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Ilpeonpusamue IIAO «Cegepanmas» 3aHumaenmcsa pazpadomKoil aimMazHoz0 Mecnopoiic-
Oenusa ¢6auU3U NPUPOOOOXPAHHOIL 30Hbl, C1E€006amMeNbHO, mpedyem obecneuenusn IPhexmusnon u
0e3onacHoil mexnoaozuu 000bIuU NONEIHBIX ucKonaemvix. /na paspadbomku u eHeOpeHus OAHHOU
mexHo02un OblIU OMOOPAHbL NPOOBI 00OPOMHOIL U KAPbEePHOU 800bl HA NPEONPUAMUU U ROOGeED-
JHCEHBL PEHMZEHOPA3080MY, PEHM2EHOPYOPUCYECHIMHOMY U ZPAHyIoMempudeckomy ananusy. Ha oc-
HOGAHUU PE3YIbMAMO6 IMUX AHAIUZ06 ObLAU NOOOOPAHBL U PA3PAOOMAHBL KOA2YIAHMbL, CHOCOOHbIE
npeepamums 0ZPOMHYI0 MACCY NYCHOU ROPOObl, NPOU3EOOUMOIL NPEONPUAMUEM, 60 GMOPUUHbLIL
npodykm. Ilpumenenue cynivhamos wienouHbIX Memanioe 0isa pazoeaeHus 2AUHUCMBIX HMOHKOOUC-
REPCHBIX Yacmuy, NPeOCMagIeHHbIX NPEUMYU,ECIEEHHO CANOHUMOM, AGIACHCA 00601bHO NEPCNEK-
mueHbIM. HU3Mepenvl cKopocmy 0Ca)rcOenus u u3MeHeHue KUCAOMHOCHU CYCREH3 UL, 4 MaKice npo-
U36e0eHO cpasHenue c mpaouyuoHnsIMu Koazyaanmamu. Ocaoku, oopadbomannvie cynvgamamu wje-
JIOYHBIX MEmajios, no06epziu PEeHMeHOPA3060My U PEHMZEHOPAYOPUCUEHMHOMY AHATU3ZY, 4
maksice nPeOnON0IHCUNIU 603 MOIICHBLIL MEXAHUIM npoyecca ynaomuenus yacmuy. Canonum -2nunu-
CMbLIL MUHEPATI MOHMMOPUTIOHUM OG0T ZDYNNBL, COOEPIHCAUUTL DOIbULOE KOJIUYECH 80 MAZHUA, 001a-
oarouuii copoyuoHnvIMU ceoticmeamu. Ilonyuaemoie 6 x00e pazpadbomku MUHEPANbHBIE 2TIUHUCHbLE
0CAO0KU AGNAIOMCA NEPCHEKMUBHBIM CHIPbEM OJ1A Uel020 PAOA 6MOPUYHBIX npodyKkmos. Yacmuuywl
Canonuma, 6cie0cmeue uUx 2eOMEempuiecKux u QuU3uKo-XuMuuecKux XapaKkmepucmux, oopasyiom
KpaitHe ycmouuugylo K ceOumenmayuu cycnensuio. Ilpumenenue cynvhamog wenounvix memanioe
OKAa3bl6ACHICA CYUeCMEeHHO IPPekmusnee, Uem npumeHeHue mpaouuoOHHbIX NPOMbBLULIECHHBIX KO-
aZyNIAHMOG, 4 NPUMEHEHUE KANbUUIICOO0EPHCAUUX WINAMOB 6 Kauecmee ymaxceaumerneil no3eonsiem
unmencuguuyupogams npoyecc. Ilonyuaemvie ocadku cooepicam 00cmamounoe KOIuUecmeo Kanus
U MAazHusA 015 CO30AHUA HA OCHOBE CANOHUMO0B020 0CAOKA MUHEPATIbHO20 KAUL-MAZHUEBO20 YO0D-
DeHUA, BLICYWIEHHAA 2IUHA MONCEM CTLYIHCUMb OCHOGOIL 07151 MOPO30CMOUKO20 Oemona.
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PCSJ ""Severalmaz" is a diamond mining enterprise near nature reserve areas. Ttherefore,
it requires the provision of effective and safe mining technology. For the development and imple-
mentation of this technology, samples of recycled and quarry water were taken at the enterprise
and subjected to X-ray phase, X-ray fluorescence, and granulometric analysis. Based on the results
of these analyses, coagulants were selected and developed that can turn a huge mass of waste rock
produced by the enterprise into a secondary product. The use of alkali metal sulfates for the sepa-
ration of clay fine particles, represented mainly by saponite, is quite promising. The deposition rate
and changes in the acidity of suspension were measured and compared with traditional coagulants.
Precipitate treated with alkali metal sulfates was investigated by X-ray phase and X-ray fluores-
cence analysis, and a possible mechanism of the sediment compression was suggested. Saponite is
a clay mineral of the montmorillonite group that contains a large amount of magnesium and has
sorption properties. The mineral clay sediments obtained during the mining process are promising
raw materials for a number of secondary products. Saponite particles, due to geometric and phys-
ico-chemical characteristics, form an extremely resistant to sedimentation suspension. Application
of alkali metal sulfates is significantly more effective than traditional industrial coagulants, and
additional treatment of calcium-containing slurries as weighting agents allows to intensify the pro-
cess. The resulting sediments contain a sufficient amount of potassium and magnesium to create a
mineral potassium-magnesium fertilizer based on saponite sediment, also dried clay can serve as
the basis for frost-resistant concrete.

