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Abstract

Introduction. Harmful components of ore dust, formed during the unloading of products in the preparation of iron ore
concentrate (PPIOC) at the mixing stage, cause damage to both workers and equipment. To address this issue, liquid
aerosol spraying using nozzles with large diameters (>20 um) is used. However, this method proves ineffective in
capturing fine-dust particles. Therefore, enhancing the efficiency of the dust deposition method through PPIOC dust
spraying becomes a pressing challenge. The aim of this study is to investigate the impact of the Dry Fog technology,
generating liquid droplets up to 20 um in size, during the unloading stage of PPIOC at a mining and metallurgical
enterprise in the precipitation of suspended fine-dust particles. The primary goal of this research was to assess the
effectiveness and potential advantages of applying the Dry Fog technology for dust spraying with subsequent
precipitation, as this technology has not been previously applied to PPIOC dust.

Materials and Methods. The experiment on the PPIOC dust deposition was conducted in a specially designed
laboratory setup. Through physical modeling in the laboratory setup, parameters of the precipitation process were
obtained. Subsequently, the results were analyzed to understand the dependence of dust precipitation over time, taking
into account the influence of the Dry Fog technology. An experiment program was developed for physical modeling.
According to the devised program, dust was uniformly loaded into the interior of the laboratory setup (from the top),
distributed in the air stream throughout the volume of the setup by a fan, and an instrument located at the bottom
recorded changes in concentration over time. Experiments on dust precipitation were then conducted using liquid
spraying (filtered water as the liquid) introduced into the setup through nozzles generating droplets with sizes of 10 and
15 pm, concurrently with the loading of dust into the laboratory setup. The effectiveness of the Dry Fog technology in
the deposition of PPIOC dust was determined visually and further analyzed based on a comparison of graphs. The
dynamics of changes in the average dust concentrations depending on time was studied both during precipitation
without spraying and using the Dry Fog technology. During the experiment, the characteristics of the microclimate
inside the laboratory setup (humidity, temperature and air velocity) and the parameters of two nozzles — their operating
pressure and the supplied liquid spraying time — were recorded.

Results. The comparison of the results showed a reduction in the dust precipitation time by 40% and 75% when using
nozzles with sizes of 10 um and 15 pum, respectively.

Discussion and Conclusion. The experiment results confirm the effectiveness of the Dry Fog technology for PPIOC
dust precipitation during unloading at the mixing stage. Fundamental findings have been obtained, providing a basis for
further assessment of the efficiency of dust precipitation with the additional application of pulsating ventilation. In such
a combination, an additional 20-25% increase in precipitation efficiency is anticipated compared to the results
presented in this article. The obtained results will support the justification of rational parameters and the implementation
of the described method in production to enhance dust precipitation efficiency. Additionally, they will aid in developing
a methodology to accelerate the PPIOC dust precipitation using the pulsating ventilation method.

Keywords: ore dust, dust from iron ore concentrate preparation products, iron ore concentrate, liquid spraying, mass
transfer, dust deposition experiment, liquid aerosol, dust aerosol, pulsating ventilation method
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AHHOTANUA

Beeoenue. BpenHsie KOMIIOHEHTHI pPYJHOW TWBUIM, OOpa3ylomIedcs TpH pasrpy3Ke MPOAYKTOB IMOATOTOBKH
xkenezopynHoro konmentpara (IIIIDXKK) Ha cragum cMmemuBaHWs, HAHOCAT yuiepd Kak paOOTHHKaM, TaK U
obopymoBanuto. /s pereHus: 3Toi mpoOiIeMbl MPUMEHSICTCS OPOIICHUE KUIKOCTHBIM a3p030JIeM C UCIOJIb30BAHUEM
(dhopcyHok OobIux auamMeTpoB (>20 mM). OnHAKO HaHHBIH MeTox Hed()()EKTUBEH B YIaBIMBAHHH MEJIKOIUCIICPCHBIX
YacTHUI[ TBUIM, TO3TOMY MOBbImeHHEe 3((HEKTUBHOCTH MeToma ocaxkiacHus opomerueM mnbuti [TITKK cranoBurcs
aKTyaJabpHOH 3amaveil. Llempio TaHHOTO MCCIENOBAHUS SBISIETCS M3yUCHHE BO3ACUCTBHS TeXHONOTHH «CyXoi TyMamy,
TeHEePHPYIOMEH Kalik JKUAKOCTH pasMepoMm 1o 20 MM, Ha sTame pasrpysku [TIDKK ropro-meTamryprugeckoro
MPEeINPUATHS TPA OCAXKICHUH B3BEUICHHOW MeNKOAWCHepcHON mbutd. OCHOBHOW 3amadeil JaHHOTO MCCIIEIOBAHUS
SIBIITIACH OleHKa A((EKTUBHOCTH W BO3MOXKHBIX IIPEHMYIIECTB MPUMEHEHHS TEeXHONOTHH «Cyxo TyMmMaH» Ui
OpOIICHUS MBUIA C MOCIEAYIOMNM ocakaeHneM, mockonbky K meumw [ITDKK ommcanHas BeIIe TEXHONOTHS paHee HE
MIPUMEHSLIACK.

