
44   Изв. вузов. Химия и хим. технология. 2022. Т. 65. Вып. 1 

 

 

ИЗВЕСТИЯ ВЫСШИХ УЧЕБНЫХ ЗАВЕДЕНИЙ.  

Т  65  (1)  Серия «ХИМИЯ И ХИМИЧЕСКАЯ ТЕХНОЛОГИЯ»   2022 

V  65  (1)           ChemChemTech     2022 

 

 

DOI: 10.6060/ivkkt.20226501.6447 

УДК: 666.5:576.1 

ИССЛЕДОВАНИЕ ВЛИЯНИЯ СЕРНОКИСЛЫХ СОЛЕЙ 

 НА ПРОЦЕСС ОТСТАИВАНИЯ ГЛИНИСТОЙ СУСПЕНЗИИ 

О.С. Зубкова, А.И. Алексеев, В.М. Сизяков, А.С. Полянский 

Ольга Сергеевна Зубкова (ORCID 0000-0002-5833-528X)*, Алексей Иванович Алексеев,  

Виктор Михайлович Сизяков, Арсений Станиславович Полянский (ORCID 0000-0002-9791-9755)*  

Кафедра химических технологий и природных энергоносителей, кафедра металлургии, Санкт-Петербург-

ский горный университет, 21 линия В.О., 2, Санкт-Петербург, Российская Федерация, 199106 

E-mail: zubkova-phd@mail.ru *, 4alexeev@mail.ru, siziakov_vm@pers.spmi.ru, Arseniy34@yandex.ru * 

Предприятие ПАО «Севералмаз» занимается разработкой алмазного месторож-

дения вблизи природоохранной зоны, следовательно, требует обеспечения эффективной и 

безопасной технологии добычи полезных ископаемых. Для разработки и внедрения данной 

технологии были отобраны пробы оборотной и карьерной воды на предприятии и подвер-

жены рентгенофазовому, рентгенофлуорисцентному и гранулометрическому анализу. На ос-

новании результатов этих анализов были подобраны и разработаны коагулянты, способные 

превратить огромную массу пустой породы, производимой предприятием, во вторичный 

продукт. Применение сульфатов щелочных металлов для разделения глинистых тонкодис-

персных частиц, представленных преимущественно сапонитом, является довольно перспек-

тивным. Измерены скорость осаждения и изменение кислотности суспензии, а также про-

изведено сравнение с традиционными коагулянтами. Осадки, обработанные сульфатами ще-

лочных металлов, подвергли рентгенофазовому и рентгенофлуорисцентному анализу, а 

также предположили возможный механизм процесса уплотнения частиц. Сапонит -глини-

стый минерал монтморилонитовой группы, содержащий большое количество магния, обла-

дающий сорбционными свойствами. Получаемые в ходе разработки минеральные глинистые 

осадки являются перспективным сырьем для целого ряда вторичных продуктов. Частицы 

сапонита, вследствие их геометрических и физико-химических характеристик, образуют 

крайне устойчивую к седиментации суспензию. Применение сульфатов щелочных металлов 

оказывается существенно эффективнее, чем применение традиционных промышленных ко-

агулянтов, а применение кальцийсодержащих шламов в качестве утяжелителей позволяет 

интенсифицировать процесс. Получаемые осадки содержат достаточное количество калия 

и магния для создания на основе сапонитового осадка минерального калий-магниевого удоб-

рения, высушенная глина может служить основой для морозостойкого бетона. 
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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.  
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INTRODUCTION 

The development of closed production cycle 

enterprises is a major concern of modern industry and 

especially it is significant for mineral resources min-

ing, which causes strong environmental contamination, 

technogenic catastrophes [1-3]. The Lomonosov dia-

mond deposit is the main source of diamonds in the 

North of the European part of Russia. The mining pro-

cess is carried out in difficult natural conditions, with 

poor regional infrastructure. This makes the water pu-

rification problem significant and requires a complex 

solution of all problems with maximum possible bene-

fit and less possible environmental influence. 