Key words: diamond, saponite, coagulation, sodium sulfate, potassium sulfate, precipitation rate

suspended particles concentration in the tailings pond
increases annually and reduces the quality of cycle wa-

The development of closed production cycle  ter, which leads to premature overflow of the tailings
enterprises is a major concern of modern industry and  pond, and increases the risk of a technogenic disaster.
especially it is significant for mineral resources min- A complex and efficient solution to those problems is
ing, which causes strong environmental contamination,  required for industrial application with water purifica-
technogenic catastrophes [1-3]. The Lomonosov dia-  tjon facility and waste rock recycling technology to ne-
mond deposit is the main source of diamonds in the  yate a1 environmental damage of diamond mining [4-6].
North of the European part of Russia. The mining pro- The efficiency of quarry water treatment for
cess is carried out in difficult natural conditions, with 4, industry is determined by the rate of suspension
poor regional infrastructure. This makes the water pu-  coqimentation or by the amount of purified liquid. For
rification problem significant and requires a complex yoj1_condensed sediments, the liquid content is char-
solution of all problems with maximum possible bene- 5 terizeq by the ratio L:S (liquid: solid) is equal to 1:2.

fitand I?ﬁ; poss-lble :arlv:jronmentfll !nf(ljgence. 4 mini However, for saponite suspension, this ratio is equal to
light Ie rr}gm relate Imlr(;erla S 'Itn ll(amlc.m.t MINING 51, One of the methods for breaking the stability of
are fignt clay fine minerals. dolomite, Kaolinite, sapo- -, suspension is the addition of electrolytes. Electro-

nr:te, se_rpentlne, V\&h'Ch n;aklt\e/lup at}mrj]t halflthe ma_sslof Iytes decrease the surface potential of suspended parti-
the entire extracted ore [4]. Most of those clay particles cles and enhance subsequent sedimentation of the sus-

do not settle under gravity influence and form a stable pension. Therefore, the use of strong salts as coagu-

suspension in the entire volume of cycle water. Ap- lants is a promising solution to a problem [7].
plied water treatment technology is insufficient. The

INTRODUCTION
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Chemical composition of suspension was in-
vestigated and coagulant with weighting additive
based on its properties and structure was chosen to ob-
tain the maximum amount of purified water, as well as
solid product with prospective properties for its sec-
ondary application [8]. A weighting additive that en-
hances sedimentation rate was found and tested, and
methods of minimizing environmental damage from
the facility were considered.

METHODS

Samples of recycled water were taken from
water-reducing wells that supply the processing plant
with water from the tailings pond.

The granulometric composition of suspended
minerals was obtained using the Horiba LA-950 laser
express particle size distribution analyzer.

