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Abstract
Introduction. Dusty surfaces insulation with preventive emulsions based on heavy oil residue (HOR) is
a promising environmental technology in open-pit mining. To assess the environmental safety of these
emulsions, it is required to assess the possible scale of organic pollutants emission into the technogenic
leakage fluxes occurring due to the interaction of HOR insulation with precipitation.
Research aim is to assess the scale of organic pollutants leaching occurring due to the interaction of
HOR insulation with precipitation.
Research methods. Laboratory modeling of HOR samples and water interaction and assessment of the
scale of organic compounds (bitumen and oil products) discharge into the water environment.
Results. Studies have shown that the addition of an insulating emulsion based on heavy oil residue leads
to the creation of an organo-mineral mixture with hydrophobic properties, determining low solubility of
hydrocarbons in water and posing no threat of excess organic pollution to the hydrosphere.
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Introduction. Considerable dusting of open-pit surface and automobile roads require
special measures to be implemented to reduce dust emission [1]. In this sphere, the
technology of fixing dusting surfaces with preventive emulsions containing surface-
active agents (surfactants), latex, and water-based particulate has wide practical
applications [2]. The drawbacks of the technology that reduce its economic efficiency are
as follows: limited operation time due to its water solubility [3] and the need for expensive
dissolving agents or addition agents [4].

Recently, the proposal has been made to apply preventive emulsions based on oil
products residue due to their cheapness and ability to improve the water resistance of the
forming insulation [5]. The products of straight run tar processing are ascribed to heavy
oil residue (HOR): road, construction, and roofing bitumen, etc. [6] (table 1).

Moreover, the use of petroleum residue requires assessing the scale of possible
emission of organic pollutants occurring due to the insulating surfaces interaction with
precipitation. Methods of laboratory testing are usually used for this purpose [7-9],
modeling the interaction between the residue and water and providing insight about the
scale of the examined components leaching [10].

Research methods. The study objects are the bricks of silt burden that were shaped
using petroleum residue from LLC LUKOIL-Nizhegorodnefteorgsintez as a preventive
binding agent.



58 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 4. 2021 ISSN 0536-1028

The base of the bricks is the sinter iron ore concentrate (STO standard 00186826-026-
2015) of the Novolipetsk Steel (NLMK) used at production site as a road surface.
The concentrate represents black dry powder with the bulk density of 2.75 kg/dm?.
Material specification is presented in table 2.

Table 1. Specification of heavy oil residue
Ta0auna 1. Texundeckne XapaKTepUCTHKH TSZKeIbIX HeTAHBIX 0CTATKOB

Softening point .20 . .
HOR by the ring and Dens/lty3 P Vllzgoos(lzty ILF? n.der
ball method, °C gm »mbars
Tar (ZapSib) 35 995 358.0
Propane
deasphaltization 38 1010 367.5
asphalt*
Cracking residue of tar 47 1019 320.5
visbreaking
Bitumen BN 70/30 70 1012 910.0

* Propane deasphaltization asphalt of tar PD 36 is used as raw material to produce
preventive binder PS-1.

The applied preventive binding agent PS-1 was obtained from propane-
deasphalted asphalt (STO standard 05747181-016-2012) (Preventive binding agent
PS-1. Asphalt. Specification. STO standard 47678749-001-2015. Ekaterinburg:
Asphaltite Research and Development Center; 2015). Specification of PS-1 is
presented in table 1. According to GOST 12.1067-76 “Occupational safety standards
system. Noxious substances. Classification and general safety requirements”,
propane-deasphalted asphalt (PDA) of tar refers to low toxicity substances of
hazard class 4.

Table 2. Specification of sinter iron ore concentrate (STO standard norm)

Tabnuua 2. Texunueckue XapaKTepUCTUKH 7KeJIe30PYAHOT0 KOHI[EHTpaTa
arjiomepauuoHHoro (Hopma no CTO)

TPON CONEEIIE, V0 vt e et e et e e eere e e eeeeeeanaeeeens
Tron content tOlETANCE, Y0........civiruiiiieiieieei ettt ettt s eae e
Moisture content, %..........ccuveen..
Moisture content tolerance, %....
Silicon dioxide content, %............c........

