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Study and development of the process scheme of barytic raw material leaching

Continuous growth of demand for crude ore leads to accelerated development of high-grade deposits and to
putting into operation the impoverished deposits. Consequently specific yield of industrial waste for the unit
of products at all the stages of productionincreases.Developmentofleachingschemesotfbarium-containing
waste is the purpose of the given article. There search object is barium-containing waste produced at flotation
enrichment of barium-polymetal ores. The experiments on water leaching of barium-containing waste in the
presence of ammonium fluoride were carried out by means of the design of experiments. In order to research
leaching of barium-containing waste, three factors were chosen, namely, leaching temperature (T), leaching
time (1) and percentage of the initial solution on ammonium fluoride (C). The mathematical model of the pro-
cess was developed and optimal conditions were determined for leaching barium-containing waste. that pro-
vided production of desilicated concentrate of compound, mass %: SiO, — 1.9; BaSQ; — 67.3; Fe — 8.4;
Zn— 1.09; Pb — 0.91; Cu — 0.36. Under laboratory conditions, the scheme of bartum-containing waste
leaching was developed. Studies of barium-containing waste leaching allowed detecting partial’'dependence of
silicon extraction into the solution on the temperature, time of leaching and concentration of solution. On the
basis of significant partial dependencies, the mathematical model of the process was developed by means of
which the optimum conditions for leaching were determined. Two products were produced, namely, the am-
monium hexafluorosilicate solution and the chemically enriched.desilicated barite concentrate.

Keywords: barium, barium-containing waste, fluoride technology, leaching, silicon, ammonium
hexafluosilicate, desilication.

Introduction

Demand for crude ore constantly increases, which leads to accelerated resource recovery and to devel-
oping deposits of a low grade. Accelerated development of deposits leads to increasing specific yield in in-
dustrial waste per unit of output. The main-problem of barium-containing waste is absence of technology and
inefficient conventional development methods. The problem of development of barium-containing waste is
due to the absence of an efficient application of the conventional treatment technology: acid leaching in the
context of the complex mineral composition. Final rejects of treatment plants stored in the tailing dumps be-
long to barium-containing waste. Disposal'are as occupy significant spaces and are the source of pollution of
soil, air, and water basins with heavy metals and barite powder.

Treatment of waste of barium-containing poly metal ores has big economic potential. It contains up to
40 % of BaSQy, 0.4 %of Cu; 0:8:% of Zn, 0.6 % of Pb by which this waste may be classified as the industri-
al poly metal barite raw material. It has an advantage over the mineral raw material because expenses for
extraction and refinement.are not necessary. Waste stocks are significant: up to twenty million tons.

Dissociation of ore minerals with silicon-containing minerals of waste material is a problem of treating
this type of raw material. A step-ahead solution of the problem is uncovering a raw material by chemical
methods, and; inparticular, by fluorine-ammonium method at which in the process of water leaching in pres-
ence of ammonium fluorine, silicon goes to the liquid phase from the solid one, because of formation of wa-
ter-soluble ammonium hexafluorosilicate. The given method has energy consumption advantages over the
fluorosulfate method of high-silicon raw material extraction that requires baking at a temperature of up to
400 °C.

The article is devoted to the search for a problem of utilization of barium-containing waste. The solu-
tion of the given problem is of ecological and economic significance. The solution of the problem would al-
low improving the ecologic situation around the enterprises producing the given type of waste.

Water leaching of the barite raw material in the presence of ammonium fluorine and determination of
optimal conditions of the process are the main tasks of the article.
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Raw material treatment and desilication methods

Hydrochemical and thermochemical processes became ingrained in complex treatment of the high-
silicon raw material. The main operation is uncovering the raw material by a chemical interaction with the
silicon oxide, that the raw material contains, and leaching.

So, alkaline autoclave desilication of high-silicon copper concentrates would lead to enrichment of ini-
tial copper concentrate by all the metals and sulfur, prevent difficulties of copper melting by the modern
technological schemes [1].