The mineral and chemical composition of the
particles and the resulting sediment were analyzed us-
ing an XRD-7000 X-ray diffractometer [9], and the re-
sults were analyzed using an integrated database [10],
tables by Feklichev [11] and Micheev [12].

Cycle water samples with a suspension content
of 40 g/l were selected in 1-liter graduated cylinders.
The pH value of the sample water was measured and
equal to 8.61. Different amount of coagulant (1, 3,5 g)
was added in 3 cylinders with stirring, then the sapo-
nite suspension settled under static conditions. The
deposition process lasted for 8 h, and the height of the
purified liquid was measured at 30 min intervals. A
similar experiment was performed with the introduc-
tion of calcium-containing weighting additives, which
were added at first 30 min after the coagulant applica-
tion.

The deposition rate of an untreated clay min-
eral, taking into account the laminar flow regime of the

liquid, is calculated with sufficient accuracy using the
Stokes formula (1):
2(p—
_ kd (p=Pg )

Woe = 18,
The optimal value of the deposition rate is cal-
culated using formula (2):

vy == 0)

Kp
The average deposition rate is calculated using

formula (3):
H;
V; = t_L

@)
RESULTS AND DISCUSSION

The main efficiency index, as mentioned
above, is the deposition rate of suspended particles. For
an untreated suspension, the velocity is calculated by
equation (1), and for plate particles (k = 0.32), it is
5.81-10"*" m/s, which indicates the existence of a stable
suspension, which is not affected by natural precipita-
tion under gravity force [14, 15].

The concentration of montmorillonite group
particles in the tailings pond varies from 40 g/l at the
surface to more than 200 g/l at a depth near 2 m. The
cycling water taken for enrichment contains from 1 g/l
to 270 g/l of mineral particles. More than 50% of the
suspended particles have a size of less than 2 pum,
which refers to the fine fraction of the mineral. The
chemical composition of suspended particles in recy-
cled water is shown in Table 1, and the X-ray spectrum
of suspended particles is shown in Fig. 1. The sus-
pended mineral particles of the cycle water contain a
sufficient amount of magnesium according to its chem-
ical composition shown in Table 2 for application as a
raw material for magnesium-potassium fertilizer.

Table 1

Chemical composition of cycle water samples in terms of oxides
Tabnuya 1. Xummndeckuii cocTap npod B3Beceii 000pOTHOII BO/IBI B NepecyeTe HA OKCH/IbI

Concentration, mass.%

Sample Si0, | MgO | Fe05 | ALO; | CaO | KO | NaO | Other
Suspended particles of cycle| g | 55 o5 73 559 | 256 | 159 | 1.23 1.58

water
800 1 3

2 4
400—5 5
200—5
0 T LI I L L L L L
10 z0 30 40 50 &0

Fig. 1. X-Ray spectrum of suspended particles: 1 — kaolin; 2 — serpentine; 3 — saponite; 4 — dolomite;5 - beidellite
Puc. 1. PertreHorpamma B3Beceil 000poTHO# Boabl: 1 —KaonuH; 2 —CepIEeHTHH; 3 —CAallOHUT; 4 —I0JIOMUT; 5 — Oeinenut
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Fig. 2. Height of purified liquid during an experiment. 1— K2SOx;
2 — Na2SO0q4; 3 -CaS04
Puc. 2. BeicoTa cTos16a OCBETJICHHOI KHIKOCTH BO BpeMsl dKCIIC-
pumenTa. 1— K2SOq4; 2 — Naz2SOg4; 3 — CaSOq4

0.S. Zubkova et al.

A salt formed by strong acid and base, used as
coagulant has a complex effect on the saponite mineral.
Due to the complete dissociation and the higher elec-
trical and chemical activity of alkali metals, these com-
pounds probably cause the substitution of magnesium
and calcium ions for potassium and sodium in the DL
(Double Layer) of micelles formed by the mineral.
This substitution reduces EDL (Electric Double Layer)
of formed micelles, which leads to a release of con-
nected water and the mineral salts formed by electro-
Iytes as presented in Fig. 2. This provides a much
greater water output, relative to other types of coagu-
lants. The formation of poorly soluble calcium sulfate
also contributes to the agglomeration centers' for-
mation and thus enhances sedimentation. Particle con-
nection by insoluble sulfates reduces the factor of
waste rock dust storms. The deposition rates for the use
of potassium and sodium sulfate, as well as the pH of
purified water, are shown in Table 3 and Fig. 3.