Mamepuanvt u memoodwt. JxcrniepuMeHT 1o ocaxaeHuto bt [ITDKK npoBoausics B cneluanbHO CO3JaHHOM
nmabopatopHoM cterae. [locpencTBoM (u3HYEcKOro MOIEIHMPOBAHMS OBUTH TOJXYYCHBI IMapaMeTphl IIporiecca
ocaxxaeHus. [lanee moiydeHHbIE PE3yJNbTaThl MOABEPraIMCh AHAIU3Y C TOYKU 3pPEHUS] TOJYUYEHHUS 3aBUCUMOCTH
OCXJICHUS TBUIM C TEYCHHEM BPEMEHH C yueToM BiusiHUsA TexHosoruu «Cyxoil Tyman». Jlns ¢dusmdyeckoro
MOJIeNTMpoBaHus Oblia paspaboTaHa mporpamma skcriepumeHTa. CorjiacHO AaHHO#M mporpamme, MbUTh PAaBHOMEPHO
3arpyaigach BHYTPb JIaOOpaTOpHOro CTEHAa (CBEpXY), paclpeieisiach B BO3IYIIHOM IIOTOKE MO BCeMYy 00beMy
CTEH/Ia KpPbUIbUATKOM, a MpHOOp, PACIOJIOKECHHBI B HWKHEH 4acTH, (UKCHPOBA HM3MEHEHHE KOHIICHTPALUH BO
BpeMmeHH. [lanmee OBUIM MPOBENCHBI SKCIEPUMEHTHI MO0 OCAXKIICHHUIO MBUIH C MPUMEHEHUEM >KHAKOCTHOTO OpPOIICHHS.
CoBMecTHO ¢ 3arpy3Kod IBUIM B O00BEM JIaOOPATOPHOTO CTEHIA IMOCPEICTBOM (POPCYHOK, TCHEPHUPYIOMIMX KarlTh
pasmepom 10 m 15 MKM, monaBanack *XHAKOCTb — OTQHIBTPOBaHHAS BoAa. DPQPEKTUBHOCTH TexHOJOTHH «CyXxoi
Tyman» nipu ocakaeHnu neun [TTDKK ompenensitack BU3yainbHO, U Tajiee — Ha OCHOBAHWH COIIOCTABIICHUS TPa(UKOB.
N3yvanack quHaMUKa U3MEHEHUS YCPETHCHHBIX KOHIICHTPAIUH MBUTH OT BPEMEHH KaK MPU OCAXICHUH 0€3 OPOIICHUS,
Tak U ¢ IpuMeHeHueM TexHonoruu «Cyxoil Tyman». B mporecce 3kcriepuMeHTa (PUKCHPOBAIHCH XapaKTEPUCTUKU
MHUKPOKITUMAaTa BHYTPU JA0OPaTOPHOTO CTeHIA (BIAXKHOCTh, TEMIIEpaTypa W CKOPOCTh JBIDKCHHS BO3AyXa) U
napamMeTpsl AByX (POPCYHOK — UX pabouee JaBJICHHE U BPEMs PACTIBUICHHS [T01aBACMOM JKUIKOCTH.

Pezynvmamut uccnedosanus. CpaBHEHUE Pe3yIbTaTOB HKCIIEPUMEHTA MTOKA3aJI0 YMEHBIIIEHUE BPEMEHH OCAXICHUS Ha
40 % u 75 % npu ucnonb3oBaHu GopcyHOK Ha 10 MKM 1 15 MKM COOTBETCTBEHHO.

