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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.
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BapuT muUKIi3aTBIHBIH alIBLIYBIHA OIPiry skaraaiiapbIHbIH dCepiH 3epTTey

Anparna. XKymeic o6bekrici — Kaparaiinbl keH 6aiibiTy (habpHKachIHBIH KypaMbIHIa 6apuT 6ap TEXHOTEHAIK KaIIbIKTap. MUHEPaIOTHUIBIK KypaMbl KypAei
GoNFaHIBIKTaH KypaMbIHAA GapuT 6ap KalgbIKTapIbl ©HAEY Maceleci Kypaemi Ooibin TaObuLiagbl. MoceneHi MIeIIyiH NepCIeKTHBANIBI JKOIbl — IIHKI3aTThI
XMMHSIIBIK SJiCTEpMEH aIy. ALIy/blH MaTeMaTHKaJIbIK MOJCIIH Kypy ’KOHE HPOIECTiH OHTAMIIBI IIApTTapbIH aHBIKTAYy MaKCaThIHIAA (QTOPHIIICH 5KOHE aMMO-
HUW cynbdaTbiMeH OipiKTipy apKbUIbl OapHUT MIMKI3aThIH anry OOWbIHINA 3epTTeyliep Kyprisiimi. LIuki3aTThl amynblH TeMieparypara, OipiKTipy yaKbIThIHA
JKOHE allly PearcHTTepiHIH IIbIFbIHBIHA ePeKIle ToyelaAiaikTepi anpinFaH. JKapTeuiail TOyeIauTiKTep HEerisiHae sKaimbUIaHFaH Ken(aKkTopibl TCHICY TYPiHAET]
GipiKTipy IPOIECIHIH MATEMAaTUKAIIBIK MOZEI aJIbIH/IbI, OFaH COMKEC GAPUT IHMKi3aThIH Allly JbIH OHTAWUIIbI IIAPTTAPHI AHBIKTAIAbL. BapuT mukizaTee Gropcynbdar
aMMOHMHII alry CXeMachl d31pJICHII.

Tyiiinoi cozdep: mexnozendix Kaioblkmap, yuiHOLIK Kanobikmap, 6aisimy, ciimiciz0enoipy, KpemMHUutciz0eHoipy, 6apummix wuKizam, wuKizammol auty,
KpeMHULLIL MuHepanoap, 6apum-noaumemani Keui, 6ipikmipy.

HUccaenoBanue BJIUSIHUSA YCJIOBUI CIIEKAHUS HA BCKPbITHE 0APUTOBOIO ChIPbS

AnnoTtanusa. OObEeKTOM paboT SBIAIOTCS GapUTCOJEpIKAIIME TeXHOTeHHbIe 0TX0 bl Kaparainunckoi oborarutensHoit Gadbpuku. [Ipodbiaema nepepadboTku
6apuUTCOIEPIKAIMX OTXO0B COCTOUT B CIIOKHOM MHUHEPAJIOrMYECKOM COCTaBe. I1epCreKTUBHBIM PEIIEHUEM IIPOOIEMBI ABJIAETCS BCKPHITHE ChIPbs XUMUYECKMMH
merogaMu. IIpoBeieHbl UCCIEN0BAHMS BCKPBITHS OAPUTOBOTO ChIPhS CHEKaHHEM C (TOPHIOM U CyJIb()ATOM aMMOHUS C IEIbI0 IOCTPOCHHS MATEMaTHYECKOi
MOJICJIN BCKPBITHS M OIPEICICHIUS ONTUMAIBHBIX YCIOBHI MPOBEACHHUS mpouecca. I10iydeHbl 4acTHbIE 3aBUCHMOCTH BCKPBITHS ChIPbsI OT TEMIIEPATYPbI, BpEMEHH
CIICKaHMs M PAacXo0/ia BCKPBIBAIOIINX peareHToB. Ha ocHOBaHMYM 4acTHBIX 3aBHCHMOCTEH IOTydyeHa MaTeMaTHdecKas MOJENb Ipolecca ClieKaHus B BHJE 0000-
MIEHHOT'O0 MHOTO(aKTOPHOI'O ypaBHEHUSI, 10 KOTOPOMY OIpeesieHbl ONITUMAJIbHbBIE YCIOBUSI BCKPBITHsI OapUTOBOTO ChIphsi. Pa3dpaborana cxema GpTopo-cyiabhaTo-
aMMOHHUMHOIO BCKPBITHS OAPUTOBOTO CHIPHS.