Table 2
Chemical composition of sediment after coagulant treatment in terms of oxides
Tabauya 2. XuMHU4YeCKUH COCTAB 0Ca/iKa nocjie 00padoTKM KOaryJsiHTaMHU B IiepecyeTre Ha OKCH/IbI
— o
Settled sample . Composition, mass.%
SiO, Al,O3 Fe,O3 SO3 K20 MgO CaO NaO Other
K2S04 35.9 3.4 6.6 15.0 | 18.0 17.1 1.6 1.0 2.4
NaxSO4 36.1 4.4 8.7 14.8 2.4 18.3 1.7 16.9 13.6
— --n — —-n
O, 0]
Nsie O~si Nsie O~gi
I O | I O |
o_l _©O Ol A-© ;
O/Ar'\o mK{Na, Mg, Ca, H30)+K,50,—| o~ o MK (Na)*MgSO4+H0 +CasO,
. O ] . O
5N Si AN Si
(@) O/ \O O O/ \O

Fig. 3. Mechanism of water release at potassium sulfate treatment

Puc. 3. MexaHu3M BBICBOOOKIECHHUS BOABI TPU 00pabOTKE CEPHOKHCIIBIM KalueM

Table 3
Presipitation rates and acidity of purified water at coagulant treatment
Tabnuya 3. CKOPOCTH OCaKAeHNs, KHCIOTHOCTH BOABI NPU 00padoTKe KOATYJISHTAMHU
Coagulant _ Av_g._ settlement rate _ _ Opti_malsettlement ratg _ _ _pH _
3g/1 With add_ltlve, w/o addl_tlve, With add_ltlve, wi/o addl_tlve, Wlth addi- W/o_addl—

sm/min sm/min sm/min sm/min tive tive

K2S04 0.057 0.041 0.061 0.042 9.15 8.87

Na,SO4 0.039 0.028 0.038 0.28 9.48 9.06
CONCLUSION ment was studied using X-ray methods. The granulo-

Investigation of suspended saponite particles
precipitation process efficiency enhancement from re-
cycled water has been carried out. The mineral compo-
sition of the initial suspension and the resulting sedi-

ChemChemTech. 2022. V. 65.N 1

metric composition of suspensions is typical for fine
suspensions and these particles are resistant to sedi-
mentation. To increase the efficiency of purification
according to the composition of mineral particles, po-

47



0O.C. 3ybOxoBa u 1p.

tassium and sodium sulfates were selected as coagu-
lants and calcium aluminocarbonates as weighting ad-
ditives for sedimentation studies of suspended particles
by the described method. The amount of obtained pure
water by sulfates treatment increased by 200% com-
pared to standard coagulants [14, 15], also there is no
such strong pH shift (table 3) [15].

Further studies of the electrochemical mecha-
nism of suspension destabilization and, in particular,
changes in the surface potential, as well as changes in
the sediment composition, allow us to determine the
most efficient method of precipitation of the solid par-
ticles from cycle and quarry water of the Lomonosov
processing plant and form a promising recyclable con-
densed product, as well as purified cycle water with the
required characteristics for the ore processing. Appli-
cation of strong electrolytes also requires the establish-
ment of closed water cycling for future nature conser-
vation in the mining area or further complex purifica-
tion, due to the accumulation of sulfates in the recycled
water during sulfate treatment and the discrepancy in
the content of other chemical elements.
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Treatment of water with potassium sulfate at
the Lomonosov processing plant has several prospects.
The accumulation of sulfates in water within a closed
water cycle may reduce the consumption of coagulant
for cleaning, also it may increase the efficiency of the
purification process, and waste rock dumps of calcium-
containing minerals from nearby enterprises could be
used as weighting additives sources [4,7], but these
statements require further investigation for commercial
evaluation. The resulting sediment has a sufficient
amount of magnesium and potassium in its structure,
which makes saponite a promising raw material for the
production of fertilizers for recovering lands fertility
(Table 2) [4,8, 16, 17, 18]. Dry saponite and kaoline
clays can also be applied as construction material or
sorbent [7, 16, 19, 20].

