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DEVELOPMENT OF TECHNOLOGY FOR PROCESSING BARITE
ORE BENEFICIATION WASTE

Abstract. The key task for many processing plants is to fully utilize mineral raw
materials by involving man-made mineral formations in the processing cycle. Cur-
rently, all attention is focused on producing a gravity barite concentrate to meet
the needs of oil and gas industry. During production, hundreds of thousand tons
of intermediate products accumulate, containing a high level of barium sulfate
(57-60%). Intermediate products stored in close proximity create certain problems
and degrade the environmental situation at the industrial site. A gravity concen-
trates and tailings are separated from monobarite ores using a gravity method.
These tailings and screenings make up the waste from barite ore processing.
Attempts to separate the gravity concentrate from this waste have not achieved
positive results. Gravity methods are used to separate the gravity concentrate and
tailings from mono-barite ores. One of the methods for additional recovery barite
from waste is flotation and hydrometallurgy. Under laboratory conditions, flotation
studies were conducted on the barite ore benefication waste to determine the
following optimal operating parameters: grinding fineness, optimal pH value, col-
lector dosages, kinetics of rough and scavenger flotations, and number of cleaning
operations. Based on the test results, the following parameters were established:
grinding fineness P9571 am; optimal pH value =9.2-9.6; collector dosage 140-160
g/t; rough flotation time of 5 minute and scavenger flotation time of 8 minutes.
Keywords: Barite ore, ore benefication waste, barite, gravity, flotation tailings,
yield, graid, recovery, flotation concentrate.

Introduction. The Republic of Kazakhstan is one of the largest pro-
ducers of barite products among CIS countries. Barite is a natural barium
sulfate, characterized by its high density, chemical inertness, whiteness
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and its ability to absorb radiation, including X-rays. It's used as a weight-
ing agent in drilling fluids for oil and gas wells, as an inert filler in special-
ized rubber products, as an alloying additive in ferrous metallurgy, in the
production of cement, plastics, certain types of paper, asbestos-based
products, paints, enamels and X-ray technology [1, 2].

The main consumer is the oil and gas industry, which uses it for deep
oil drilling. 60-80% ofworld’s total barite production is used as a weighting
agent in drilling fluids [1]. In 2013, a decline in barite production began,
from 9.2 million tons in 2012 to 7.3 million tons in 2016. This reduction in
production affected many countries. In China, production decreased from
4.2 million tons to 2.8 million tons, and in India, from 1.7 million tons to 700
thousand tons. However, production volumes in Turkey and Kazakhstan
have not decreased since 2012, but have actually increased slightly [1].
In foreign practice, the use of a gravity process combined with a flotation
processing scheme is well-established. When separating ore with a barite
grade of 20% in a heavy suspension, an intermediate product with a barite
grade of 31% was extracted with a recovery of 85%. By floating this inter-
mediate product, a flotation barite concentrate was obtained with a barite
grade of 92% and a recovery of 80%.

By floating the intermediate product, a flotation barite concentrate
was obtained with a barite grade of 92% and a recovery of 80%. Pro-
cessing schemes are known in CIS countries that process barite ores
using a combined gravity-flotation method. In these processes, the
-5+0.5 mm size fraction was processed by jigging, while the -0.5+0 mm
size fraction was directed to flotation after grinding. From ore with barite
grade of 56%, a concentrate with barite grade of 87% was obtained with
recovery of 87% [2].

The aim of the study. The aim of the work is to develop a combined
technology for processing barite ore to obtain gravity concentrate and
flotation concentrate based on waste from beneficiation of barite ores.

Materials and methods of Research. The initial barite ore was sub-
jected to gravity separation to obtain a gravity concentrate, and the gravity
tailings were subjected to flotation. As a result of experiments conducted
on the Falcon L-40 concentrator in various modes on gravity tailings bar-
ite products were obtained with a barium sulfate content of 66.32-69.32%
and with recovery of 86.98-75.64%. However, a gravity concentrate mee-
ting the requirements of GOST 4682-84 was not obtained from the waste.
Thus, flotation is a primary method for the further recovery of barite from
barite ore benefication waste.
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Results. Flotation studies were conducted on barite ore benefica-
tion waste. Based on the results of the chemical, silicate and assay, it
was established that the waste primarily contains barium sulfate (57.00-
57.71%) and silicon dioxide (43.52%) m. Insignificant amounts were also
determined, including calcium oxide (0.42%), aluminum oxide (0.84%),
manganese oxide (0.0001%), total iron (0.53%) and lead (0.01%). Gold
and silver were not detected. During the granulometric analysis various
fractions were separated, but the sample’s particle size distribution is
insufficient to characterize it. Therefore, it is necessary to determine the
content of the valuable component in the separated size fractions [3].
The content and distribution ofthe main component across all size fractions
was studied in a waste sample that was crushed to a size of -2 + 0 mm.
Table 1 presents the granulometric analysis of the waste sample.