Silicon dioxide content tOlEranCe, Yo........cc.ooevveeeiueeeeeeeeieeeeeeeeee e +0.5

Burden was combined with the binding agent in a 9:1 ratio and pressed into cylinders
under a pressure of 400 kgf/cm? (GOST 12801-98, testing mineral filler with bitumen).
The obtained monoliths (cylinder bricks) were used to analyze 4 samples:

I — monolith no. 1 with a mass of 259.32 g and 102.05 cm? surface area;

I’ — monolith no. 1 with a mass of 259.32 g, ground to 3 x 3 mm particles;

IT — combined monoliths no. 2 and 3 with the overall mass of 541.77 g and 541.77 cm?
surface area;

[T — monolith no. 4 with a mass of 538.1 g and 164.85 cm? surface area.

Such grouping of samples makes it possible to achieve wide dispersion of the surface
area, i.e. helps to assess the range of organic compounds solubility under various water
contact areas. Besides, it is possible to assess the possible solubility of organic compounds
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in case of insulation disintegration due to one of the samples grinding to 3 x 3 mm particles
resulting in maximum interaction of sample particles with water.

When analyzing an organic constituent (OC), chloroform bitumen A (hereinafter
CBA, a combination of organic compounds extracted from samples by chloroform)
together with its hydrocarbon fraction (oil products) were the main objects of
research, being the most capable of migration among all OC fraction [11]. The oil
products (OP) parameter reflects the total content of hydrocarbons in samples (GOST
17.1.4.01-80). It was determined through the method of IR photometry (Guideline
document RD 52.24.476-2007. Mass concentration of oil products in water.
The procedure of measuring by the method of IR photometry. Rostov-on-Don; 2007)
using the concentration meter IKN-025 (0.02 mg/dm? lower limit of detection).

102.0

101.0 | .

100.0

99.0

M' JJH\\J\ atd /\/\A“/P

98.0

Transmittance, %

97.0

96.0 1 1 1 1 1 1 J
2000 1800 1600 1400 1200 1000 800 600

Wave number, cm™

Fig. 1. IR spectrum of CBA sample I
Puc. 1. UK-cniektp XBA npo0Osr I'

Structural and group analysis of bitumen was made by the method of IR spectroscopy
(IRS) using the PerkinElmer Inc. Frontier IR-Fourier spectrometer [12]. Organic
compounds were identified by both particular regions of spectrum and by absorption
characteristic bands common for all the samples, using the organic compounds spectral
library [13].

The scale of organic compounds discharge into the water environment was assessed
by analyzing the composition of the waters that contact the studied samples for 24 hours
(water extracts). Such modeling was carried out under static conditions (1:5 sample—
distilled water ratio) with recurring agitation, natural pH medium, and the temperature of
25 °C; pH (using the millivoltmeter pH-150MI) and total dissolved solids (using the
Zepter TDS meter) were determined in water samples together with CBA and OP. After
the water extracts data analysis, the samples were filled up with the distillate again in the
same ratios and left for 7 days. After 7 days the composition of the water extracts was
analyzed again.

Results and discussion. The analysis of the I’ ground sample has shown that the
content of CBA is 97.532 g/kg and the content of OP is 17.429 g/kg, which means that
adding extra emulsion based on PS-1 heavy oil residue results in a high level of organic
pollution of the forming monoliths. By comparison, soil samples are considered
uncontaminated at CBA content less than 10 g/kg and OP content less than 1 g/kg.
According to the IR spectrum data (IRS, fig. 1), the chloroform bitumen is represented by
mainly aliphatic and aromatic hydrocarbons with the subsidiary content of various
oxygen-containing compounds.



60 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 4. 2021 ISSN 0536-1028

The presence of intensive absorption band under 1458 cm™, conditioned by the
deformation vibrations of CH, methylene groups, indicate the prevalence of compounds
with polymethylene chains. Besides, the presence of aliphatic hydrocarbons in samples
explains the presence of a weak absorption band under 720 cm™! (CH,).

