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Abstract. The object of works has been the barite-bearing technogenic wastes. The wastes include the final tailings
of the Karagailinsky 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 [3-5]. In order to solve these issues on this raw materialrecycling, some methods should be
found to explore the ore mineral aggregateswith the silicon-bearing gangue minerals [6-7]. A promising solution
to the issueis to explore the raw materials with the chemical methods, in particular, by a method of ammonium
fluorosulfate desiliconization. Studies have been performed to explore the barite raw material by the sintering with
ammonium fluorosulfate. As a result, a mathematical model of the exploration has been created and the optimal
conditions for this process have been determined. 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 fluorine
sulfate exploration of the barite raw materials has been developed.

Keywords: technogenic wastes, final tailings, concentration, leaching, desiliconization, barite raw materials,
exploration of raw materials, silicon-bearing minerals.

Introduction
The recycling wastes of the barite-polymetallic

using the chemical methods, namely, by a method of
ammonium fluorosulfate desiliconization.

ores from the Karagaily deposit have a great economic
potential. Their composition includes BaSO, 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 [6-7]. An innovative solution

EXH o the issue is to explore the raw materials with

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.

Experimental part

The studies have been performed with using
the probabilistic and deterministic method of an
experiment planning [8-9].

The experiments have included the barite raw
materials, composition in wt. %: SiO, — 40.9; BaSO, —
32.6; A,O;-5.3; Fe —4.6;S-6.8; Zn-0.6; Pb — 0.5 and
Cu-0.2[1-2].

The effect of four factors on the exploration of the
raw materials has been studied such as the sintering
temperature (7)), sintering time (7), consumption
of ammonium sulfate relative to stoichiometry of



reaction with aluminum oxide (C.) and consumption
of ammonium bifluoride relative to stoichiometry of
reaction with silicon oxide (C}).

The sintering of the barite raw materials with
ammonium fluorosulfate has been studied with
the method described in [10]. 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 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
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in Figure 1.

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

@, =—6.36- 107" + 0.5887 — 33.30, 1)
@, =—3.38-10"'7>+0.1037 + 81.42, @)
@ =8.65-10°C*—0.003C. + 86.60, 3)
@, =—4.7-10°C7 +1.287C. +11.34. (4)

By these equations, 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.

Table 1 - Effect of sintering factors on exploration of barite raw materials

Experiment No. T, °C T, min. C, % C, % Exploration of materials, a.,, %
1 2 3 4 5 6
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
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Table 2 - Experimental values of partial functions on exploration of the barite raw materials

Levels
Function Average value
1 2 3 4 5
oy 84.02 86.56 88.35 88.63 89.14 87.34
o, 84.606 85.34 88.91 88.76 89.08 87.34
o3 86.69 87.03 86.64 88.30 88.05 87.34
oy 63.61 82.33 93.18 98.25 99.33 87.34
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Figure 1 — Dependences of exploration of barite raw materials on sintering factors

Table 3 —-The calculated values of partial functions on exploration of barite raw materials

Levels
Function A 5 5 A E Average value
a, 84.09 86.51 88.14 88.97 89.01 87.34
a, 84.21 86.38 87.95 88.91 89.01 87.29
03 86.67 86.86 87.16 87.58 88.10 87.27
oy 63.94 81.43 93.04 98.78 98.64 87.17
By equation 5, a coefficient of the nonlinear ul , P
multivariable correlation has been determined. ol (V=1) 2 (e — ) )

Thus, by equation 6, the signification of the obtained
partial dependencies has been calculated. Results are

KA presented in Table 4.
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Table 4 - Correlation coefficient and its signification for private functions on exploration of barite raw materials

Function R tr Significationof function
o 0.99 122.48 significant
o, 0.92 10.35 significant
(0 I 0.74 493 significant
@ 0.999 576.76 significant
R(IN-K—1)% Barite raw materials
th = T 1R (6)
NHsF,
Analysis of the partial dependencies has (NH4)2804

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

_ PLa

ap = W’ (7)
a=15-10"°(—6.36-10"T+ 0.5587 — 33.30) X
X(—3.38-107'7?+0.1037 + 81.42) - (8.65-10°C*—  (8)

—0.003C. +86.60) - (—4.7-107°C/ + 1.287C. + 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, ¢, = 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% desiliconization of raw materials at the specified
sintering conditions such as temperature 400°C, 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.