Table 1- Granulometric analysis of the barite ore beneficiation waste sample

Size fractions, mm Yield, % Grade BaS04, % Distribution, %
-2,0+1,0 25,60 42,81 18,99
-1,0+0,5 17,87 45,82 14,19
-0,50+0,25 14,00 54,97 13,34
-0,25+0,10 12,80 64,96 14,41
-0,10+0,071 11,49 71,29 14,19
-0,071+0,045 8,54 78,35 11,59
-0,045+0 9,70 79,08 13,29
Total 100,0 57,71 100,0

Granulometric analysis revealed that as the size fraction decreases,
the barium sulphate content increases from 42.81% (in the -2.0+1.0 mm
fraction) to 79.08% (in the -0.045+0 mm fraction). An increase in the pro-
portion of free barite grains is observed as the size of the waste fractions
decreases.

Figure 1shows the fraction yields, the grade and distribution of barium
sulfate across the separated size fractions.
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mYield, % m Grade BaS04 % m Distribution, %

Figure 1- Yield of fractions, grade and distribution of barium sulfate across the
separated size fractions

Figure 2 shows the experimental scheme for selecting the optimal
grinding fineness and flotation reagent regimes. During the experiments,
oleic acid was used as a collector, sodium carbonate to create pH and
liquid glass (sodium silicate) as a depressant.

Waste
class -2+0 mm

v
Grinding

Sodium carbonate - pH=9,4-9,6
NaiSiCb - depressant
*  Oleic acid - collector

Rough barite flotation
5min Oleic acid - collector

v
Scavenger barite flotation

T Yy 5min

\ T
Total barite product Tailings

Figure 2 - Experimental scheme for selecting optimal flotation regime parameters
20



HoBocTu Haykmn KasaxcTaHa. Ne 1(168). 2026

Figure 3 - Graph of the dependence of barium sulfate yield, grade and recovery
on grinding fineness

From Figure 3, it is evident that: when the content ofthe -0.071 mm fraction is
80%, the recovery is 78.54% with a barium sulfate grade of 69.08% and a yield
of 65.61%; when the content of the -0.071 mm fraction is 90%, the recovery is
89.85% with a barium sulfate grade of 73.18% and a yield of 70.85%; when the
content of the -0.071 mm fraction is 90%, the recovery is 94.88% with a barium
sulfate grade of 73.84% and a yield of 74.15%.

Figure 4 presents graphs showing the dependency at various pH values.
The pulp alkalinity was created by using sodium carbonate, as using lime
(calcium oxide) increases the hardness of the pulp and the deterioration of
barite flotation [4].

From Figure 4, it is evident that: at pH = 8.35 (sodium carbonate con-
sumption 0 gft), the barium sulfate grade is 66.47% with a recovery of
75.59% and a yield of 65.63%; at pH = 9.22 (sodium carbonate consump-
tion 500 g/t), the barium sulfate grade is 70.65% with a recovery of 86.34%
and a yield of 70.53%; at pH = 9.60 (sodium carbonate consumption 800 g/),
the barium sulfate grade is 73.84% with a recovery of 94.88% and a yield of
74.15%; at pH = 9.85 (sodium carbonate consumption 1100 g/), the barium sul-
fate grade is 72.51% with a recovery of 88.82% and a yield of 70.69%. A de-
crease in barite recovery is observed when the pH is increased from 9.85 to
10.00.
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Figure 4 - Dependencies of barium sulfate yield, grade and recovery at various
pH values

The main mineral forms in the barite ore benefication waste are barite
and quartz, with kaolinite, pyrolusite, braunite, psilomelane, iron hydro-
xides and pyrite having secondary importance. Quartz is widespread with
its content in the waste sample being 43.52%.