Oécyscoenue u 3arxmouenue. Ilo pesyipraram dKCrepuMeHTa noArBepxkaeHa 3ddexTuBHOCTh TexHOMOrHH «Cyxoi
Tyman» ans ocaxnaeHus neu [ITDKK mpu pasrpyske Ha cramuu cmemmBanus. [lomydeHHble 6a3ucHBIE Pe3yIbTaThI
MMO3BOJIAT B JajbHEHIIEM OIECHHUTh S()()EKTUBHOCTH OCAKACHHUS IBUTH C NPUMEHEHHEM JOTOJIHHUTEIFHO DPEXHMa
MyTBCUPYIOMEH BEHTWIIIHHA. B TakoM COYETaHMH OXHUIOACTCS IOBBIMICHHE J(PQPEKTHBHOCTH OCAXKICHHUS eIlle
Ha 20-25 % OTHOCUTENBHO pPE3yJIbTAaTOB, MPEICTAaBICHHBIX B AaHHON craThe. [losydyeHHblE pe3ylnbTaThl OaroT
BO3MOKHOCTh O0OOCHOBATh PAallMOHATBHEIC IMapaMeTPhl M MPUMECHUTH Ha MPOU3BOACTBE BHIIICOMUCAHHBIA CIIOCO0 LIS
TTOBBITICHUS (PPEKTUBHOCTH OCAXKICHUS MBUTH. [IOMHMO STOTO, OHH CO3MAI0T OCHOBY JJS Pa3pabOTKH METOIWKU
yckopenus ocaxxaenust nput [ITDKK ¢ mpumenenneM MeToia My AbCUPYIOLIe BEHTUIISIIUH.

KuloueBble ciioBa: pyaHUYHAs MbUIb, MbUTE MPOAYKTOB MOJITOTOBKU KEJIE30PYJHOIO0 KOHIEHTpATa, >KeJIe30pyAHbII
KOHLIEHTPAT, »MWJIKOCTHOE OpPOLICHHE, MAaCCOIEPEHOC, OSKCIEPUMEHT II0 OCAXKIEHUIO, MKUAKOCTHBIM a3po30ilb,
MBUIEBOISTHOM a3p030J1b, METO/] IyJIbCUPYIOIIEH BEHTHIISIIIUN
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BaarogapHocT. ABTOPHI OJaromapsar peJakIMOHHYI0 KOMaHIy KypHaJa ¥ PEIICH3CHTa 32 KOMIICTCHTHYIO DKCIEPTH3Y
Y TEHHBIC PEKOMEHJAINN TI0 YIIYYIICHUIO CTaThh. Takke aBTOPHI OJIarofapsAT KOJUICKTHB W PYKOBOIUTENS Kadeapsl
«TexnocdepHas OesomacHocthy HUTY MUCHUC 3a momnmepkKy B CO3MaHWU J1abOpaTOpud U peain3aluu
Hccie10BaHuH.

Juast uurupoBanust. Kypuocos N.10., ®umun A.J., Tepteiunas C.B. OneHka BIUSHUS CUCTEMBI OPOIIESHUS Ha JTare
MOJTOTOBKA MPOJYKTOB JKEJE30PyIHOr0 KOHICHTpaTa. be3onacHocmb MexXHOLeHHbIX U NPUPOOHBIX  CUCHEM.
2024;8(1):41-49. https://doi.org/10.23947/2541-9129-2024-8-1-41-49

Introduction. In order to reduce the level of atmospheric dust in production sites, the mining and metallurgical
complex has successfully employed a range of innovative methods and advanced dust control technologies. Filtration
systems, cyclones and ventilation systems are used, that are designed to effectively capture and remove the smallest
dust particles [1-3]. In addition, engineers use methods of liquid spraying, aerial flotation and other advanced
technologies that together provide an integrated approach to solving the problem of dust. The effectiveness of dust
control measures is closely related to the unique features of the production processes, the characteristics of the
equipment used, the design features of the premises and other important factors. Systematic maintenance of technical
condition of the equipment is not just part of the technological process, but acts as an important element of the strategy
to reduce the impact of production activities on the environment, contributes to the optimization of production
efficiency. Comprehensive implementation of the above measures, combining various methods and technologies, allows
you to achieve maximum efficiency in reducing the level of dust load within the working area.