As a result, the study on sintering of the barite

v
A

Sintering

200°C, 3 hours

Sintering

400°C, 1.5 hours

b

(NH.).SiFs

Sintering
product

Figure 2 — Technological scheme of exploration

of barite raw materials

raw materials with the exploring reagents such as
bifluoride and ammonium sulfate has determined
the essential effect of the sintering conditions on
exploration of the raw materials in terms of silicon.

Conclusion

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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Bapum wuki3ambIHbIH awblnybiHa 6ipi2y #cardaiinapsbiHbiH acepiH 3epmmey
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1«dbinKac CarbiHO8 ambiHOaFbl KaparaHObI mMexHUKaAbIK yHusepcumemi» KeAK, KazakcmaH, KaparaHOowl,
H. Hazapbaes daHrbinbl, 56,

2)K. d6iwes amebIHOaFbl XUMUA-Memasnaypausa uHcmumymel, KazakcmaH, KaparaHoel, EpmeKkos Keweci, 63,

*aemop-koppecrnoHOeHm.

AHOAamna. Kymbic obvekmici — Kaparalinbl KeH OpHbIHbIH, 6apum-noaumemann pyoanapeiH gaomayusansik balieimy
Ke3iHOe KanbinmacKaH #aHe yiiHOi KandbiK KolimanapelHOa cakmanraH Kaparalinel 6alieimy ¢habpuKacsiHbIH KAA0bIK
Kan0bIKmapblH KAMMUMBbIH KYpambiHOa 6apum 6ap mexHoz2eHOiK Kandelkmap [1-2]. By KandslKkmap ysaKeH aymakmel
as16IM HAMbIP HIHE MOIbIPAKMbI, AYAHbI HaHe CyObl ayblp MemandapmeH ¥aHe bapum WaHbIMeH 1acmaywsi Kesoep
60s161n1 Mmabsiaadel. Morapel canansbl KOMMePYUAIbIK 6HIMOI yHeMOi mypoe anyra MyMKiHOiIK 6epemiH muimoi mexHo-
7102USAHbIH YOOKMbIFbIHAH 6y Kandbikmap ani 0e kalima eHOenmezeH. KypameiHda 6apumi 6ap Kaa0bikmaposi eHoey
macesneci Kypoesni MUHepasno2uanblK Kypamoa xamelp, 6yn eHoeydiH 0acmypi adicmepiH — KbIWKbIAMeEH walimanay
MaHe piomayusanaydsl KoadaHyodblH muimcizoieiH mydeipadel [3-5]. LLlukizammelH 6ya mypiH eHoey maceneciH wewy
yWiH 60c #bIHbICMAapObIH, KpeMHUli 6ap MuHepandapeiMeH KeHOi MUuHepandapoblH apasnsiK eciHOinepiH awy »#onda-
polH maby Kaxcem [6-7]. MaceneHi wewydiH nepcrnekmusasisl #0sel — WUKi3amMmMel XUMUAbLIK 30icmepmeH awly #aHe,
aman alimkKaHoa, aMmmoHul (pmopcyneghammel KpeMHulicizdeHOipy a0ici. AwydblH MamemMamuKasbiK MooesiH Kypy
HaHe npoyecmiH, oHmMadlinel WapmmapsiH AHbIKMAy MAKCamoIHOA (hmopuodreH ¥aHe aMMOHUl cynbghameimeH GipiK-
mipy apKblasl 6apum wukizameld awy 6olibiHWa 3epmmeynep Hypeizindi. LLlukisammel awydslH memMnepamypara,
a2/0Mepayusa yaKkbimoelHA HaHe AWy peazeHmmepiHiH WolFbIHbIHAO epeKkwe mayendinikmepi aneiHFaH. Kapmeoinali
mayenodinikmep HeziziHOe #anmnblAAHFOH Kerngakmopasl meHoey mypiHoeai aznomepayus npoyeciHiK Mamemamuka-
/1bIK MOOeni anbIHObI, OFaH Calikec 6apum WUKi3amelH auwyoblH oHmMalinel wapmmapel aHbIKManadsl. bapum wukiza-
molH gpmopcynbham ammoHulioi awy cxemacs! 33ipaeHoi.