Table 3. Results of analytical studies of water extracts
Ta6auua 3. Pe3yabTaTbl aHATUTHYECKHUX UCCI€I0BAHUNA BOIHBIX BBITHKEK

Sample pH Ming;}éﬁgion’ CBA, mg/dm? OP, mg/dm?
24-hour contact rock-water
I (monolith no. 1) 6.32 4 0.89 <0.02
I' (ground sample no. 1) 6.70 28 0.89 <0.02
IT (monoliths no. 2 and 3) 6.29 4 0.80 0.02
I1I (monolith no. 4) 6.30 4 0.93 <0.02
7 day contact rock-water
I' (ground sample no. 1) 6.81 25 0.54 <0.02
IT (monoliths no. 2 and 3) 6.97 4 0.61 -
III (monolith no. 4) 6.95 3 0.61 -

The second most intensive absorption band under 1376 cm™! corresponds to the
deformation vibrations of terminal CH, methyl groups. Wide absorption band in the
range of 1200—1000 cm™' with two peaks under 1087 cm™! and 1013 cm™ is typical for
C—O-C bonds asymmetric stretch in simple ethers and acetals, and O—H bonds stretch in
alcohols and phenols. In the same area, there are weak absorption bands, carbonyl
compounds (ketones, aldehydes, carboxylic acids, and esters), the presence of which is
attested by the absorption band under1736 cm™.

Wide weak absorption band under 1600 cm™' is connected with the stretch of the
aromatic ring with the skeletal vibration of the aliphatic compounds with long double
bond conjugation systems. Plane deformation vibrations of these structures are recorded
under 870 cm™!. Heteroaromatic structures have an absorption band under 800 cm™.

The intensity of C=0 (1720 cm™) carbonyl group absorption band manifestation is
minor and lower than that of the methyl and methylene groups, which reflects a low
degree of bitumen oxidation: oxidation factor K, =1,,,/1,,,, = 0.1.

Laboratory modeling results show that the solubility of organic compounds is minor
(table 3).

It can be seen from the presented data that under the insignificant discharge of water-
soluble salts (total dissolved solids less than 25-28 mg/dm?), the content of CBA in
water extracts after 24-hour contact ranges between 0.80 and 0.93 mg/dm3. These
concentrations do not depend on the weight and surface area of the analyzed samples.
The content of oil products in water extracts is even lower, being not more than
0.02 mg/dm?, which is lower than the accepted fishery TLV (0.05 mg/dm?). The time of
water-rock contact increased up to 7 days hasn’t resulted in the increase of organic
compounds discharge into the water phase: CBA content has reduced to 0.54-0.61 mg/dm?
and the content of oil products is less than 0.02 mg/dm?.

According to IRS data of the 24-hours and 7 day water extracts CBA, the quality
content of aqua bitumen has not changed in this period (fig. 2).

IR spectra are characterized by a significant content of oxygen-containing compounds;
intensive absorption band under 1740 cm™! indicates the presence of carbonyl structures.
Within the interval of 1300-1000 cm™! (“ether band”), a vast “crest” with peaks under
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1024 cm™, 1098 cm™, 1168 cm™, and 1260 cm™' has appeared, which indicates the
presence of simple ethers, acetals, alcohols, and phenols with different hydrocarbon
skeletal structures (aliphatic and cyclic structures, including aromatic and heterocyclic) in

aqua bitumen.
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Fig. 2. IR spectra of water extracts CBA:
a — 24-hour contact; b — 7 day contact
Puc. 2. UK-cnextpsl XBA BOAHBIX BBITSIKEK:
@ — KOHTaKT 1 cyTKH; b — KOHTaKT 7 CyTOK

The intensity of absorption bands of methylene (1740 cm™! and 720 cm™!) and methyl
(1377 cm™") groups of aliphatic carbon chains is far less than that of the bitumen of rocks;
it indicates a minor scale of hydrocarbon compounds discharge into the water phase.
They can probably be connected with carbon skeletons of the heterocompounds, including
oxygen-containing. The content of oxygen-containing compounds dominates over the
hydrocarbon structures: oxidation factor K, = 1,,,,/1, 44, = 1.1-1.3.