Hydrochemical autoclave method is applied while extracting alumina from the high-silicon raw materi-
al [2]. Its essence is concluded in autoclave leaching of aluminosilicate raw material by strong solutions of
sodium hydrate in the presence of lime. Aluminate and sodium silicate pass to the solution, then sodium-
calcium hydro-silicate precipitates from the solution. Conditions for high extraction of alumina are supera-
bundance of the free caustic alkali in the solution, a high temperature, and a high concentration of the alkali
solution.

It should be mentioned that the given desilication methods while treating high-silicon . raw material re-
quire the corresponding instrumentation and high measures on safety technique because of application of
leaching of the concentrated alkali solution and running the process at high temperatures and pressure.

The most efficient reagents for uncovering silicate bases of high-silicon raw material are elemental flu-
orine and fluorine hydride, and ammonium fluoride. However, there are several problems, restricting appli-
cation of F, and HF for these purposes. In particular, the use of elemental fluorine will require creation of
additional production of fluorine that will increase expenses for final product. Application of HF, as well as
of F,, will lead to generation of the toxic gas SiF, that requires special work and utilization conditions.
Therefore, the use of fluorides and bifluorides, ammonium forrunning desilication is more technologically
profitable [3].

In the study [4], we tried the method that includes baking silicon-containing material by ammonium
bifluorine at a temperature of 200 °C and removal of generated ammonium hexafluorosilicate at a tempera-
ture of 400 °C. The exit gas consisting of (NH,4),SiF, is absorbed by an ammonia water resulting in genera-
tion of alumina consisting of precipitates separated by filtration. After separation of alumina, the solution is
evaporated. The solid residue consisting of the fluoride and bifluoridemix is baked at a temperature of 180—
200 °C with capturing escaping ammonia. Ammonia bifluoride produced after burning is led to burning the
next portion of the silicon-containing material.

The most rational method of desiliconization of a silicon-containing material is the hydrochemical
method [5] according to which the silicon-containing material is leached by the mix of bifluoride (NH,HF,)
and fluoride (NH4F) ammonium at a temperature of 100 °C within 3 hours. Then, highly soluble (NH,),SiFg
is separated by filtration of slurry sludges formed at the pH 5.5-6.0 consisting of hexafluoraluminum
((NHy)3AlF¢)) and hexafluorferrate (NH4);FeFs) ammonium, calcium fluorine, magnesium, and other com-
pounds. The (NH,),SiF¢ water.solution interacts with ammonia water at a temperature of 20—80 °C with
sludging of SiO,.

In order to decrease material and energy expenses the method of hydrochemical leaching of high-silicon
material has been-experimentally studied in this publication, in particular, leaching of the silicon-containing
barite raw material by the ammonium fluoride solution.

Justification of studies of leaching barite raw materials

Chemical enrichment of barium-containing waste involves its desilication. There are several methods of
chemical desilication. One of the methods consists in baking the silica-containing material with ammonium
bifluoride at a temperature of 200 °C and removal of generated ammonium hexafluorosilicate at a tempera-
ture of 400 °C. We tried this method in the study [6]. The other method consists in processing the material by
the ammonium fluoride solution at a temperature ofapproximately100 °C. In such event, silicon is connected
with operating reagent into ammonium hexafluorosilicate and passes to solution. The second method differs
from the first one by smaller energy consumption, simpler instrumentation, and a smaller number of techno-
logical operations demands for less number of technological operations.

With the view to determine efficiency of the given desilication method we carried out studies of leach-
ing the barite raw material by means of the ammonium fluoride solutions corresponding to the scheme
shown in the Figure 1.
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Figure 1. Technological scheme of barite raw material leaching

Leaching the barite raw material may be presented as a corresponding mathematical. model. In order to
create this model, it is necessary to study influence of the different factors on leaching with involving the
method of experiment planning [7].

Studies on leaching are carried out on the waste of flotation enrichment of barite-polymetal ores of the
Karagaily deposit—barite raw material of composition, mass. %: SiO, — 40.0; BaSO, — 37.0; ALO; — 5.3;
Fe —4.6; S —6.8; Zn — 0.6; Pb — 0.5; Cu — 0.2.

In order to study the process of leaching barium-containing' waste three factors are chosen, namely,
leaching temperature (this factor is marked as 7), leaching time'(t), and percentage of the initial ammonium
fluoride solution (C). The factor change range is shown in Table 1.