The main related minerals in diamond mining 

are light clay fine minerals: dolomite, kaolinite, sapo-

nite, serpentine, which make up about half the mass of 

the entire extracted ore [4]. Most of those clay particles 

do not settle under gravity influence and form a stable 

suspension in the entire volume of cycle water. Ap-

plied water treatment technology is insufficient. The 

suspended particles concentration in the tailings pond 

increases annually and reduces the quality of cycle wa-

ter, which leads to premature overflow of the tailings 

pond, and increases the risk of a technogenic disaster. 

A complex and efficient solution to those problems is 

required for industrial application with water purifica-

tion facility and waste rock recycling technology to ne-

gate all environmental damage of diamond mining [4-6]. 

The efficiency of quarry water treatment for 

the industry is determined by the rate of suspension 

sedimentation or by the amount of purified liquid. For 

well-condensed sediments, the liquid content is char-

acterized by the ratio L:S (liquid: solid) is equal to 1:2. 

However, for saponite suspension, this ratio is equal to 

8:1. One of the methods for breaking the stability of 

the suspension is the addition of electrolytes. Electro-

lytes decrease the surface potential of suspended parti-

cles and enhance subsequent sedimentation of the sus-

pension. Therefore, the use of strong salts as coagu-

lants is a promising solution to a problem [7]. 
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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): 

𝑤ос = 𝑘
𝑑2(𝜌−𝜌с)𝑔

18𝜇с
  (1) 

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

𝑣0 =
𝐻1

𝑡кр
              (2) 

The average deposition rate is calculated using 
formula (3): 

𝑣𝑖 =
𝐻𝑖

𝑡𝑖
            (3) 

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 
5.81·10-17 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 µm, 
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 

Таблица 1. Химический состав проб взвесей оборотной воды в пересчете на оксиды 

Sample 
Concentration, mass.%  

SiO2 MgO Fe2O3 Al2O3 CaO K2O Na2O Other 

Suspended particles of cycle 
water 

53.9 26.25 7.3 5.59 2.56 1.59 1.23 1.58 

 

 
Fig. 1. X-Ray spectrum of suspended particles: 1 – kaolin; 2 – serpentine; 3 – saponite; 4 – dolomite;5 - beidellite 

Рис. 1. Рентгенограмма взвесей оборотной воды: 1 –каолин; 2 –серпентин; 3 –сапонит; 4 –доломит; 5 – бейделит 
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Fig. 2. Height of purified liquid during an experiment. 1– K2SO4; 

2 – Na2SO4; 3 –CaSO4 

Рис. 2. Высота столба осветленной жидкости во время экспе-

римента. 1– K2SO4; 2 – Na2SO4; 3 – CaSO4 

 

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-

lytes 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 Тable 3 and Fig. 3. 

 
Table 2 

Chemical composition of sediment after coagulant treatment in terms of oxides 

Таблица 2. Химический состав осадка после обработки коагулянтами в пересчете на оксиды 

Settled sample 
Composition, mass.% 

SiO2 Al2O3 Fe2O3 SO3 K2O MgO CaO NaO Other 

K2SO4 35.9 3.4 6.6 15.0 18.0 17.1 1.6 1.0 2.4 

Na2SO4 36.1 4.4 8.7 14.8 2.4 18.3 1.7 16.9 13.6 
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Fig. 3. Mechanism of water release at potassium sulfate treatment 

Рис. 3. Механизм высвобождения воды при обработке сернокислым калием 

 
Table 3 

Presipitation rates and acidity of purified water at coagulant treatment 

Таблица 3. Скорости осаждения, кислотность воды при обработке коагулянтами 

Coagulant 

3g/l 

Avg. settlement rate Optimalsettlement rate pH 

With additive, 

sm/min 

w/o additive, 

sm/min 

With additive, 

sm/min 

w/o additive, 

sm/min 

With addi-

tive 

w/o addi-

tive 

K2SO4 0.057 0.041 0.061 0.042 9.15 8.87 

Na2SO4 0.039 0.028 0.038 0.28 9.48 9.06 

 

CONCLUSION 

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-

ment was studied using X-ray methods. The granulo-
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-
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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. 

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]. 
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