 90°
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lines ranging from 0.1 to 2.5 mm in width. The charge 
lappings, in contrast, are wider, measuring 1 to 5 mm 
across. They feature a sloping surface on the side facing 
the ACJ attack and a steep slope on the opposite (shadow) 
side. These structural changes make it possible to estab-
lish a structural congruence between the SL surface relief 
and the pore structure of the germ mass [8]. Such surface 
formations of sprayed coatings have attracted the atten-
tion of both domestic [16; 17] and international resear-
chers [18 – 21]. 

For analyzing the SL macrostructure, two parameters 
were employed: the relative value of the structural cavi-
ties of the SL θhо and the relative number of structural 
cavities θN , amount/m2 (1/m2), on its surface. The relative 
width of the structural cavities can be determined using 
the expression 

where hо is the average width of structural cavities, 
mm; h is the average height of the sprayed layer on its 
axis, mm. 

The relative number of structural cavities is calculated 
using the expression 

where N is the average number of structural cavities, deter-
mined by the number of concentric shadow channels in 
the SL;  fSL is the area of the SL with a diameter of d, m2.

The technique of measuring structural changes is 
detailed in [9]. These parameters, θhо and θN , are eva-
luated in relation to variables such as the ACJ pres-
sure PACJ , moisture content Wc and the average particle 
size dp of the sprayed charge. The ACJ pressure is deter-
mined based on a nomographic chart that considers both 
the charge parameters and the characteristics of the jet 
device [8]. 

 Results and discussion

The experimental findings are depicted in Figs. 3 and 4. 
Specifically, the parameter θhо shows a marked decrease 
as the ACJ pressure increases to 800 Pa, beyond which 
it declines more gradually (Fig. 4, а). with increas-
ing ACJ pressure, the dimensions of structural cavi-
ties diminish, while concurrently, the average height 
of the sprayed layer on its axis expands (Fig. 3). A simi-
lar impact is observed with the reduction in particle size 
of the sprayed charge on the SL’s structural parameters 
(Fig. 4, b), where the rate of decrease in hо outpaces 
the growth in the sprayed la yer’s height h. This implies 
a significant influence of both the moisture content 

of the sprayed charge and the presence of mobile charge 
pulp (hydromix) on the surface of the SL, which is gene-
rated when the charge mixes with water expelled from 
the depth to the surface of the SL by the ACJ pressure [8]. 
At a low moisture content Wc = 5.0 % and an ACJ pres-
sure of 200 Pa and higher, it is postulated that charge pulp 
is not formed in this mode of spraying, thereby not affect-
ing the structure formation of the SL. In such conditions, 
the surface of the SL predominantly features low lap-
pings and small structural cavities (hо < 0.1 – 0.2 mm), 
whose dimensions can be measured and analyzed under 
sufficient magnification. Conversely, at a moisture con-
tent of Wc = 7.5 %, the quantity of mobile charge pulp 
increases during spraying, leading to a decrease in 
the viscosity of the charge on the surface. This condi-
tion facilitates the creation of larger charge lappings 
and structural cavities, which become visually observ-
able. As the ACJ pressure exceeds 800 – 1000 Pa and 
the charge moisture content reaches Wc = 10.0 %, there 
is a significant increase in the amount of mobile charge 
pulp of lower viscosity. This pulp rea dily fills the cavi-
ties, leading to the formation of a relatively uniform 
structural relief on the surface of the SL with a plethora 
of small pore channels. The appearance of charge pulp on 
the surface during the pellet production process serves as 
an indicator of impact pelletization, a phenomenon where 
the physical impact of spraying influences the formation 
and characteristics of pellets [1; 4]. Interestingly, the pat-
tern of these findings bears resemblance to those observed 
in the plasma spraying of metal powders [16; 17]. 

