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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 hypothesis 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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BO3MOXHOCTU TEN/TOCUNIOBOIO HAMbINIEHUA
BIAXXHOM LWUXTbI B NMPOLUECCE POPMUPOBAHUA CTPYKTYPHbIX CBOUCTB
OKYCKOBAHHDbIX XXENE3OPYAHbLIX MATEPUANOB
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AHHomayus. I1oBblIIeHNE CTPYKTYPHBIX CBOMCTB OKYCKOBaHHOT'O METAJITyPrHIECKOTO CHIPBS 3a cueT GOPMUPOBAHUS OIArONPUSTHOM TOPOBOH CTPYK-
TYPBI Y XKeJIC30PY/IHbIX OKaThIILIEH SBJISETCS aKTyalbHOH 3a1a4eil. MeTobl GOPMHUPOBAHUS CTPYKTYPHBIX CBOHCTB y ChOPMOBAHHBIX JUCIIEPCHBIX
MaTepHaJOB NPOAHATN3UPOBAHBI IPUMEHUTEIBHO K PA3NIMYHBIM OTpACIsAM IPOMBIIUICHHOCTUH. B paboTe mpencTaBICHBI TEXHOIOIMYCCKHUE
BO3MOXKHOCTH TI€PCIIEKTUBHBIX TEXHOJIOIMH MPOMU3BOJICTBA XKEJIC30PY/IHBIX OKATBIIICH Ha OCHOBE TEIJIOCHIOBOIO HANBUICHUS BIAKHOH IIMXTHI
Ha LIMXTOBBIA TapHUCAX OKOMKOBATENs U KOMKYEMbIE MaTepualibl. TemIoCHI0BOE HANbUICHUE BIAKHON INUXThI B TEXHUKE MPUHYIUTEIBHOIO
3apobllIe00pa3oBaHus M03BOJISIET HOPMUPOBATH CTPYKTYPHBIE CBOMCTBA HKEJIC30PYIHBIX OKATHILICH HA CTaMU OKOMKOBaHHs. KOHCTpYKTHBHbBIE
0COOEHHOCTH YCTPOICTB JUISl MOJYy4YEHHs OKAThIIIEN 3aBUCAT OT IPUMEHSIEMBIX IPOM3BOACTBEHHBIX TEXHOJIOIMH HANBUIEHHUS BJIAKHOM IIUXTHI
Ha OrpakJICHUsI OKOMKOBATessl. METOANKH SKCIIEPUMEHTOB 3aBUCAT OT TEXHUKHU TIPUHYAUTENIBLHOTO 3apojibiiieo0pa3oBanus. TeXHOIOI U IPUHY-
JUTEIBHOTO 3apObIIIC00pa30BaHNs BIMAIOT HA MAKPO- H MHKPOCTPYKTYPBI 3apOABIIIECBOIl MacChl. [IpHHINIIBI pEerIaMEHTHPOBAHHOTO CTPYKTY-
poobpa3oBaHus MO3BOJISIOT (POPMHUPOBATH YIyUIICHHbIE METAITYPrUuecKrue CBOWCTBA OKarblei. Ha MoBepXHOCTH HANBUICHHOTO CJIOS IIHXThI
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00pa3yloTcs CTpyKTYpHbIE U3MEHEHHUs B hopMe YNIyOIeHNH U MIMXTOBBIX HAIUIBIBOB. BhICKazaHa rumnoTesa o CTpyKTypHOM COOTBETCTBHM T€OMe-
TPUUYECKHX Pa3MepoB, pelbeda IMHUXTOBBIX HAILUIBIBOB U YITyOJIE€HUH y HATIBIIICHHOTO CIIOS ¢ XapaKTepOM IIOPUCTOCTH U CTPYKTYPHI 3apOABIIICH.
KonnuecTBo 3apozibleBOi MacChl BHYTPH OKaThIILIEH BIMSET HA UX CTPYKTYpHBbIE cBOHCTBA. OTHOCUTEINIbHAS BEJIMYNHA CTPYKTYPHBIX M3MEHEHUH
HAa MOBEPXHOCTHU HAIBIJIEHHOTO CJIOS IIUXTBI U X KOJIUUYECTBO ONPEENIAIOTCS JaBIEHHEM BO3IYIIHOLIMXTOBON CTPYH U pa3MEPOM HAIbLIIEMBIX
yacTuil. BeposTHbIi MexaHu3M (HOPMHUPOBAHUS HOPUCTOCTH 3apOJIBIIIEBOH MacChl B MPOLECCE TEIIOCHIOBOrO HANBUICHHS BIAXKHOH IIMXTHI HA
TapHUCA)X OKOMKOBATEILA 3aBHCHT OT ITapaMeTPoB TexHomoruu. OG0CHOBAH CABHIOBBIH MEXaHH3M 0OpPAa30BAHHSA OTKPBHITOH MOPHCTOCTH B CTPYK-
Type 3apojbIIIeBOl Macchl. APpOAMHAMHYECKHE XapaKTePUCTUKH BO3IYLIHOMIMXTOBON CTPYH BIUSIOT Ha (hopMHUpoBaHHE rnopuctocTd. Hosble
TEXHOJIOTHH TEIUIOCHIOBOTO HAIBIICHUS BIAXKHON MIMXTHI MO3BOJIAIOT HHTEHCH(UIINPOBATh IIPOU3BOACTBO H YTyUIIaTh Ka4eCTBO OKATHIIICH.