Liquid glass (sodium silicate) is used to depress the non-metallic mi-
nerals, which selectively depresses quartz and activates barite at low
dosages. However, when calcium ions (Ca2+ are present in the solution,
they adsorb onto the barite. The addition of liquid glass slows down the
flotation of barite [4].

Figure 5 shows a graph of the dependence of barium sulfate yield,
grade and recovery on liquid glass consumption.

From Figure 5, it can be seen that: with a liquid glass consumption of
700 g/t, the barium sulfate grade is 68.08% with a recovery of 94.64% and
a yield of 80.22%; with a liquid glass consumption of 1000 g/t, the barium
sulfate grade is 73.84% with a recovery of 94.88% and a yield of 74.15%.
Increasing the liquid glass consumption from 1000 to 1600 g/t leads to a
decrease in yield and recovery due to the depression of barium sulfate.

Barite (BaS04) is the most easily floatable of the alkaline earth mine-
rals. It floats well with fatty acids, alkyl sulfates and cationic collectors [4].
Oleic acid was used as the main barite collector.
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Figure 5- Graph of the dependence of barium sulfate yield, grade and recovery
on liquid glass consumption.

Figure 6 shows a graph of the dependence of barium sulfate yield,
grade and recovery on oleic acid consumption.

Figure 6 - Graph of the dependence of yield, grade and recovery on oleic acid
consumption
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From Figure 6, it is visible that: with an oleic acid consumption of
100 g/t, the barium sulfate grade is 75.22% with a recovery of 78.14% and
ayield of 59.95%; with a consumption of 120 g/t, the barium sulfate grade
is 73.25% with a recovery of 85.59% and a yield of 67.43%; with a con-
sumption of 140 g/t, the barium sulfate grade is 73.84% with a recovery of
94.88% and a yield of 74.15%; with a consumption of 160 g/t, the barium
sulfate grade is 73.29% with a recovery of 94.84% and a yield of 74.68%.

As a result of the studies conducted, the optimal reagent dosages
were determined: pulp pH = 9.4-9.6, depressant consumption in rough
flotation - 1000 g/t and total collector consumption - 220 g/t. An experi-
ment was conducted using these optimized parameters in a closed-circuit
flotation according to the scheme presented in Figure 7 [5]. The results of
the closed-circuit flotation are provided in Table 2.

Table 2 - Results of the closed-circuit flotation

Products Yield, % Grade()/l?aSO Recovery, %
Barite Concentrate 1 20,15 90,17 33,42
Barite Concentrate 2 11,09 89,60 18,27
Total Barite Concentrate 31,24 89,97 51,69
Tailings 68,76 38,20 48,31
Barite ore benefication waste 100,0 54,37 100,0

From Table 2, it follows that during the processing of barite ore bene-
ficiation waste, a barite concentrate was obtained with a grade of 89.97%
at a recovery of 51.69%. The resulting concentrate is barite concentrate
KB-3, which meets the requirements of GOST 4682-84.

Discussions. The use of a gravity process combined with a flotation
beneficiation scheme is well-known. An intermediate product is sepa-
rated using the gravity method, and a flotation barite concentrate is ob-
tained by floating this intermediate product. Barite ores are processed
using a combined gravity-flotation scheme: the -5+0.5 mm size fraction
by jigging, while the -0.5+0 mm size fraction by the flotation. In this work,
a gravity-flotation scheme was developed to obtain a gravity concen-
trate, and a flotation concentrate from the barite ore beneficiation waste
(Figure 7) [9].
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Figure 7 - Flotation scheme for processing barite ore beneficiation waste
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Conclusion. Based on the conducted research on barite ore benefici-
ation waste under optimally selected conditions, a closed-circuit flotation
was carried out. The following results were obtained: barite concentrate 1
with a barium sulfate grade of 90.17%, a recovery of 33.41% and a yield
of 20.15%; barite concentrate 2 with a barium sulfate grade of 89.60%), a
recovery of 18.27% and a yield of 11.09%; total barite concentrate with
a barium sulfate grade of 89.97%, a total recovery of 51.69% and a total
yield of 31.24%.