Fig. 3. Dependence of the average height ( , , ) and diameter 
of the sprayed layer of charge ( , , ) on pressure  

of air-charge jet (ACJ), moisture content of the charge: 
1 – 10.0 %; 2 – 7.5 %; 3 – 5.0 % 

at the average charge particle size of 0.068 mm

Рис. 3. Зависимость средней высоты ( , , ) и диаметра 
напыленного слоя шихты ( , , ) от давления ВШС 

при влажности щихты: 
1 – 10,0 %; 2 – 7,5 %; 3 – 5,0 %, 

средний размер частиц шихты 0,068 мм



Известия вузов. Черная металлургия. 2024;67(1):19–26.
Павловец В.М. Возможности теплосилового напыления влажной шихты в процессе формирования структурных свойств ...

24

The parameter θN  , which represents the relative number 
of concentric structural cavities on the surface of the SL, 
varies with РACJ pressure (Fig. 4). A notable increase in 
θN nearly fourfold, is observed as the charge moisture 
content rises from 5.0 to 10.0 % at a РACJ = 1280 Pa. This 
phenomenon is attributed to the increased ACJ pressure, 
which not only escalates the number of structural cavi-
ties but does so at a rate much faster than the growth in 
the diameter d of the SL and its area fSL (Fig. 3). Under 
these conditions, the mobile charge pulp is capable 
of flowing into adjacent zones of the SL in the direc-
tion of the air movement, consequently altering the size 
of cavities on the SL surface.

Analyzing the parameter θF , which is defined as 
the ratio of the sizes of structural cavities to the sur-
face area of the sprayed layer (θF = hо /F, m–1), reveals 
that at a moisture content of 10.0 % θF remains con-
stant across a wide range of ACJ pressures, maintain-
ing a value of 0.1. This consistency in θF suggests that 
the ACJ pressure proportionally affects both the sizes 
of structural cavities and the dimensions of the sprayed 
layer (SL) itself. In contrast, for sprayed charges with 
moisture contents of 7.5 and 5.0 %, θF decreases to 0.07 
and 0.05, respectively, within the same ACJ pressure 
range. This indicates that the formation of the SL’s shape 
and structure from charges with lower moisture content is 
significantly less favorable compared to those with higher 
moisture content due to the smaller sizes of cavities and 
lappings. As the moisture content of the charge increases, 
so do the mass and dimensions of the SL, leading to its 
expansion over a larger area and the enlargement of lap-
pings and cavities. Conversely, with decreasing charge 
moisture, the mass, diameter, and height of the SL grow 
at a slower pace, resulting in smaller lappings and cavi-
ties. However, the number and concentration of these 
features within the area F increase, as structural cavi-
ties become more densely packed. It is noted that start-
ing from ACJ pressures of 800 – 1000 Pa, the geometric 
dimensions of lappings and cavities decrease regardless 
of the moisture content. 

The formation of air cavities (pores) on the surface 
of the SL is most likely to occur at the base of the struc-
tural cavities, where the adhesion of the charge lapping 
to the sprayed base is at its strongest. Under the influ-
ence of ACJ pressure, the crest of the lapping, being more 
mobile due to its specific geometric shape, is subjected 
to greater deformation. This mobility and deformability 
allow the lapping crest to potentially block voids in areas 
that are inaccessible to ACJ pressure. If the charge lap-
pings lack sufficient mobility for this first mechanism 
of pore formation to take place, an alternative mechanism 
can occur, whereby voids are formed through the mechan-
ical overlapping of structural cavities by the sprayed 
charge. The feasibility of this mechanism of structure 
formation has been supported by research findings pre-

sented in publications [8; 9]. These studies have demon-
strated that defects in pellets and irregularities in the SL 
can be mitigated through the application of a hardening 
charge coating created by gas spraying. During the spray-
ing process, the ACJ not only applies to the surface but 
also exerts dynamic shear forces on the deeper layer s 
of the SL, extending from its axis to its periphery. It is 
this action that is believed to lead to the emergence 
of elongated pore channels (Fig. 2, g, h, i) which contrib-
utes to the formation of open pores within the germ struc-
ture. Interestingly, these pores are oriented with a slight 
inclination in the direction opposite to the ACJ’s point 
of impact.