Kawuessle caoea: CTPYKTYpPHBIC CBOﬁCTBa, OKYCKOBAaHHOC MCETAJIIyPTUICCKOC ChIPBE, XKCIIC30PY/THBIC OKATHIIIN, TCIUIOCUIOBOC HAIIBIIICHUE BIIAYXKHOU
IIMUXTBI, 3apOAbINICBAs MacCa, TEXHOJIOTUA MPUHYAUTEIIBHOTO 3ap0;lblme06pa303aﬂnﬂ

/Jlnsi yumuposaHus: T1asnoser; B.M. Bo3M0XHOCTH TETIOCHIOBOTO HAIBUICHHS BIAYKHO IIMXTHI B Tporiecce GOpMUPOBAHUSI CTPYKTYPHBIX CBOHCTB
OKYCKOBAHHBIX JKEJIC30PYAHBIX MaTepHaloB. Mseecmus 8y306. Yeprnas memannypeus. 2024;67(1):19-26.
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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, a.
The spraying schemes for pelletized materials are
depicted in Fig. 1, b, ¢. 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

TexHUYeCKHE MOKA3ATEIH TEXHOJIOT Ui moJIiyvueHust oKaTbIlIei

L Pelletizing technologies
Technical indicators
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
threzil;i S’e;ientage of sprayed material in the pellet B up t0 70 up 10 40 up 1o 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, % - 04-12 04-1.0 0.5-0.9
}[\i/f)(;l’sf(tg/ez rLezrf:))val intensity in the process of nuclea- B 4-8)10° | (5-10)10° | (5—10)10°
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
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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, a) [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, ¢).
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 easily
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 m*/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, ¢):
1, 2 — independent flows of the loaded charge; 3 — sprayed layer (@), spraying area (b, c)
in the layer of pelletized materials; 4 — germs; 5 — suitable pellets; 6 — divider of sprayed layer (SL)

Puc. 1. CxeMbI OJTy4eHHUS OKATHIIIEH HA OCHOBE TEIUIOCHIOBOTO HAIBIIICHHSI BIIQXKHON IIIMXTHI
Ha [IMXTOBBIN TapHUCAX Tapesib9aToro OKOMKOBATEs (@) M KOMKyeMble MaTepuaisl (b, ¢):
1, 2 — caMOCTOSITENbHbIE TOTOKH 3arpy’kaeMoil MUXThl; 3 — HABUICHHBIH CJI0# (@) 1 oOnacTh HanbuieHus (b, ¢)
B CJIO€ KOMKYEMBIX MaTepHaoB; 4 — 3apOJIBIIIN; 5 — FOJIHbIE OKATHIIIN; 6 — neaurtesns HC
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and 26447 — 85) and density. In each SL zone, defined
by a relative diameter & 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
E{h 5