Research funding source. This research is funded by the Committee
of Industry of the Ministry of Industry and Construction of the Republic
of Kazakhstan under program-targeted funding for scientific research for
2024-2026, BR23991563: “Creation of Innovative Resource-Saving Tech-
nologies for Mining and Integrated Processing of Mineral and Technogen-
ic Raw Materials.”
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BAPUT KEHIH BANBITY KAMAbIKTAPbIH 0BAEY TEXHO/IOTNACHIH
O31PNEY

TYWingeme. geyre eHnsy apKbinbl MUHepangbik pecypctapabl ToNbIK naiigana-
Hyra KOs XeTi3y KenTereH kaanopbiHAap YWiH Hen3n mwaeTt 60nbin Tabblnagbl.
Kaszlprl yakbiTTa 6ap/iblk Hasap MyHai-ra3 canacblHbly KaXeTTwTTepbl kaHa-
rattaHabipy YLWiH rpaButauusaiblk 6apuT KOHULEHTPaTbIH eHAipyre 6arbiTTanraH.
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O©HAipicTIK KbI3MEeT npoueclige kypambiHga 57-60% 6apuii cynbdaTbl 6ap XY3-
AereH MblH TOHHa eHepkoanTT apanbik OHM xunHanaabl. Tikeneil xakbiH Xepae
cakTanraH apanbik eHimgep 6enrini 6ip mocenenep Tyrbi3agbl XoHe OHepk8cin
anaHblHAarbl 3KONOrMANbIK Xarganabl 6ysaabl. MoHO6apUTTI keHAEPAEH rpaBu-
Tauusanblk T8CIIMEH rpaBMOKOHLUEHTpaT neH kangbliktap 60niHeni. Kangbiktap
MeH cebiHginep 6apuT KeHw 6alibiTy KangbiKTapblH Kypangbl. KangbiktapgaH
rpaBMOKOHLEHTpaT 60nin any oH HOTMXe 6epreH Xok. KangbliktapgaH 6aput-
T TOJbIK albIKTbIPYAbIH 6ip Tocini cdnoTaunsa xoHe rugpomertannyprus 6onbin
Tabblnagbl. 3epTxaHanblk Xargahnapga pexuMmiik napameTpnepgi tadgay
6oliblHWAa 6apuT KeHiH GaiblTy KangblkTapblHAa doTayusanbik 3epTreynep
XYpri3ingi: yHTaktay gopexeciH TaHgay; pH OHTainbl MOHI; XUHarbllWTapAblH
WbIrblHAApbl; Herlrl oHe Gakbinay h/10TaUUACBIHbIH KMHETUKACBIH aHbiKTay;
TasapTy onepayusnapbiHbiH CaHblH aHblkTay. ToXipube HoTwXenepi 6onbiHWA:
ycaktay gopexec P9571 mkm; pH = 9,2-9,6 OHTai/bl MOHIi; XUHarblWTapAblH
WhIrbiHbl 140-160 r/T; Hen3n goTaunsAHbiH YakblTbl 5 MUHYT >XOHe 6Gakbinay
cdnoTaumacel 8 MuHyT. TYWiHgi cesgep. Baput kebl, 6aiibiTy Kangblktapbl, 6a-
puT, rpaBuTaumns, notauma Kangblktapbl, WeirbiM, YAec, ansiM, notauusanbik
KOHLeHTparT.

TYNHAI ce3nep: bapuT kebl, 6aiibiTy KangbikTapbl, 6apuT, rpasutauns, diota-
umMs Kangblktapbl, WbIrbiM, YNec, anbiM, 10TaLmaiblk KOHLEeHTpaT.
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Iounnnan PIrM «HL, KMMC PK» THMOM3 «KasmexaHobp», r. Anmatsl, KasaxcTtaH
XBocToyHoe PypoynpasneHue», r. Anmatbl, KaszaxctaH