The authors declare the absence a conflict of
interest warranting disclosure in this article.

A6m0pbl 3as615a10m 00 omcymcmeuu KOH-
@auxma unmepecos, mpedyroue2o packpvimus 8 0aH-
HOU cmambe.

REFERENCES

1. Kogan V.E., Shahparonova T.S. Chemistry as a basis for solv-
ing environmental problems. Zapiski Gorn. In-ta. 2017. V. 224.
P. 223 — 228 (in Russian). DOI: 10.18454/pmi.2017.2.223.

2. Trushko V.L., Utkov V.A., Bazhin V.Y. Topicality and possi-
bilities for complete processing of red mud of aluminous produc-
tion. Zapiski Gorn. In-ta. 2017. V. 227. P. 547-553 (in Russian).
DOI: 10.25515/PM1.2017.5.547.

3. Kondrasheva N.K., Rudko V.A., Kondrashev D.O.,
Shakleina V.S., Smyshlyaeva K.l., Konoplin R.R,
Shaidulina A.A., Ivkin A.S., Derkunskii 1.0., Dubovikov
O.A. Application of a ternary phase diagram to describe the
stability of residual marine fuel. Energy Fuels. 2019. V. 33.
N 5. P. 4671-4675. DOI: 10.1021/acs.energyfuels.9b00487.

4. Pashkevich M.A., Petrova T.A., Rudzhisha E. Ligin
sludge application forest land reclamation: feasibility assess-
ment. Zapiski Gorn. In-ta. 2019. V. 235. P. 106-112 (in Rus-
sian). DOI: 10.31897/pmi.2019.1.106.

5. Sizyakov V.M. Brichkin V.N. About the role of hydrated cal-
cium carboaluminates in improving the technology of complex
processing of nephelines. Zapiski Gorn. In-ta. 2018. V. 231.
P. 292-298 (in Russian). DOI: 10.25515/pmi.2018.3.292.

6. Makarov V.N., Ugolnikov A.V., Makarov N.V. Optimization
of geometrical parameters of the hydro-cyclone inertial Venturi
separator. Zapiski Gorn. In-ta. 2019. V. 240. P. 638-648. DOI:
10.31897/pmi.2019.6.638.

7. Tutygin A.S., Aizenshtadt A.M., Shinkaruk A.A., Frolova
M.A., Makhova T.A., Bobrova M.P. Clarification of sapo-
nite-containing suspension using electrolytic coagulation.
Voda: Khim. Ekolog. 2013 N 5. P. 93-99 (in Russian).

8. Tutyhin A.S., Aizenshtadt M.A., Aizenshtadt A.M., Ma-
khova T.A. Influence of electrolyte nature on the coagulation
of saponite-bearing clay minerals. Geoekologiya. Inzh. Geol.
Gidrogeol. Geokriol. 2012. N 5. P. 470-474 (in Russian).

U3B. By30B. Xumus u xum. texsosorus. 2022. T. 65. Bein. 1



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Yeoan A.JO. TexHonorus paspaboTKH CIOKHOCTPYKTYPHOTO
MECTOPO’K/ICHHS allaTHTOB M BHIEMOYHO-COPTHPOBOYHBII KOM-
IUIeKC Uit ee ocyiuectiuenus. 3anucku Iopn. un-ma. 2019.
T. 238. C. 399-404. DOI: 10.31897/pmi.2019.4.399.
Kamemxor A.B., Konnpamesa H.K., I'agayinxakos P.P.,
Pynxo B.A. CpaBHeHHE KOKCOBBIX J00aBOK HOJyYEHHBIX U3
Pa3IMYHBIX THIOB HE(TSIHBIX OCTATKOB. [[eemmubie Memanul.
2020. Ne. 10. C. 35-42. DOI: 10.17580/tsm.2020.10.05.
WnrerpupoBanHas 6a3a JaHHBIX CIIEKTPOB KOMOWHAIIMOH-
HOTO PaccestHus, TaHHBIX TU(PPAKIINY PEHTI€HOBCKUX JIydei
U XMMUHM AJIs1 MUHEPaJoB. [ DIeKTpoHHbIH pecypc] — Pexxum
nomycka: https://rruff.info/.

