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STudy On effecT Of SInTeRInG cOndITIOnS 
On expLORaTIOn Of BaRITe Raw MaTeRIaLS 

abstract. The object of works has been the barite-bearing technogenic wastes. These wastes have been not recycled yet. A promising solution to the issue 
is to explore the raw materials with the chemical methods, in particular, by a method of ammonium fluorosulfate desiliconization. The partial dependences of 
the raw material exploration on temperature, sintering time and consumption of the exploring reagents have been obtained. Based on the partial dependencies, a 
mathematical model of the sintering as a generalized multifactor equation has been created. This equation has determined the optimal conditions to explore the 
barite raw materials. A scheme of ammonium fluorinesulfate exploration of the barite raw materials has been developed.

Key words: technogenic wastes, final tailings, concentration, leaching, desiliconization, barite raw materials, exploration of raw materials, silicon-bearing 
minerals, barite-polymetallic ore, sintering.

Барит шикізатының ашылуына бірігу жағдайларының әсерін зерттеу
Аңдатпа. Жұмыс объектісі – Қарағайлы кен байыту фабрикасының құрамында барит бар техногендік қалдықтар. Минералогиялық құрамы күрделі 

болғандықтан құрамында барит бар қалдықтарды өңдеу мәселесі күрделі болып табылады. Мәселені шешудің перспективалы жолы – шикізатты 
химиялық әдістермен ашу. Ашудың математикалық моделін құру және процестің оңтайлы шарттарын анықтау мақсатында фторидпен және аммо-
ний сульфатымен біріктіру арқылы барит шикізатын ашу бойынша зерттеулер жүргізілді. Шикізатты ашудың температураға, біріктіру уақытына 
және ашу реагенттерінің шығынына ерекше тәуелділіктері алынған. Жартылай тәуелділіктер негізінде жалпыланған көпфакторлы теңдеу түріндегі 
біріктіру процесінің математикалық моделі алынды, оған сәйкес барит шикізатын ашудың оңтайлы шарттары анықталды. Барит шикізатын фторсульфат 
аммонийді ашу схемасы әзірленді.

Түйінді сөздер: техногендік қалдықтар, үйінділік қалдықтар, байыту, сілтісіздендіру, кремнийсіздендіру, бариттік шикізат, шикізатты ашу, 
кремнийлі минералдар, барит-полиметалл кені, біріктіру.

Исследование влияния условий спекания на вскрытие баритового сырья
Аннотация. Объектом работ являются баритсодержащие техногенные отходы Карагайлинской обогатительной фабрики. Проблема переработки 

баритсодержащих отходов состоит в сложном минералогическом составе. Перспективным решением проблемы является вскрытие сырья химическими 
методами. Проведены исследования вскрытия баритового сырья спеканием с фторидом и сульфатом аммония с целью построения математической 
модели вскрытия и определения оптимальных условий проведения процесса. Получены частные зависимости вскрытия сырья от температуры, времени 
спекания и расхода вскрывающих реагентов. На основании частных зависимостей получена математическая модель процесса спекания в виде обоб-
щенного многофакторного уравнения, по которому определены оптимальные условия вскрытия баритового сырья. Разработана схема фторо-сульфато-
аммонийного вскрытия баритового сырья.

Ключевые слова: техногенные отходы, отвальные хвосты, обогащение, выщелачивание, обескремнивание, баритовое сырье, вскрытие сырья, 
кремнийсодержащие минералы, барито-полиметаллическая руда, спекание.

Introduction
The object of works has been the barite-bearing 

technogenic wastes. The wastes include the final tailings 
of the Karagaily mining and processing plant. They are 
stored in the tailing dumps, and they have been formed 
during the flotation concentration of the barite-polymetallic 
ores of the Karagaily deposit [1, 2]. These tailing dumps 
occupy a huge territory. Thus, the dumps are pollution 
sources of soil, air and water by the heavy metals and 
barite dust. These wastes have been not recycled yet, i.e. 
there is no effective technology that would allow the cost-
effective production of the quality commercial products. 
The issue with the barite-bearing waste recycling is its 
complex mineralogical composition. Thus, it leads to the 
inefficiency of the traditional recycling methods such as 
the acid leaching and flotation. In order to solve these 
issues on this raw material recycling, some methods 
should be found to explore the ore mineral aggregates 
with the silicon-bearing gangue minerals [3, 4].

The recycling wastes of the barite-polymetallic ores 
from the Karagaily deposit have a great economic potential. 
Their composition includes BaSO4 up to 40%; Cu – 0.4%; 
Zn – 0.8% and Pb – 0.6%. Thus, these wastes can be 
classified as the industrial polymetallic barite raw materials.