XBbaput BocTok» Ad «BocTouHoe PypoynpasneHve», r. Anmatbl, KasaxcraH

PA3BPABOTKA TEXHONOIN MEPEPABOTKN OTXOA40OB OBOTrALWEHNA
BAPVTOBOW PYAbl

AHHOTauuMsa. Peanusauus npo6/embl NOMHOTHI WCMOMb30BAHUS MUHEPASILHOTO
Cbipbsl 32 CUeT BOB/lIeYeHUs1 B NepepaboTKy TEXHOTEHHbIX MUHEPasbHbIX 06pa3o-
BaHWi SIBNSIeTCA OCHOBHOI 3agayeil Ha MHOTMX NpeAnpusATHsX. B HacToslliee Bpe-
Msi BCE BHUMaHWe yfensetcs Ha nosyyeHue rpaBUTaLMOHHOIO GapuUTOBOMO KOH-
LieHTpaTa N1 yA0BNeTBOPEHNUs NoTpeGHoCTel HedyTe-ra3oBoli NPOMBbILLISIEHHOCTY.
B npouecce Npou3BOACTBEHHON AEATENbHOCTY CKAN/IMBAOTCA COTHU ThICAY TOHH
NPOMNPOAYKTOB C BbICOKUM CoOfiepXaHuem cynbgata 6apus 57-60%. 3acknaau-
poBaHHble B HenocpeACTBEeHHOW 6/M30CT NPOMMNPOAYKThI CO3Aal0T onpeseneH-
Hble NPO6/EeMbl U HApYLLAKT 3KO/IOrMYeckylo 06CTaHOBKY Ha npomnsolaake. U3
MOHO6apPUTOBbLIX Py rPaBUTALMOHHBIM CMOCOGOM BbIAENSIOT rPaBUOKOHLLEHTPAT
M XBOCTbI. XBOCTbI 1 OTCEBbI COCTaBASAT OTXObl 06oralleHusi 6apuToBoi pyabl.
BblAeNMUTb M3 OTXOA0B FPABUOKOHLEHTPAT He Aano MOMOXMTENbHbIX pesy/bTa-
TOB. OAHUM 13 cnoco60B AOM3BNeUYeHUs 6apuTa U3 0TXOA0B ABNATCA poTauus
U ruapomeTannyprus. B na6opaTopHbIX YCMOBUSX NPOBefeHbl (0/I0TaLMOHHbIE
1CCneaoBaHusi Ha oTxodax o6orauieHusi 6apuToBO pyabl MO NOAGOPY PEXUM-
HbIX MapaMeTpoB: noaGopa CTeneHu W3MesbYeHUs; ONTUMasIbHOro 3HauYeHus
pH; pacxogoB co6uparteneii; onpeaeneHnsi KUHETUKM OCHOBHOW W KOHTPOJIbHOM
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chnoTaumm; onpeaenieHne KonmM4yecTsa NePeUnCTHbIX onepaumii. Mo pesynbtaTam
OMbITOB YCTAHOB/IEHO: CTENEHb M3MesbYeHns P9571 MKM; onTMMasibHOe 3HavYeHue
pH = 9,2-9,6; pacxog cobupartenein 140-160 r/T; BpemMsa OCHOBHOI chnotaumm 5 un
KOHTPO/IbHOU 8 MUHYTHI.

KntoueBble cnoBa: baputoBas pyaa, oTxoabl oboraleHus, 6aput, rpaButauus,
XBOCTbI (pnioTauun, BbIX0A, coAepxaHue, u3sievyeHne, 0TaLUUOHHbIA KOHLEHT-
par.
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CTaH