®éximyes B.I'. [luarHocTryeckne KOHCTaHTHI MHHEPAJIOB.
M.: «Henpa». 1989. 480 c.

Muxees B.U. PenTreHoMeTpUUECKH ONIpeNeNnnUTENb MUHE-
pasnoB. M.: THTU nur-psl o reostoruu u oxpane Hezap. 1957.
870 c.

AunexceeB A.U., Yypkuna O.C., Jlonatuna A.B. Xumuko-
TEXHOJIOTHYECKHE OCHOBBI ITOJTYYSHUS ¥ IPUMEHEHHST OKCH-
XJIOpUIHOTO KoaryisHTa. COOpHUK CTaTei MO UTOraM KOH-
¢epennuu LXVI MexxayHap. Hayd.-TipakT. KoHG «Hayunas
IVICKyCCHUS: MHHOBAILlMH B COBpEMEHHOM mupe». Ne 6 (65).
M.: U3n. «Murtepuayka». 2017. C. 12-20.

AuexceeB A.U., 3yoxosa O.C., Iloassuckuii A.C. Ycosep-
[ICHCTBOBAaHUE TEXHOJIOTHH OOOTaIlleHNs] CallOHH-TOBOM
PYABI B ITporiecce T00bIYH anMasoB. M36. 6)306. Cesepo-Kas-
kas. pee. mexu. nayku. 2020. T. 205. Ne 1. C. 74 - 80. DOI:
10.17213/1560-3644-2020-1-74-80.

Mamkesuy ML.A., Asiekceenko A.B. IlepcriekTuBbl IOBTOp-
HOI'0 HCIIOJIB30BaHMA XBOCTOB aJIMa3HOW ITIMHBI Ha JIoMOHO-
cOBCKOM Mectopoyknennu Ha Cesepo-3amane Poccun. Mune-
panwt. 2020. Ne 10. C. 517 — 534. DOI: 10.3390/min10060517.
Pomanos E.M., HakBacuna E.H., Kocapesa E.H. IIpume-
HEHUE BOJJHOW CYCIICH3MH CAllOHNTa Ha JAEePHOBO-CIa00Io -
30JIUCTOI CymnecyaHOH OKYJIbTYpeHHOW IOUBE B KadyecTBE
menmopanTa. Becmu. Kpacl’AY.2020. T. 161. Ne 8. C. 9 - 17.
DOI: 10.36718/1819-4036-2020-8-9-17.

Hakpacuna E. H., Pomanos E.M., llladanosa E.H., Ko-
capesa E.H., Kononos O.l. [Ipumenenue carnoHuT-coaep-
JKAIINX MaTEPUAJIOB B KaUeCTBE MUHEPAJIBHOTO YIOOpPECHHS
IIPY BBHIPAIIMBAHUK KapTodens B ApXaHreabCKol o0iacTu.
Becmu. Kpacl’AY. 2019. Ne 1. C .60 - 68.

Haropuos P.C., Pazrosopos ILb., JlenuioBa A.M., Ctpora-
noBa FO.U., Cmupnos IL.P., KouerkoB C.II. lansmas akru-
BaIWsT MOJIMMIHEPAITBHOTO COPOEHTA U e BIMSTHHE Ha MPOIEce
OYHCTKH MAaCcJIOCOIEPIKAIIHX CPEJl OT MPUMECHBIX HHTPEIUEHTOB.
U3e. 8y308. Xumus u xum. mexronozus. 2017. T. 60. Beim. 8.
C. 53 —59. DOI: 10.6060/tcct.2017608.5618.