electric furnace at 800 °C.
AL, {
s
Wi {:’r ! R

Al

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, ¢). 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 (B) 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, ¢ — SL surface, x10; d, e, f— thin section in the horizontal plane, x100; g, 4, i — thin section in the vertical plane, x100;
a, d, g— SL central zone 6 = 0; B = 90°; b, e, h — intermediate zone & = 0.5; f = 90°; ¢, f, i — peripheral zone 6 = 0.7; § = 90°

Puc. 2. Makpoctpykrypa nosepxHoct HC mociie HanmbuieHHsS 1 MUKPOCTPYKTYPBI TOBepXHOCTH 06pasioB HC
HA TOPU3OHTAIBHOM M BEPTUKAIBHOM IIIOCKOCTSIX 00pa3IoB:
a, b, c —nosepxnocts HC, x10; d, e, f— noBepxHOCTh HUTH(A B TOPU3OHTANIBHOIT T10CKOCTH, X 100;
g, h, i —IoBepxHOCTH NUTH(a B BEpTUKAIBHOH mIockocty, X100; a, d, g — nenrpansHas 3oHa HC, 8 =0, = 90°;
b, e, h — npomexyTouHas 30Ha, & = 0,5, B = 90°; ¢, f, i — nepudepuiinas 3oHa, 6 = 0,7, f = 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 0, and the relative number of structural
cavities 0,,, amount/m? (1/m?), on its surface. The relative
width of the structural cavities can be determined using
the expression

where A is the average width of structural cavities,
mm; 4 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; f, is the area of the SL with a diameter of d, m>.

The technique of measuring structural changes is
detailed in [9]. These parameters, 0, and 0,, are eva-
luated in relation to variables such as the ACJ pres-
sure P,;, moisture content /¥_ 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 6, shows a marked decrease
as the ACJ pressure increases to 800 Pa, beyond which
it declines more gradually (Fig. 4, a). 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 A outpaces
the growth in the sprayed layer’s height 4. 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 W, = 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 (4 <0.1 —0.2 mm),
whose dimensions can be measured and analyzed under
sufficient magnification. Conversely, at a moisture con-
tent of W_=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 W_ = 10.0 %, there
is a significant increase in the amount of mobile charge
pulp of lower viscosity. This pulp readily 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].

h, m d, m
0.030 - -4 0.12
0.025 |- -4 0.10
0.020 - - 0.08
0.015 - - 0.06
0.010 | - 0.04
0.005 - - 0.02
L L L L L L 0
0 200 400 600 800 1000 1200 P,y Pa

Fig. 3. Dependence of the average height (@, @, @) and diameter
of the sprayed layer of charge (I, I, [) on pressure
of air-charge jet (ACJ), moisture content of the charge:
1-10.0%;2-75%;3-50%
at the average charge particle size of 0.068 mm

Puc. 3. 3aBucumocTb cpeniHeil BoicoThH (@, @, @) U 1uameTpa
HanbuteHHOTO ciost XThI ([, [, M) ot naBnenus BIIC
MPY BIQKHOCTH IIUXTHI:
1-10,0%;2-17,5%;3-5,0%,
cpenuuii pazmep yactur wuxTh 0,068 Mm
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The parameter 6, , whichrepresents the relative number
of concentric structural cavities on the surface of the SL,
varies with P, pressure (Fig. 4). A notable increase in
0, nearly fourfold, is observed as the charge moisture
content rises from 5.0 to 10.0 % ata P, ., = 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 fg; (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 0,, which is defined as
the ratio of the sizes of structural cavities to the sur-
face area of the sprayed layer (6, = A /F, m™), reveals
that at a moisture content of 10.0 % 0, remains con-
stant across a wide range of ACJ pressures, maintain-
ing a value of 0.1. This consistency in 0, 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 %, 0, 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-
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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 layers
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, 4, 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
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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-
racteristic 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, a, b, ¢)
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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