PA3PABOTKA TEXHOIOMMN MEPEPABOTKM OTXO/OB OBOrA-
WEHNA BAPUTOBOW PY/bl

AHHOTauus. Peanusauusi npo6aembl MOMHOTbI UCMNO/Ib30BAHUS MUHEPASIbHOTO
CbIpbsi 3a CUET BOB/IeUEHNs B NepepaboTKy TEXHOreHHbIX MUHepasibHbIX 06pa3o-
BaHW1 ABNAETCA OCHOBHOIM 3afayeil Ha MHOTMX NpeanpuaTUaX. B HacTosilwee Bpe-
MSl BCE BHUMAaHMWE yAensieTcs Ha NosyyeHne rpaBMTaUMOHHOIO 6apuMTOBOrO KOH-
LeHTpaTa A1s yL0BNeTBOPeHUs NoTpebHocTel HedTe-ra3oBoi NPOMBbILLIEHHOCTH.
B npouecce Npov3BOACTBEHHOW AEATENBHOCTU CKAN/IMBAKTCA COTHU ThICAY TOHH
NPOMNPOAYKTOB C BbICOKUM COAepxaHneM cynbgarta 6apus 57-60%. 3acknagu-
poBaHHble B HEMoCpefCTBEHHON 6/130CTM NPOMNPOAYKTHI CO34al0T onpeeseH-
Hble NPO6aEMbl ¥ HapyLUAKT 3KOOTMYeCcKyr0 06CTaHOBKY Ha npomnaouianke. M3
MOHO6apUTOBbLIX PyA rpaBUTaALMOHHLIM CMOCO60M BblAENAOT FPaBUOKOHUEHTpaT
1 XBOCTbI. XBOCTbl 1 OTCEBbI COCTaB/SAT OTX0Abl 060ralleHus 6apuToBOl pyabl.
BblaennTb M3 OTXOA0B FPaBMOKOHLLEHTPAT He [asio MOMOXUTENbHbIX pe3yfbTa-
TOB. OHUM U3 CNOCO6OB A0M3BNEYeHUs1 GapuTa U3 0TXOA0B ABNSATCA hroTaums
n rugpomeTtannyprus. B nabopaTopHbIX yCNoBusix npoBeAeHbl h/i0TauNOHHbIe
nuccnefoBaHns Ha oTxogax oboralieHusi 6apuToBON pydbl NO NOAGOPY PeXum-
HbIX MapameTpoB: nogbopa CcTeneHW u3MeslbYeHUs; ONTUMasIbHOro 3HayeHus
pH; pacxogoB cobupaTeneil; onpefeneHns KMHETUKM OCHOBHOW U KOHTPOJIbHOM
dhnoTaumm; onpeaeneHne KomM4yecTsa NePeUnCTHLIX onepaumii. Mo pesynbtaTam
OMbITOB YCTAHOB/IEHO: CTENEHb M3MesNbYeHns P9571 MKM; onTMMasibHOe 3HavyeHue
pH = 9,2-9,6; pacxog cobuparteneii 140-160 r/T; Bpemsa OCHOBHOI dhnotaumm 5 un
KOHTPO/IbHOI 8 MUHYTBI.

KntoueBble cnoBa: baputoBas pyaa, oTxofbl o6oralleHusi, 6apuT, rpaBuTaums,
XBOCTbI (pnoTauum, BbIXOA, coepXaHune, U3BneveHre, 0TaUNOHHbIA KOHLEHTPAT.

BBepneHue. Pecnybnvka KasaxcTaH sIBASIeTCA OAHUM W3 KPYMHEMLUUX
npoayLeHToB 6apuTOBOI Npoaykuun cpean ctpadH CHI. BapuT - npupog-
Hblil cynibdpaT 6apusi, XxapakTepusyoLWMIiCA BbICOKON NM/IOTHOCTLID, XMMUYe-
CKOW MHEPTHOCTbIO, GENW3HOW, CNOCOBGHOCTLIO NOr/IoWaTe paguoaKTUBHbIE
M3/Ty4yeHUsi, BKIKOUAsi PEHTIEHOBCKME Ny4n. BapuT NpUMEHSIOT B KayecTBe
yTskenutens 6ypoBbiX PacTBOPOB Npu OypeHurM HeqTAHbIX U ra30BbiX
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CKB&XWH, WHEPTHOTO HAaMo/IHUTENA B CneuunasibHble pesuiHbl, NerupyoLwmx
[06aBOK B YepHOW MeTannyprum, npy npon3BoACTBE LieMeHTa, nnacrmacce,
HEKOTOpbIX COpPTOB Oymarn, B acbecTOTeXHUYeCKMX U3Lenusx, Kpackax,
amansix, peHTreHoTexHuke [1,2].