Table 1
Factors and levels of their variation for studying the process of barium-containing waste leaching
Level
Factor 1 5 3 2 5
T, Temperature, °C 80 85 90 95 100
1, Time, min. 30 60 80 100 120
C, Solution percentage, % 10 20 30 35 40

For each experiment, a charge of barium-containing waste of a certain weight was taken. Then, it was
put into the stainless thermostat container with the ammonium fluoride solution, and leaching was carried out
under a set of conditions with interfusion.

On expiration of leaching/time, solids and liquids were separated by vacuum filtration. Precipitates on
the paper filter were washed off with distilled water. After drying and weighing it was analyzed for silicon
containing by the'chemical. method.

Based on‘the data obtained from the chemical analysis, extraction of a-silicon into the solution was de-
termined. The results are given in Table 2.

Table 2

Influence of the factors of leaching barium-containing wastes on extraction of silicon into the solution

No. of experience T.°C ©. min C.% Extraction of silicon into the solution, %

oE oP

1 2 3 4 5 6

1 80 30 10 35.02 37.15

2 80 80 30 40.61 40.09

3 80 60 20 37.80 39.14

4 80 120 40 41.88 41.18

5 80 100 35 42.73 40.68

6 90 30 30 78.06 76.74

7 90 80 20 79.85 80.00
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Continuation of Table 2

1 2 3 4 5 6

8 90 60 40 86.96 80.09
9 90 120 35 83.52 82.69
10 90 100 10 80.45 79.62
11 85 30 20 57.12 59.68
12 85 80 40 59.26 63.80
13 85 60 35 58.70 62.67
14 85 120 10 61.55 63.07
15 85 100 30 62.11 64.10
16 100 30 40 92.55 93.42
17 100 80 35 96.70 97.99
18 100 60 10 93.12 93.83
19 100 120 30 99.17 99.67
20 100 100 20 97.05 97.85
21 95 30 35 86.20 87.90
22 95 80 10 87.55 89.87
23 95 60 30 86.68 90.82
24 95 120 20 90.21 93.19
25 95 100 40 88.33 93.82

Supposing that the study function was extraction of silicon from barium-containing waste into the solu-
tion we sampled experimental data by levels within factor. The selected experimental values of partial func-
tions are given in Table 3.

Table 3
Experimental values of the particular functions on extraction of silicon to the solution
] Levels
Function 1 5 3 7 5 Average value
o 39.61 59.75 81.77 87.79 95.72 72.33
o 69.79 72.65 72.79 74.13 75.27 72.33
o3 71.54 72.41 73.33 73.57 73.80 72.33

By the experimental values of the functions the dot diagrams of a partial dependence of extraction of
silicon into the solution on examined factors were constructed. They are shown in Figure 2.
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Figure 2. Dependencies of silicon extraction into the solution

By the point data, approximating functions were selected to describe dependence of silicon extraction
into the solution on the studied factors of leaching:

oy =—0.11557" + 23.597— 1109.0; (1)
o, =3.716 In(t) + 57.11; ()
o3 = 1.666 In(C) + 67.61. 3)

According to those equations the values of partial functions were calculated and their average values
were determined. The calculation data are given in Table 4. A minor deviation of the average calculated val-
ues from the general average of the experimental value testifies that equations and dot diagrams are closely
matched.
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Table 4
Calculated values of partial functions by extraction of silicon into the solution
] Levels
Function 1 2 3 7 5 Average value
o 39.00 61.66 78.55 89.66 95.00 72.77
o 69.75 72.32 73.39 74.22 74.90 72.92
o3 71.45 72.60 73.28 73.53 73.76 72.92

Then, the coefficient of nonlinear multiple correlation and the value of the produced partial dependenc-
es were determined. The results are given in Table 5.

Table 5
The R coefficient of correlation and its relevance tR for partial functions in extraction of silicon into the solution

Function R tr Function significance
o 0.99 145.9 Significant
oy 0.98 38.5 Significant
o3 0.99 137.7 Significant

The analysis of particular dependencies shows that in the matrix experiments leaching temperature ex-
ercises the greatest influence on the degree of extraction of silicon into the solution. So, extraction increases
by 56 % on average when temperature increases from 80 °C to 100 °C. Extraction increases throughout the
entire studied interval tending to saturation.