Knrouesvie cnosa: mexnozennvie omxoovl, omeaibHble X60CMbl, 0O02aweHue, evlujeraqueanue, 0becKkpeMHuganue, 6apumogoe cuipve, CKpulmue Culpbs,
KpeMHULicoOepacaujue MUHepaibl, Oapumo-noIumMemaiiuieckds pyod, cnekanue.

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 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. 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
planning® 2. The experiments have included the barite raw
materials, composition in wt. %: SiO, — 40.9; BaSO, — 32.6;
AlL,O,~5.3; Fe—4.6;S—6.8, Zn—0.6; Pb—0.5 and Cu —0.2.

'Malyshev V.P. Probabilistic-deterministic planning of experiment. — Alma-Ata. Science, 1981. — 116 p. (in Russian)
’Malyshev V.P. Mathematical planning of metallurgical and chemical experiment. — Alma-Ata: Science, 1977. — 37 p. (in Russian)
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Table 1 under Table 1 have been selected. As a result, the average

Effect of sintering factors on exploration of barite raw experimental values of the functions have been found.
materials The experimental values of the partial functions and their
Kecme 1  average values are presented in Table 2.
Bbapum wiukizamoin awiyza 6ipikmipy pakmopiapoinoly Based on data in Table 2, the dot diagrams of the partial
acepi dependences to explore raw materials on the studied factors
Taonuya I  have been plotted. They are illustrated in Figure 1.
Bnusanue ¢pakmopoe cnexanusa na éckpvimue Referring to the point data, the approximating
0apumoeozo coipva functions have been selected to describe the
Exol dependences of exploration of raw materials on the
i xploration | intering factors under study:
Experiment T,°C | z,min | C , % Cf, % | of materials, £ Y
No. ¢ . % a,=—6.36x 107 xT?+0.558T — 33.30. 1)
1 350 30 50 50 55.2 a,= —3.38x 10~*x 72+ 0.1037 + 81.42. )
2 350 90 100 | 100 91.69 a,=8.65x107°x C?-0,003C,+ 86.60. A3)
3 350 60 75 75 75.9 a,=-4.7x107x C2+1.287C_ + 11.34. “)
4 350 180 150 150 99.32 By equations (1-4), values of the partial functions and
5 350 | 120 125 125 97.99 their average values have been calculated. Results on
6 400 30 100 75 80.07 calculation are demonstrated in Table 3. The insignificant
7 400 30 75 150 99 85 deviation in the average calculated values of functions
2 200 0 150 125 98.40 from an overall experim§ntal average ha.s proved the close
correspondence of equations to the dot diagrams.
9 400 180 125 S0 67.05 By equation (5), a coefficient of the nonlinear
10 400 120 50 100 96.38 multivariable correlation has been determined. Thus,
11 375 30 75 125 96.38 by equation 6, the signification of the obtained
12 375 90 150 50 65.85 partial dependencies has been calculated. Results are
13 375 | 60 | 125 | 100 89.08 presented in Table 4.
14 375 180 50 75 83.03 R={1-[(N-DZ}*(a,, ~a, 2/
15 375 120 100 | 150 98.48 )
16 450 | 30 150 | 100 92.12 AN-K-DX)'x (@, —a, )}0,5.
17 450 90 125 75 88.10 ¢ = R(N—K— 1)»/(1—R? ”
18 450 | 60 | 50 | 150 99.74 o= ROV=R =D/ - K. ©
19 450 | 180 100 | 125 99.38
a, 90 o, 100
20 450 | 120 75 50 66.38 o o0 o
21 425 30 125 150 99.26 = ;z/ .
o T
22 425 90 50 125 99.08 86 o
23 425 | 60 | 100 | 50 63.59 o ®
24 425 180 75 100 96.64 o 70
25 425 | 120 | 150 | 75 84.57 W 3 a0 &0 s oo m
YC, 7, min.
Overall average 87.34
a, 95 a, 110
% %
The effect of four factors on the exploration of the raw 0 o ;/e S
materials has been studied such as the sintering temperature (Oe //
T, sintering time 7, consumption of ammonium sulfate - ¢ o
relative to stoichiometry of reaction with aluminum oxide G
C and consumption of ammonium bifluoride relative to 80 50
stoichiometry of reaction with silicon oxide C " oo 165';0 % 20 o 0w ;5‘; 20
The sintering of the barite raw materials with ammonium ’ i
fluorosulfate has been studied with the method described in Figure 1. Dependences of exploration of barite raw
[8]. The exploration of materials has been estimated with materials
the degree of desiliconization of raw materials. Results of on sintering factors.
the experiments are demonstrated in Table 1. Cyper 1. bBapuT muKi3aThIH alIyaarbl OipikTipyaiH
Exploration of the barite raw materials relative to the (¢akTopaapra Toyenainikrepi.
degree of desiliconization has been used as a function of Puc. 1. 3aBUCHMOCTb BCKPBITHS 0APUTOBOIO ChIPbSI
this study. Thus the experimental data on levels of factors oT GaKTOPOB CIICKAHMS.
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Table 2
Experimental values of partial functions on exploration
of the barite raw materials