OcHOBHOW NoTpebutenb - HedhTerasofo6bIBaOWas NPOMBbILLIEHHOCTb,
NCNosb3ylowas ero npu rny6okoM 6ypeHun HeddTSHbIX CKBaXUH. 60-80%
BCEro Mpou3BOAMMOro B Mupe GapuTa MUCNONb3yeTcs B KayecTBe yTsKe-
nntens 6ypoBbiX pacTBopoB [1]. B 2013 r. Hayanocb CHMXeHWe 06BbEMOB
[o6blun 6aputa, ¢ 9,2 MAH. TOHH B 2012 1. go 7,3 M/H. TOHH B 2016 T.
CHmxeHne 06beMOB A00bluM HGapuTa KOCHY/I0Cb MHOrMX cTpaH. B Kutae
[06blua cHM3nAachb ¢ 4,2 MIH. TOHH A0 2,8 M/H. TOHH, B IHaun - ¢ 1,7 M/H.
TOHH A0 700 TbIC. TOHH. BMmecTe ¢ aTuM, 06BbeMbl f06biun B Typuun 1 Ka-
3axcTaHe ¢ 2012 r. He cokpaTWINUCb, @ HA06OPOT HECKONbKO Bbipocan [1]. B
3apy6exHOl NpaKkTUKe M3BECTHbI MPYMEHeHVe rpaBuTaLMoOHHOro npolecca
B coyeTaHun ¢ b1I0TauMoHHON cxemMoii oborateHus. Mpu pasgeneHnm B Ta-
Xenoi cycneHsun npu cogepxaHun B pyge 20% 6aputa BblAeNNAN NPOM-
NPOAYKT C cofepxaHnem 31% 6apuTa npu m3snedveHun 85%. MNpu cnoTa-
UMM NpPoMNpPoAyKTa Noayumsn NoTauMOHHBIA 6apuTOBbLI KOHLEHTpaT C
cogepxaHuem b6aputa 92% npu m3sneveHun 80%. M3BeCTHbI CxeMbl 060-
raweHns B ctpaHax CHI, nepepabartbiBaloline 6apuToBblie pyabl N0 KOM-
BGUHMPOBAHHON rpaBUTaLMOHHO-GI0TALNOHHON cxeme. Knacc -5+0,5 mm
nogsepranu orcagke, kiacc -0,5+0 MM nocne v3mMesibYeHUs Hanpasisv
Ha cpnoTauuio. 3 pyabl ¢ cogepxaHnem 56% 6apvta nonyvyeH KoHueHTpar
C coepxaHuem 87% 6aputa npu nssnedeHnn 87% [2].

Llenb nccnepoBaHua. Lenb paboTbl - paspaboTka KOMOGUHMPOBaH-
HO TexHonorny nepepaboTkm 6apuTOBOI pyAbl C NOSYyYEHUEM TrpaBu-
TaLMOHHOr0 KOHUEeHTpaTa M (pbJoTauUOHHOMO - Ha oTxo4ax oboralieHus
6apuTOBbLIX pyA.

MeToabl nccnegoBaHusa. McxogHasa 6aputoBas pyga nogsepranach
rpasuTaumm C MoslyyeHneMm rpaBUTALMOHHOIO KOHLUEHTpaTa, a XBOCThI
rpaButauuun - dnotaumu. MNpoBeAeHHbIMW OMNbiTaMU Ha KOHLEeHTpaTope
Falcon L-40 B pa3/iMyHbIX pexumax Ha XBOCTax rpaButauuu, nosyyeHsbl
6apunToBble MPOAYKTbI C cogepXaHuem cynbgata b6apua 66,32-69,32%
npu u3sneyeHnn 86,98-75,64%. Ha oTxopax He Mosy4vyeH rpaBuTauUOH-
HbIl KOHLEHTpAT, COOTBETCTBYOWMNIA TpeboBaHusam FOCTa 4682-84. Ta-
KM 06pa3oM, OCHOBHbIM M3 CNOCO60B A0M3BeYeHUs 6baputa U3 oTXo40B
oboralleHna 6apuToBON pyabl ABASETCA duioTauus.

PesynbTaTbl uccnegoBaHusa. Ha oTxogax oboralleHus 6aputoBol
pyabl npoBefeHbl hnoTaunoHHbIe uccnefoBaHus. Mo pesynbtataMm Xu-
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MUYECKOro, CUIMKATHOrO M NPOGMPHOro aHasM30B YCTAHOB/IEHO, YTO B
0TXo4ax, B OCHOBHOM, MPUCYTCTBYIOT cynbdat 6apusa 57,00-57,71% n
puokeunp kpemHusa 43,52%. B He3HauuTesibHbIX KOoJinyecTBax onpepge-
NneHbl cogepXaHna okcmpa kanbuma 0,42%, okcnpga antomuHus 0,84%,
okcnpga mapraHuya 0,0001%, xenesa day 0,53%, ceunHuya 0,01%. 301074,
cepebpa He o6HapyxeHo. [lpu rpaHy/OMeTpuyeckoM aHanuie Bblae-
NleHbl pasfiyHble hpakumm, ogHaKo xapakTepucTuka npobbl ¢ pacnpe-
AefneHveM 4yacTul No pasmepamMm HefocTatoyHa, Mo3ToMy HeobXxoaumo
onpeaenuTb CofepXaHne LeHHOro KOMMOHEHTAa B BblAesfIeHHbIX Kaccax
KpynHoctu [3]. Ha npo6e oTxo4oB, Apob6aeHHOoN Ao knacca -2+0 MM, n3-
YYEHO Coep)xaHune W pacrnpejesieHe OCHOBHOrO KOMMOHEeHTa Mo BCEM
knaccam kpynHocTtu. B Tabnuue 1 npuvBefeH rpaHysioMmeTpuyeckuii aHa-
nun3 nNpobbl 0TXOA0B.