In the central zone of the SL, channels are densely 
packed and exhibit minimal sizes, a characteristic attri-
buted to the high-velocity force pressure of the ACJ 
moving across the SL surface and the increased flui-
dity of the mobile charge pulp extruded from the SL’s 
depth to its surface. This same mechanism is implicated 
in the formation of porosity within the depth of the SL. 
The aggregation of the SL undergoes shear power loads 

Fig. 4. Dependence of the relative size ( , , ) and relative number
 of structural cavities of the sprayed charge layer ( , , )  

on pressure of ACJ at moisture content of the charge: 
1 – 10.0 %; 2 – 7.5 %; 3 – 5.0 % (a) and average particle size 

at PACJ = 580 Pa, Wc = 10.0 % (b), 
the average charge particle size of 0.068 mm

Рис. 4. Зависимость относительной величины структурных 
углублений ( , , ) и относительного количества структурных 

углублений напыленного слоя шихты ( , , ) 
от давления ВШС при влажности шихты: 

1 – 10,0 %; 2 – 7,5 %; 3 – 5,0 % (а) и среднего размера частиц 
при PACJ = 580 Па, Wc = 10,0 % (b), 

средний размер частиц шихты 0,068 мм
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due to the dynamic pressure of the ACJ, which is directed 
from the SL axis towards the periphery, leading to a cha-
rac teristic inclination of the pores in the direction oppo-
site to the jet’s attack. In the intermediate zone of the SL, 
where the ACJ dynamic pressure reaches its maximum, 
cavities become larger but much shorter, and their tor-
tuosity and density increase. This zone also features 
a mix of open pores and a smaller number of irregularly 
shaped, closed-type pores. Towards the peripheral zone 
of the SL, total porosity significantly rises, with the num-
ber of channel-type pores sharply decreasing and only 
forming at the beginning of the zone. The pores at the end 
of this zone are predominantly of the closed type, larger, 
and their longitudinal and transverse dimensions vary 
substantially. To enhance the structural uniformity 
of germs in the SL peripheral zone and reduce the sizes 
of structural cavities and overall porosity of the sprayed 
mass, certain techniques have been suggested. These 
include increasing the charge moisture content, employ-
ing multi-jet spraying, and introducing stabilizing 
additives into the ACJ [8; 9]. The continued influence 
of the ACJ on the SL suggests that structure formation 
within its depth, regarding changes in pore sizes, their 
configuration, and spheroidization, can persist. The elon-
gated shape of pores in the SL’s horizontal cross-section 
(Fig. 2, d, e, f), which closely mirrors the projection 
of structural cavities on the SL surface (Fig. 2, а, b, c) 
indirectly supports this mechanism of structure forma-
tion. However, the complexity of these processes, occur-
ring dynamically within a closed system and potentially 
influenced by the force effect of production unit enclo-
sures and other related phenomena [22; 23]. As these pro-
cesses occurring in the dynamic state in the closed system 
are complex and multifaceted, all the described mecha-
nisms of structure formation are probabilistic in nature. 

 Conclusions

The paper effectively elucidates the impact of heat-
power spraying of wet charge on the intensification 
of production processes and the formation of structural 
properties of iron ore pellets. By presenting detailed inves-
tigations into the macro- and microstructures of germs, 
the study highlights the application of forced nucleation 
technology as a method to regulate structure formation 
and improve the metallurgical properties of iron ore pel-
lets. A probable mechanism for porosity formation within 
the germ mass during the forming process, facilitated 
by heat-power spraying of wet charge onto the pelle-
tizer skull, is meticulously outlined. Further, the paper 
delves into the potential of shaping the structural prop-
erties of iron ore pellets by manipulating the parameters 
of the germ mass through this technology, alongside 
the selection of appropriate technological characteristics 
for the sprayed material. The conducted research sub-
stantiates the involvement of the shear mechanism and 

the movement of mobile charge pulp in the formation 
of germs’ porosity, which is predicated on the dynamic 
influence of the air-charge jet on wet charge materials.
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