At the stage of unloading and preparation of iron ore concentrate, where a significant amount of the smallest
dispersed dust is formed, a liquid spraying system is used for a long time [4—6]. To create the smallest liquid aerosol,
various types of nozzles are used, forming droplets with a diameter from 30 to 150 microns. In addition, nozzles with a
larger diameter are also used. Deposition time t of the smallest dispersed dust (d =1-10 microns) when using such
nozzles can be quite long and reach 25,400 s (about 7 hours) [6]. At other stages of production, advanced Dry Fog
technology is used for effective dust deposition. This technology uses nozzles of a smaller diameter that spray liquid
with a droplet dispersion in the range from 1 to 20 microns [7]. In this technology, each drop of liquid serves as an
effective tool for capturing and ensuring the settling of the smallest particles, creating a unique combination of
technology and engineering in the fight against the problem of atmospheric dust.

Studies related to the use of the above-described technology for the deposition of fine dust in the preparation of iron
ore concentrate products have not been conducted before. Therefore, the aim of this work was to analyze the effects of
the Dry Fog technology, which generates liquid droplets up to 20 microns in size, at the stage of unloading the PPIOC
of a mining and metallurgical enterprise during the deposition of suspended fine dust. The task was to evaluate the
effectiveness and possible advantages of using the Dry Fog technology for dust spraying with subsequent precipitation.

Materials and Methods. To evaluate the effectiveness of the innovative Dry Fog technology, a series of
experiments were conducted to measure dust deposition of the smallest particles of iron ore concentrate products using
nozzles with diameters of 10 and 15 microns. To perform the experiment, a laboratory setup was developed (Fig. 1).
This setup was used to analyze the deposition of coal dust in [8]. It was a cubic container with a volume of 1 m3, made
of organic glass in an aluminum frame.

A high-precision aerosol particle mass concentration meter, AEROCON-P, was used as a means to monitor the
concentration of particles in the atmosphere. This measuring device has been developed taking into account the
requirements for determining the mass concentration of dust with a diverse origin and chemical composition. The mass
concentration meter has a unique ability to register the dispersion of the studied particles, including those with a
diameter of up to 10 microns.
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Fig. 1. Laboratory setup for dust deposition with a layout of equipment and measurement points:
1 — air flow generator; 2 — high-precision mass concentration meter for aerosol particles — AEROKON-P; 3 — fog generator;
4 — meteometer; 5 — humidity sensor; 6 — temperature sensor; 7 — nozzle; 8§ — filling funnel; 9 — air pulsator
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The order of measurements is indicated in Figure 1 by letters A, b, B (location of the Aerocon-P sensor) (2). Values
I, II and III (located next to the letters) correspond to the measurement points. According to the above scheme, the
experiment was carried out over the entire area of the bottom of the laboratory box, namely at its 9 points (measurement
points I, II, IIT should be understood as located in perspective, i.e. one after the other).

The experiments on dust deposition were carried out while monitoring the microclimate parameters. At the time of
the deposition experiment, these parameters were controlled using a TESTO 435 (4) meteometer. During the
experiments on dust deposition, the meteometer was used to control the parameters of the dust-air environment in the
laboratory box — air temperature and humidity. This made it possible to establish the initial conditions of the
experiment and conduct it under controlled conditions. The measuring device described above was used to monitor and
maintain air humidity inside the setup in the range of 25-30% and temperature in the range from 22°C to 25°C. The
assessment of the velocity of the air flow coming from the generator was carried out using a digital vane anemometer,
which ensured a stable air velocity at the level of 4 m/s. To simulate the spraying system in the laboratory setup,
an E218 installation was used, designed for misting by spraying liquid from various nozzles (Fig. 1). The operating
pressure of this unit was 5.4 MPa, and the maximum was 12.41 MPa. For the experiment, nozzles with a diameter
of 15 microns and 10 microns were used in this installation (Fig. 1).