Kecme 2
Bbapum wiukizamoin awtyoa rynceke yHKyuanapoviy
maycipudenix maonoepi
Tabnuya 2

IKcnepumenmanvhble 3HAUEHUA YACHHBIX QyHKYUT
O 6CKPBIMUIO 6APUM 06020 CbIPbA

Function | 5 Le\;els 1 5 A:;;‘:ege

a, 84.02 | 86.56 | 88.35 | 88.63 | 89.14 | 87.34

a, 84.606 | 85.34 | 88.91 | 88.76 | 89.08 | 87.34

a, 86.69 | 87.03 | 86.64 | 88.30 | 88.05 | 87.34

a, 63.61 | 82.33 [ 93.18 | 98.25(99.33 | 87.34
Table 3

The calculated values of partial functions on exploration
of barite raw materials

Kecme 3
Bapum wiukizamuein auiyoa sceke )yHKyuanapowvly
ecenmik MaHoepi
Taonuua 3

Pacuemmnvle 3nauenus 4acmuvix QyHKyuil
O 6CKPBIMUIO 0APUM 06020 CbIPbA

Function |1 | Average
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
a, 86.67 | 86.86 | 87.16 | 87.58 | 88.10 | 87.27
a, 63.94 | 81.43 | 93.04 | 98.78 | 98.64 | 87.17

Table 4

Correlation coefficient and its signification for private
functions on exploration of barite raw materials
Kecme 4
Koppenayusa korgppuyuenmi scone onviy 6apum
WUKI3amMblH auiy0a yceKe YYyHKyuanap yuiin
MAHBI30bLIbIZbL
Tabnuua 4
Kosyppuuyuenm xoppenayuu u eco 3nauumocms 0Jis
YACMHBIX PYHKYUIL RO 6CKPLIMUIO 0APUMO0B020 CbIPbS

Function R t, Signification of function
a, 0.99 | 122.48 significant
a, 0.92 10.35 significant
a, 0.74 4.93 significant
a, 0.999 | 576.76 significant
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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

a,=I;., % a/fa"! )

av  °

a=1,5% 10 (— 6,36 x 10~T? + 0,558T — 33,30) x
X (3,38 x 10-'7 + 0,10°z + 81,42) x
x (8,65 x 10-°C? - 0,003C, + 86,60) x ®)

X (-4,7%x107°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%

Barite raw materials

NH;F,

i

(NH4)>SOq

Sintering

200°C, 3 hours

Sintering

400°C, 1.5 hours

l @ ()~ l

(NH4)2SiFs

Sintering
product

Figure 2. Technological scheme of exploration of barite
raw materials.
Cyper 2. BapuT mnKi3aTbIH allyIbIH TEXHOJIOTIHSJIbIK
cxeMachl.
Puc. 2. TexHojioruyeckasi cxeMa BCKPbITUS
0apuUTOBOIO CHIPbA.
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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
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