Jmurtpenko 0.A., CrapocButckuii O.B., MamueHko
A.B. ITony4eHne GpU3n0IOTHYECKU TOJHOLCHHON MUTHEBOI
BOJIbI C TIOMOIIBIO CATIOHUTA. H36. 6)306. Xumust u xumute-
ckasi mexnonozeusi. 2014. T. 57. Bem. 10. C. 92 — 93.

ChemChemTech. 2022. V. 65.N 1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

0.S. Zubkova et al.

Cheban A.Yu. Engineering complex structure appatite de-
posits and excavating-sorting equipment for its implementa-
tion. Zapiski Gorn. In-ta. 2019. V. 238. P. 399-404 (in Rus-
sian). DOI: 10.31897/pmi.2019.4.399.

Kameshkov A.V., Kondrasheva N.K., Gabdulkhakov R.R.
Rudko V.A. Comparison of coking additives obtained from
different types of oil stock. Tsvetnye Metally. 2020. N 10.
P. 35-42 (in Russian). DOI: 10.17580/tsm.2020.10.05.
Integrated database of Raman spectra, the data of X-ray dif-
fraction and chemistry of minerals. https://rruff.info/. (in
Russian).

Feklichev V.G. Diagnostic constants of minerals. M.:
"Nedra". 1989. 480 p. (in Russian).

Mikheev V.I. Radiometric determinant of minerals. M.:
GNTI lit-ry po geologii i okhrane nedr. 1957. 870 p. (in Russian).
Alekseev A.l., Churkina O.S., Lopatina A.V. Chemical
and technological bases for obtaining and applying oxychlo-
ride coagulant. Collection of articles on the results of the con-
ference LXVI international. scientific and practical confer-
ence "Scientific discussion: innovations in the modern
world". N 6 (65). M.: Izd-vo "Internauka". 2017. P. 12-20 (in
Russian).

Alexeev A.l., Zubkova O.S., Polyanskiy A.S. Improving
the technology of enrichment of saponiteore in the process of
diamond mining. lzv. Vuzov. Severo-Kavkaz. Reg. Tekhn.
Nauki. 2020. V. 205. N 1. P. 74 — 80 (in Russian). DOI:
10.17213/1560-3644-2020-1-74-80.

Pashkevich M.A., Alekseenko A.V. Reutilization prospects
of diamondclay tailings at the Lomonosov mine, Northwest-
ern Russia. Mineraly. 2020. N 10. P. 517 — 534 (in Russian).
DOI: 10.3390/min10060517.

Romanov E.M., Nakvasina E.N., Kosareva E.N. Applica-
toin of water suspension of saponite on sod-weak podzolic
loamy sand continuous-cultivated soil as ameliorant. Vestn.
KrasGAU. 2020. V. 161. N 8. P. 9 — 17 (in Russian). DOI:
10.36718/1819-4036-2020-8-9-17.

Nakvasina E.N., Romanov E.M., Shabanova E.N., Kosareva
E.N., Kononov O.D. The use of saponite-containing materials
as mineral fertilizers at the cultivation of potatoes in Arkhangelsk
region. Vestn. KrasGAU. 2019. N 1. P. 60 — 68 (in Russian).
Nagornov R.S., Razgovorov P.B., Lepilova A.M., Stroga-
nova Yu.l., Smirnov P.R., Kochetkov S.P. Gentle activa-
tion of polymineral sorbent and its influence on cleaning pro-
cess of oil-containing media from impurity ingredients.
ChemChemTech [lzv. Vyssh. Uchebn. Zaved. Khim. Khim.
Tekhnol.]. 2017. V. 60. N 8. P. 53—59 (in Russian). DOI:
10.6060/tcct.2017608.5618.

Dmitrenko Yu.A., Starosvitskii O.V., Mamchenko A.V.
Obtaining a physiologically adequate drinking water with
help of saponite. ChemChemTech [lzv. Vyssh. Uchebn.
Zaved. Khim. Khim. Tekhnol.]. 2014. V. 57. N 10. P. 92 - 93
(in Russian).

Iocmynuna 6 peoaxyuro 19.05.2021
Ipunsima k onybnuxosanuro 19.11.2021

Received 19.05.2021
Accepted 19.11.2021

49