The size of dust particles used in the deposition experiment, according to granulometric analysis, ranged
from 1 micron to 40 microns (Fig. 2). Since the device for recording the concentration of particles in the air measured
particles up to 10 microns in diameter, it was necessary to determine the percentage of these particles in the dust
sample. According to this analysis, the required dust particle size used for the deposition experiment was approximately
10% of 1 gram of the sample used in dust analysis [9]. To correctly determine the concentration change by the device,
the sample of the dust under study was increased to 5 grams in order to increase the concentration of fine dust with a
diameter from 1 micron to 10 microns.

Dust deposition experiment was carried out in the laboratory setup described above, in compliance with all
microclimate parameters regulated by appropriate measuring devices. A predetermined amount of dust weighing
m =5 g was placed into the laboratory box for 3—5 seconds using a filling funnel (Fig. 1). During this process, the air
flow generator was activated, providing air supply at a speed of V =4 m/s. The AEROCON-P measuring device, used
as a mass concentration meter for aerosol particles, periodically recorded dust concentration data with an interval
of 5 seconds, automatically transmitting the obtained values to a computer monitor [10]. The stage of the dust
deposition experiment was completed when the dust concentration value recorded by the device was equal to
n=0.00 mg/m?. The achievement of this value was considered as an indicator of completion of the experiment, in
which all dust in the laboratory box was considered settled.
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Fig. 2. Granulometric analysis of dust of sinter production of the mining and metallurgical complex:
C — percentage distribution of the number of particles in the sample by size, %;
dC — integral distribution of the percentage of particles in the sample by size, %;
d — particle size in the sample
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Using similar parameters of temperature, humidity and air velocity during the dust deposition experiment, studies of
the deposition of a dust-water aerosol were carried out with the alternate use of two nozzles (d = 10 and d = 15 microns)
and control of the supplied pressure (p = 5.4 MPa) of the liquid. In addition, spraying time t =2 minutes was monitored
(after two minutes, the air humidity in the laboratory setup became maximum and amounted to 98.5%).

Results. Under the described conditions, a series of 10 dust deposition experiments was performed to ensure the
reliability of the experimental data. The results of these experiments were processed, summarized in graphs and
analyzed. Figure 3 provides graphs of the change in dust concentration values over time during 10 experiments from the
deposition time.

According to the graph shown in Figure 3, the average dust deposition time without spraying and the use of
pulsating ventilation was on average 1,828 seconds (30.5 minutes). During this time, dust in the production
environment was in the air of the work area and caused harm not only to the equipment, but also to the personnel of the
enterprise.

The results of 10 experiments on the deposition of a dust-water aerosol using two nozzles were also presented in the
form of graphs of the dynamics of changes in the average concentration values from the time of aerosol
deposition (Fig. 4, 5).
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Fig. 3. Graphs of changes in dust concentration over time based on the results of 10 experiments

According to the graphs shown in Figure 4, the average deposition time of a dust-water acrosol when using nozzles
with a diameter of 10 microns was 1115 s (18.5 min). The efficiency of this method, relative to the time of self-
deposition of dust, was about 40%. However, according to Figure 5, when using a nozzle with a diameter of 15 microns,
the average deposition time of a dust-water aerosol was 475 s (= 8 min.). The effectiveness of this method was 74%.
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Fig. 4. Graphs of changes in the concentration of the dust-water aerosol over time
(nozzle dimeter 10 microns)
30
o
g
)
g 25
A
et
Q
i3]
E
-
E
c
N—
=
g 15
=]
<
=
=
(5]
Q
5 10
o
—
o
[72]
o
g
< 5
0
O N O VN O VN O VO WV O VMO VN O WV O WV O WV O WV O VO VN O VO WV o Vn o n
AN NN O 0N —~ AN F VNSO N OO AN WV OO —~A T V0O —
e, e, A NN A NNANAOAONNOROAONST T T RN
Time, s
1 2 3 4 5 6 7 8 9 10

Fig. 5. Graphs of changes in the concentration of the dust-water aerosol over time
(nozzle dimeter 15 microns)

Figure 6 shows the recalculated dependences of aerosol concentrations obtained as a result of spraying experiments
using nozzles with a diameter of 10 microns and 15 microns. During the experiments, different dust concentrations were
detected, which were recorded by the device. For ease of presentation, these concentrations were recalculated and
expressed as a percentage depending on the deposition time.