Their advantage over the mineral raw materials is 
that they do not require the expenditures connected with 
extraction from the subsurface resources and grinding. 
The waste reserves are significant. There are up to two 
tens of millions of tons.

The problem of processing this type of raw materials 
is the disclosure of clusters of ore minerals with silicon-
containing minerals in the waste rock.

The issue on this raw material recycling is to explore 
the ore mineral aggregates with the silicon-bearing 
gangue minerals. An innovative solution [5-7] to the 
issue is to explore the raw materials with using the 
chemical methods, namely, by a method of ammonium 
fluorosulfate desiliconization.

Studies to explore barite raw materials by sintering 
with ammonium fluorosulfate have been made to create 
a mathematical model of exploration and to define the 
optimal conditions for this process.

Research methods
The studies have been performed with using the 

probabilistic and deterministic method of an experiment 
planning1, 2. The experiments have included the barite raw 
materials, composition in wt. %: SiO2 – 40.9; BaSO4 – 32.6; 
Al2O3 – 5.3; Fe – 4.6; S – 6.8; Zn – 0.6; Pb – 0.5 and Cu – 0.2.

1Malyshev V.P. Probabilistic-deterministic planning of experiment. – Alma-Ata: Science, 1981. – 116 p. (in Russian)
2Malyshev V.P. Mathematical planning of metallurgical and chemical experiment. – Alma-Ata: Science, 1977. – 37 p. (in Russian)
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The effect of four factors on the exploration of the raw 
materials has been studied such as the sintering temperature 
T, sintering time τ, consumption of ammonium sulfate 
relative to stoichiometry of reaction with aluminum oxide 
Cc and consumption of ammonium bifluoride relative to 
stoichiometry of reaction with silicon oxide Cf. 

The sintering of the barite raw materials with ammonium 
fluorosulfate has been studied with the method described in 
[8]. The exploration of materials has been estimated with 
the degree of desiliconization of raw materials. Results of 
the experiments are demonstrated in Table 1.

Exploration of the barite raw materials relative to the 
degree of desiliconization has been used as a function of 
this study. Thus the experimental data on levels of factors 

experiment 
no. T, °c τ, min Cc , % Cf , %

exploration 
of materials, 

αэ, %

1 350 30 50 50 55.2
2 350 90 100 100 91.69
3 350 60 75 75 75.9
4 350 180 150 150 99.32
5 350 120 125 125 97.99
6 400 30 100 75 80.07
7 400 30 75 150 99.85
8 400 60 150 125 98.40
9 400 180 125 50 67.05
10 400 120 50 100 96.38
11 375 30 75 125 96.38
12 375 90 150 50 65.85
13 375 60 125 100 89.08
14 375 180 50 75 83.03
15 375 120 100 150 98.48
16 450 30 150 100 92.12
17 450 90 125 75 88.10
18 450 60 50 150 99.74
19 450 180 100 125 99.38
20 450 120 75 50 66.38
21 425 30 125 150 99.26
22 425 90 50 125 99.08
23 425 60 100 50 63.59
24 425 180 75 100 96.64
25 425 120 150 75 84.57
Overall average 87.34

Table 1
Effect of sintering factors on exploration of barite raw 

materials
Кесте 1

Барит шикізатын ашуға біріктіру факторларының 
әсері

Таблица 1
Влияние факторов спекания на вскрытие 

баритового сырья

figure 1. dependences of exploration of barite raw 
materials

on sintering factors.
Сурет 1. Барит шикізатын ашудағы біріктірудің 

факторларға тәуелділіктері.
Рис. 1. Зависимость вскрытия баритового сырья

от факторов спекания.

under Table 1 have been selected. As a result, the average 
experimental values of the functions have been found. 
The experimental values of the partial functions and their 
average values are presented in Table 2.

Based on data in Table 2, the dot diagrams of the partial 
dependences to explore raw materials on the studied factors 
have been plotted. They are illustrated in Figure 1.

Referring to the point data, the approximating 
functions have been selected to describe the 
dependences of exploration of raw materials on the 
sintering factors under study:

α1 = – 6.36 × 10–4 × Т2 + 0.558Т – 33.30.           (1)

α2 = –3.38 × 10–4 × τ2 + 0.103τ + 81.42.            (2)

α3 = 8.65 × 10 –5 × Сс 
2 – 0,003Сс + 86.60.            (3)

α4 = –4.7 × 10–3 × Сf 
2 + 1.287Сс + 11.34.           (4)

By equations (1-4), values of the partial functions and 
their average values have been calculated. Results on 
calculation are demonstrated in Table 3. The insignificant 
deviation in the average calculated values of functions 
from an overall experimental average has proved the close 
correspondence of equations to the dot diagrams.