The presented data show that during rock-water contact, polar oxygen-containing
compounds dissolve, while nonpolar hydrocarbons are confined in the mineral matrix.

Summary. The research results show that adding extra emulsion based on heavy oil
residue results in the creation of the organo-mineral mixture with hydrophobic properties,
determining a low solubility of hydrocarbon compounds in water. Precipitation leaching
of surfaces prepared with the use of emulsions based on heavy oil residue poses no threat
of excess organic pollution to the hydrosphere.
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IKkoJoruveckas OICHKAa BJIUSTHUSA npo«bnﬂaanquKoﬁ IMYJIbCUHU
N3 THIKEJIbIX He(l)TﬂHLIX OCTAaTKOB HA OPraHuvY€CKoO€ 3arpsi3HEHUE BOJX

Bauypun B. A.!, Komikapos B. E.2, Hesosiun /[I. I.2
! Tlepmckuii Genepanbubiii uccnenosarenbekuii nentp YpO PAH, IMepms, Poccust.
2 VpalbCKuii TOCYIapCTBEHHBIN YHUBEPCUTET TyTel cooOIenus, ExarepunOypr, Poccus.

Pegpepam
Beseoenue. K uuciy nepcnexmugHbix npupooooxpaHHbIX mexHON0SUL Npu 6e0eHUU OMKPLIMBIX 20PHbIX pabom
OMHOCUMCSL U3OIAYUSL NBUISIUUX NOBEPXHOCMEN NPODUIAKIMUYECKUMY IMYTbCUSMU U3 MSINCETbIX HEDMSHBIX
ocmamkog (THO). /[ns oyenxu sxonocuyeckol 6e30nacHocmu ucnoib3068aHust Maxkux amyIbCuti mpebyemcst
OYEHKA BOIMOINCHBIX MACUIMAO08 IMUCCUL OP2AHUYECKUX NOUIIOMAHMO8 8 MEXHO2EHHbIE NOMOKU PACCESIHUS,
Gopmupyowuecs npu 63aumMo0elicmeun ammoc@epHuix 0caokos ¢ nokpvimusmu Ha 6ase THO.
Iens pabomer. Oyernka macuimab0o8 8blUeIAUUSAHUSL OP2AHUYECKUX NOJUIIOMAHMOE NPU 63AUMOOCUCMEUl
ammocghepHvix 0cadkos ¢ nokpuimusamu Ha 6aze THO.
Memooduxa. Jlabopamoproe moodenupoganue gzaumooeticmsus oopasyos na baze THO c 6000ii u oyenka
Macumabos nepexo0a OpeaHuecKux coeOuHeHutl (bumymoudos u Hegpmenpooykmos) 6 600HYI0 Cpedy.
Peszynomameot. [Iposedennvle ucciedo8anus ROKA3AU, 4mMo 000a8ieHUe UZ0IUPYIOUiell CMeCU dIMYIbCULL U3
MAACENBIX HEPMAHBIX OCMAMKOE NPUBOOUM K POPMUPOBAHUIO OP2AHOMUHEPATbHOL cMecu, obradaiowel
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2uopoghobrviMuU ceoticmeamu. dmo onpeoeinsiem HU3KYIO PACMEOPUMOCHb Y2le8000POOHbIX COCOUHEHULL
6 800€ U He co30aem Yepo3bl CBEPXHOPMAMUBHO20 OP2AHUYECKO20 3A2PA3HEHUs 2UOPOChepbl.

Kniouesvie cnoea: omxpvimeie 2opHvie pabomvl; cpedcmed NblIeNOOA6IeHUs; U0AUPYIOuUe CMeCu;
mscenvle Hemsanvle OCIMAMKU, SMYIbCUL, BbIUeNAUUBAHUe; OP2AHUYeCKUe NOTIOMAHINbL.

Ananumuueckue Uccie006anHUA GbINOIAHEHbl 6 J1adopamopuu 2e0IK0102UH  20PHO000bIEAIOUUX
pezuonoe I'opnozo uncmumyma YpO PAH (ammecmam axkpeoumayuu Ne POCC RU.0001.517043).
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