Dependence of extraction of silicon on the time of leaching and on the concentration of ammonium flu-
oride is similar. However, they exercise less influence — in'the studied time intervals and concentration in-
crease of extraction of silicon averages 5 and 2 %, correspondingly.

The generalized multivariable equation for extraction of silicon into the solution made on the basis of
relevant partial dependences looks like that:

a=(=0.11557% + 23.59T — 1109.0)(3:716 In(t) + 57.11)(1.666 In(C) + 67.61)72.33 2. @)

This equation is a mathematical model of silicon extraction from barite raw material by leaching am-
monium fluoride with a solution. The results (Table 2) that show the considerable relationship with experi-
ment data (R = 0.99, tR = 236.4) clearly demonstrate that this model is sufficient.

According to the developed model full extraction of silicon into the solution can be expected at a tem-
perature of 95 Cat an ammonium fluoride solution concentration of 25 % and duration of leaching the barite
raw material of 80 minutes.

Summary

Studies of leaching barium-containing waste allowed getting particular dependences of extraction of sil-
icon into the solution from temperature leaching time and concentration of solution. On the basis of relevant
particular dependences the mathematical model of process is developed, by means of which the optimal
leaching conditions are determined. Two products are derived, namely the solution ammonium
hexafluorosilicate and the chemically enriched desilicated barite concentrate.
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BapuTTik ImKi3aTThI CITIIEY poueci cxeMachblH oiJian Taly KdHe 3epTTey

3epTTey HbICaHbl OAPHUT-MOIMMETANIBIK KEHIH (IOTalMsANbIK OalbITy Ke3iHAe ajbIHFaH OapHTKYpaMzaac
KaJIAbIKTap Ooubin Tabbutazel. MaKaaaHblH MakKcaThl — OapUTKypamaac KaJABIKTap/bl CUITIIEY CXeMachlH
oinmant Taby. XKocmaprmay omiciH KojaHy apKpUIBI OapUTKypaMIac KaIJbIKTapAbl aMMOHHUH (TOPHIIHIH
KaTBICHIHAA CYJBI CUITLIEY SKCIEpHMEHTTepi OTKi3inml. bapurkypampmac KanmbIKTapAbl CLITiiey HMpomeciH
3epTTey YIIH yml (akTop TaHIAN ajbIHABI — CinTiney temmeparypacsl (7), ciiTiiiey yakbITHI (T) JKoHE
aMMoHHNH (ropuai GoifbHIIA GacTanKsl epiTiHAiIHIH MaibBAbK KoHneHTparwsics! (C). KypamblmalbI3abIK
emmemne SiO, — 1.9; BaSO, — 67.3; Fe — 8.4; Zn — 1.09; Pb — 0.91; Cu — 0.36 6onaThlH KPEeMHUIACI3
KOHICHTPAT aly[bl KaMTaMachl3 €TeTiH OapHTKypamzac KajaIbIKTapJAbl CUITUICYIIH THIMII MIAPTTapbl MEH
YPAICTIH MaTeMaTHKaNbIK Yirici anbiHabl. JlabopaTopHsIIblK ImapTTapAa OapuTKypamaac KaJabIKTap.bl
cinTizey cxemachl xacaiasl. bapuTkypamaac KaiabIKTap/bl CUITiIey YPAICIH 3epTrey KpeMHUIAL epiTiHiaeH
HIBIFAPY/IBIH TEMIIepaTypaaH, CilTiiey yaKbIThIHAH JKOHE epiTiHAI KOHIEHTPAUMSICHIHAH KEeKe ToyelIiliK-
TepiH alyra MYMKIHAIK Oepai. ANBIHFaH KeKe TOYeNJUIIKTep Heri3iHae HPOIECTiH MaTeMaTWKAIBIK YITici
anerHABL. OHBIH KOMETIMEH CUITUICYAiH THIMAII [IapTTaphl aHBIKTANAbL. EKi ©HIM alblHAbL OipiHII eHIM —
aMMOHHH TeKCaTOPOCHIIMKAT ePITIHIIICI XKSHE eKIHII OHIM — XUMHUSUIBIK O/IICTIeH OalBITHUIFaH KPEMHHMIACI3
0apuTTi KOHIIEHTPAT.