By equation (5), a coefficient of the nonlinear 
multivariable correlation has been determined. Thus, 
by equation 6, the signification of the obtained 
partial dependencies has been calculated. Results are 
presented in Table 4.

R = {1 – [(N – 1)Σ1 
N × (αexp. – αcal. )

2]/
(5)

/[(N – K – 1)Σ1 
N × (αexp. – αa.v. )

2]}0,5.

tR = R(N – K – 1)0,5/(1 – R2).                    (6)
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function
Levels average 

value1 2 3 4 5

α1 84.09 86.51 88.14 88.97 89.01 87.34

α2 84.21 86.38 87.95 88.91 89.01 87.29

α3 86.67 86.86 87.16 87.58 88.10 87.27

α4 63.94 81.43 93.04 98.78 98.64 87.17

Table 3
The calculated values of partial functions on exploration 

of barite raw materials
Кесте 3

Барит шикізатын ашуда жеке функциялардың 
есептік мәндері

Таблица 3
Расчетные значения частных функций

по вскрытию баритового сырья

Переработка полезных ископаемых

function R tR Signification of function

α1 0.99 122.48 significant

α2 0.92 10.35 significant

α3 0.74 4.93 significant

α4 0.999 576.76 significant

Table 4
Correlation coefficient and its signification for private 

functions on exploration of barite raw materials
Кесте 4

Корреляция коэффициенті және оның барит 
шикізатын ашуда жеке функциялар үшін 

маңыздылығы
Таблица 4

Коэффициент корреляции и его значимость для 
частных функций по вскрытию баритового сырья

figure 2. Technological scheme of exploration of barite 
raw materials.

Сурет 2. Барит шикізатын ашудың технологиялық 
схемасы.

Рис. 2. Технологическая схема вскрытия 
баритового сырья.

function
Levels average 

value1 2 3 4 5

α1 84.02 86.56 88.35 88.63 89.14 87.34

α2 84.606 85.34 88.91 88.76 89.08 87.34

α3 86.69 87.03 86.64 88.30 88.05 87.34

α4 63.61 82.33 93.18 98.25 99.33 87.34

Table 2
Experimental values of partial functions on exploration 

of the barite raw materials
Кесте 2

Барит шикізатын ашуда жеке функциялардың 
тәжірибелік мәндері 

Таблица 2
Экспериментальные значения частных функций 

по вскрытию баритового сырья

Analysis of the partial dependencies has demonstrated 
that in the matrix experiments, the high effect on degree of 
exploration of barite raw materials relative to silicon has 
been made by consumption of ammonium bifluoride. Thus, 
desiliconization of raw materials has scaled upaverage by 
35% during the increase in consumption of ammonium 
bifluoride from 50% to 125%. Moreover the increase 
in exploration has been observed in the entire studied 
interval. All dependencies have been significant.

The generalized multifactor equation (8) to explore 
barite raw materials has been made under (7) on the basis 
of the significant partial dependences, and it is presented as

αn = ∏n i = 1 × αi /αav 
n – 1,                          (7)

α = 1,5 × 10 –6 × (– 6,36 × 10 –4Т 2 + 0,558Т – 33,30) ×

× (– 3,38 × 10 –4τ2 + 0,103τ + 81,42) ×

× (8,65 × 10 –5Сс 
2 – 0,003Сс + 86,60) ×

× (– 4,7 × 10 –3Сf 
2 + 1,287Сс + 11,34).

This equation is a mathematical model of the sintering 
of the barite raw materials with ammonium fluorosulfate 
in relation to the exploration in terms of silicon. Thus, 
it has significantly correlated with the experimental data 
(R = 0.989, tR = 195.95).

Based on this equation, the optimal conditions 
can be determined to explore the studied barite raw 
material in terms of silicon. In particular, to make 100% 

(8)
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desiliconization of raw materials at the specified sintering 
conditions such as temperature 400 0C, time 90 min, 
consumption of ammonium bifluoride 100%, the optimum 
rate of ammonium sulfate should be 277%.

The recommended technological scheme of the 
ammonium fluorosulfate exploration of barite raw 
materials is illustrated in Figure 2.

Results and conclusion
As a result, the study on sintering of the barite raw 

materials with the exploring reagents such as bifluoride 
and ammonium sulfate has determined the essential 

Переработка полезных ископаемых
effect of the sintering conditions on exploration of the 
raw materials in terms of silicon.

The partial dependences of exploration of the raw 
materials on temperature, sintering time and consumption 
of the exploring reagents have been obtained. Based 
on the partial dependencies, a mathematical model of 
the sintering as a generalized multifactor equation has 
been created. This equation has calculated the optimal 
conditions to explore the barite raw materials.

The scheme of ammonium fluorine sulfate exploration 
of the barite raw materials has been developed.
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