Kinm ce30ep: mexHozeHOiK Kanobikmap, yUiHOinik Kanosikmap, b6alisimy, cinmicizoeHdipy, KpemHulicizdeHOipy, 6a-
pUMMIK WUKi3am, wukizammesl awy, KpemHulini muHepanoap.
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AHHOomayuA. Obvekmom pabom seasromMcsa bapumcodepawjue mexHo2eHHble 0mx00bl, K KOMOPbIM OMHOCAMCA
omeanbHble xeocmeol KapazalinuHckoli o6oeamumesnbHoli habpuKu, CKAAOUPOBAHHbIE 8 XBOCMOXPAHUAUWAX U 06pa-
308aHHbIe MPU P10MAYUOHHOM 0602awWeHUU bapumo-noaumemannudeckux pyo KapazalauHCKo2o MecmoporOeHus
[1-2]. 3mu x8o0cMOXPAHUAUWA 3aHUMAKOM 02POMHYI0 MeppPUMOpPUIO U A870MCA UCMOYHUKAMU 302PA3HEHUS 10486,
8030YWHO20 U 800HO20 bacceliHos msaxcensiMmu memanaamu, 6apumoesoli noiasto. [aHHele omxo0bl 00 CUX Nop He
nepepabameigarom e8udy omcymcmeus 3ghgekmusHol mexHosnoz2uu, noseoaaroweli peHmabenbHO Noay4ame Ka-
yecmeeHHble MmogapHbie nMpodykmei. [Ipobaema nepepabomku 6apumcodeprcaujux omxo0o8 cocmoum 8 C/I0HHOM
MUHepasno2u4yeckom cocmase, Ymo 0byca106eau8aemM HeaPEeKMuU8HOCMb MPUMeHeHUs mMpPaduyUoHHbIX Memodos rne-
pepabomku — KUC/I0MHO20 8blUueaAa4usaHus u gpnomayuu [3-5]. s peweHus npobaemsi nepepabomru 0aHHO20 8U0d
CbIpbA HEObX0OUMO U3bICKaHUEe crocobo8 Packpbimus CPOCMKo8 PYyOHbIX MUHepPasno8 ¢ KpemHulicodepuauwumu mu-
Hepanamu nycmoli nopodei [6-7]. epcnekmueHbIM pewieHUem npobaemsl A89emcs 8CKpbImue Cbipbsa XUMUYeCKUMU
Memooamu U, 8 YaCMHOCMU, MemodoM pmopo-CynbhamoammoHUliHo20 obecKkpemHuUBaHus. [TposedeHsbl ucciedosa-
HUA 8CKpbIMUS 6APUMOB020 CbIpbA CIEKAHUEM ¢ (hmopudoM U Cyabdhamom aMMOHUSA C Uesbio MocmpoeHus mame-
mamuyeckoli modenu 8CKpbIMUSA U onpedesneHus onmumManbHelx ycaosuli nposedeHus npoyecca. Moay4deHsl YacmHsie
308UCUMOCMU BCKPLIMUS CbiPbS OM MeMnepamypebl, 8peMeHU CreKaHusa U pacxoda ecKpblsarowux peazeHmos. Ha oc-
HOBAHUU YAdCMHbIX 3a8ucumocmeli Moay4yeHa mMamemamuyeckas Moodesb Mpoyecca crnekaHus 8 sude 060b6ueHHo20
MHO20(haKMOPHO20 YPABHEHUS, M0 KOMOPOMY onpedesneHbl OMUMAsbHbIE YC108UA 8CKPbIMUA 6ApUMOB020 CbipbA.
PazpabomaHa cxema ¢pmopo-cynb@amoamMmoHUliHo20 8CKpbIMusA 6apuUMo8020 CbipbA.

Kntouesble cnoea: mexHozeHHOE 0mMx00bl, 0measbHble X8ocmel, obozaujeHue, sbiujenaqusaHue, obeckpemMHUBaHUEe,
bapumosoe cbipbe, 8CKpbiMue Cblpbs, KpemHulicodepxaujue MUHepasi.
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