When comparing the previously determined values of the efficiency of dust deposition using nozzles of 10
and 15 microns, the latter gave a significant effect. With the use of a 15 micron nozzle, the dust deposition efficiency
was about two times higher than with a 10 micron nozzle. When using a 15 micron nozzle, dust particles exhibited low
tendency to stick together and formed large liquid droplets less effectively, which reduced the effect of "condensate"
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during spraying. Fine droplets filled the dusty air environment better and could be used in those places of technological
production where large droplets could cause damage.
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Fig. 6. Graph of changes in dust concentrations (%) over time under the conditions of dust deposition by spraying when
using nozzles with dimeters of 15 microns and 10 microns

Discussion and Conclusion. As a result of the conducted experiments on dust deposition in the laboratory setup, the
time of dust deposition was determined under two different scenarios: during the natural deposition of dust and during
the deposition of a dust-water aerosol (by exposure to a liquid aerosol using nozzles with diameters of 10
and 15 microns).

In the future, to develop a technique for dust deposition, it is necessary to use the following parameters as rational:

— humidity of air inside the laboratory — ¢ = 25-30%;

— air temperature in the laboratory setup — T = 22-25°C;

— air velocity generated by the airflow generator should be at the level of V=4 m/s.

The following technical parameters of the spraying system should also be used:

— it is recommended to use nozzles with diameters of 10 microns and 15 microns to disperse the liquid,

— working pressure in the liquid supply system — p = 5.4 MPa;

— spraying time of the liquid aerosol — 2 min.

The results obtained show different values of the efficiency of dust deposition using nozzles that generate different
droplet diameters used in the spraying process. The nozzles described in the article demonstrate a significant
improvement in the process of dust deposition by spraying when using nozzles of 10 and 15 microns, rather than when
using nozzles generating droplets larger than 15 microns in the spraying process [7]. In addition, reducing the amount of
moisture in the air of the production workshops will have less negative impact on the equipment.

The analysis of the data obtained confirmed the higher efficiency of dust deposition process when using the Dry Fog
technology during the unloading of the PPIOC at the mixing stage. The results obtained provide a basis for further
evaluation of the effectiveness of dust deposition process using the pulsating ventilation method. Based on the work of
other authors who use this technology [7], an additional increase in deposition efficiency values by 20-25% is
predicted, relative to the use of the Dry Fog technology. The results obtained in this work will be used in further
development of a technique for dust deposition of iron ore concentrate products using the pulsating ventilation method.

The obtained values of the efficiency indicators of the Dry Fog technology give reason to recommend it for
implementation in production for dust deposition in mining and metallurgical production sites with a high dust load.
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3asenennvlii 6x1a0 c0asmMopos:

N.1O. KypHOCOB — TpoBe/ieHHE SKCIIEPUMEHTa, TOJKOBAaHHE JIOTMKU TIOJNYyYSHHBIX JaHHBIX, (popMHpOBaHHE
OCHOBaHHOTO TEKCTA CTaThH, 00pabOTKa pe3yIbTaTOB UCCISJOBAHHMS, IEPEBO]] HA MHOCTPAHHBIH S3bIK.

A.D. OuiMH — TOCTaHOBKA 3aJayd M LENM WCCICAOBAHUS, MPENOCTABICHUs Hay4yHO# 0a3bl M (opMHUpOBaHHE
METOJMKH OKCIIEPUMEHTA, KOHTPOJb pPE3yJIbTATOB OJKCIEpPUMEHTa U (HOpMHpPOBaHHE OOOCHOBaHHS TEOPHU
HCCIIeIOBAHMS.

C.B. TepreruHass — o00paboTKa JHUTEPaTYpPHBIX HCTOYHHUKOB, TPEIOCTABICHHWE HAy4dyHOH Oa3bl, (popMupoBaHUE
BEIBOJIOB HCCIICIOBAHHUS, PEIAKTHPOBAHUE TEKCTA U TPAPHUKOB PYKOIIHCH.

KOH(ﬁ]luKm urmepecoes. aBTOphl 3asBJIIAOT 00 OTCYTCTBHUU KOH(i)J'II/IKTa HUHTCPCCOB.

Bce aemopul npouumanu u 0006punu OKOHYAMENbHBLI BAPUAH PYKONUCU.
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