Kinm co30ep: Gaput, GapuT Kypamasl KaaablKTap, GTOPUATIK TEXHOJOTHS, CINTiiey, KPeMHHH, aMMOHUI
rekcaTOPOCHIIMKATHI, KPEMHUHCI3ACHAIPY.

K.C. Typebexona, .M. OckembekoB, XK.C. OckemOexona, I'.JI. KatkeeBa, E.M. XXynycos

HccnenoBanue n pa3padoTrka cxeM nmpouecca BblllleJIa4YUBAHUS
0apHUTOBOLO ChIPbHSI

OOBEKTOM HCCIEeOBAaHUH SBIIOTCS OapUTCOAEpIKAIIIE OTXOJBI, MOIyIeHHbIE NPH (IoTalMOHHOM obora-
IIeHNH 0apUTO-NONINMETAITNIECKUX pyA. Pa3spaboTka cxeM BEIIIETaYNBaHUS OapUTCOAEPIKAIINX OTXOIOB SIB-
JAETCS LeNIbI0 TaHHOW cTaThH. C. MCIOIB30BaHUEM METOJa IIAHUPOBAHUS IMPOBEACHBI SKCIIEPHUMEHTHI 10
BOZIHOMY BBIIEIAYMBAHUIO OapUTCOAEPIKALINX OTXOAOB B NPUCYTCTBUH (TOpHIa aMMoHud. s uccneno-
BaHMs MpPOLECCa BBIIETaYUBAHNS OAPUTCOIEPIKAIINX OTXOMO0B BBIOpaHbI TPH (hakTopa — TeMIepaTypa Bbl-
menavuBanus (7)), Bpems BbILSTa9rBaHus (T) U HPOLCHTHAs] KOHLIEHTPALUS UCXOJHOTO PacTBOpa o Gpropu-
ny ammonus (C). ITonyueHa MaTeMaTHyecKkas MOJEIb MPOLECCa, M ONpPEJIeIeHbl ONTHMANIbHBIC YCIOBHS BbI-
IIeTauuBaHus OApUTCOAEPKAMNX OTXOMAO0B, 00ECHEeUNBAIONINE MOTydeHIHe 00SCKPEMHEHHOTO KOHIICHTpAaTa
coctaBa, Macc. %: Si02 —1.9; BaSO4 — 67.3; Fe — 8.4; Zn— 1.09; Pb — 0.91; Cu — 0.36. B nabopa-
TOPHBIX YCIIOBHSIX pa3paboTaHa cxeMa BEINIETaYnBaHUS OapUTCOAepKamuxX oTxonoB. VccremoBaHue mpo-
necca BBIHIENAYMBAHUsS OapHUTCOAEPKAIUX OTXOJOB ITO3BOJIVIIN MOJTYYUTh YacTHBIE 3aBHCHMOCTH H3BIIEUE-
HMS KPEMHHS B PacTBOP OT TEMIICPATYphl, BDEMEHH BbIIlIEJIAYMBaHUA M KOHLEHTpauuu pactBopa. Ha ocHo-
BaHHM 3HAYMMBIX YaCTHBIX 3aBUCHMOCTEH IOJyueHa MaTeMaTHYecKas MOJIENb Hpoliecca, ¢ MOMOLIbI0 KOTO-
poit onpeeneHsl ONTHMAIbHbIE YCIOBHA BblllenaunBanus. [lomydensl aBa npoaykra. I[lepBblil mpogykT —
pacTBOp TeKcag TOPOCHINKATA AaMMOHHS M BTOPOH MPOJYKT — OOOTallleHHbIH XMMHYECKUM METOJ0M obec-
KpEeMHEHHEIH 6apHTOBBIN KOHIIEHTpAT.

Knrouegvie crosa: 6apI/IT, 6apI/ITCO,IIep)KaHII/Ie OTXO/[bI, q)TOpHIIHaj[ TEXHOJIOI'MsI, BBIIICIIaYUBAHUE, erMHHﬁ,
FeKcaq)TOpOCHJII/IKaT aMMOHUA, 06eCerMHI/IBaHI/Ie.
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