Tabnuua 1- MpaHy/iOMeTpUYeCcKUin aHanns Npobbl OTXOA0B oboralleHus
6apuToBOW pyabl

Knacce! mﬂynHocm, Bobixog, % Cgp,a%%i(:%/l;le PacnpeneneHnue, %
-2,0+1,0 25,60 42,81 18,99
-1,0+0,5 17,87 45,82 14,19
-0,50+0,25 14,00 54,97 13,34
-0,25+0,10 12,80 64,96 14,41
-0,10+0,071 11,49 71,29 14,19
-0,071+0,045 8,54 78,35 11,59
-0,045+0 9,70 79,08 13,29
NToro 100,0 57,71 100,0

paHyNnoMeTpUYECKMM aHasIM30M BbISIB/IEHO, YTO C YMEHbLLEHNEM KpYM-
HOCTU KnaccoB HabnwpaeTcs NOBbILWEHUE coAepxaHusa cynbdara 6apus
c 42,81% (knacc -2,0+1,0 mm) go 79,08% (knacc -0,045+0 mm). YBenuye-
HVe fonv cBob6oAHbIX 3epeH bapuTa HabnwaaeTcs No Mepe YMeHbLUEHUA
KPYNMHOCTU  K/1accoB OTX0A40B.

Ha pucyHke 1 npuBefeHbl BbIXxO4a KlaccoB, COAepXaHue u pacnpepge-
neHuve cynbata 6apusi No BblAe/EHHbIM Kaccam KpYmnHOCTW.
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PucyHok 1- BbIXog KnaccoB, coaepxaHue u pacnpegesieHne cynbara
6apusa no BblAENEHHbIM Kfaccam KpPYmHOCTK

Ha pucyHke 2 npuBegeHa cxema OnbITOB MO MoAGOopY ONTUMasbHOM
CTENeHU U3MeSNIbYEHNSI U peareHTHbIX pexumoB donotauyun. Mpu nposeae-
HUW OMbITOB GbI/IN UCMO/Mb30BaHbI B KAYeCTBe: coGupaTtens - osfieuHoBast
kucnota, Ans co3gaHua pH - coaa, fenpeccopa - XWAKOE CTEKNO.

OTxofabl
Knacc -2+0 MM

M3menbyeHune

KhAZ?-? pH=9,4-9,6
NaiSiOj - genpeccop
¥ 01 wcnora - COBMpaTeNb

OcHoBHas 6apuToBas noTayms

Smun 01 kucnora - COBMPATENb
v
KoHTponbHaa 6aputosas (ioTtauns

5MMH
v
O6LWKii 6apnToBbIi XBOCTbI
npoayKT OTBaNlbHble

PucyHoK 2 - CxemMa npoBefeHns TeCTOBbIX OMbITOB MO NOAGOPY ONTUMAasbHbIX
PeXUMHbIX NapaMeTpoB hoTayuu
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M3 pucyHka 3 BUAHO, 4to npu cogepxaHun 80% knacca -0,071 Mm n3-
B/leYyeHue coctasnseT 78,54% npu cogepxaHum cynbdata 6apus 69,08%
n BbIXoAe 65,61%; npu cogepxaHun 90% knacca -0,071 MM n3BeyeHune
89,85% npu copepxaHumn cynbata 6apus 73,18% u Bbixoge 70,85%; npu
cogepxaHun 90% knacca -0,071 mm u3BnieyeHne coctasnaet 94,88% npu
cofepxaHun cynbarta 6apua 73,84% u Boixoge 74,15% (PucyHok 3).

Ha pucyHke 4 npusegfeHbl rpadinky 3aBUCUMOCTU MPU PasfINYHbIX 3Ha-
YyeHuax pH. LenoyHocTb Nynbhbl co3jaBanacb COAOW, Tak Kak M3BecTb
NPUBOANT K YBEIMYEHWNIO XXECTKOCTW MyNbMNbl U yxyaweHno dpnotaumm 6a-
puta [4].

PucyHok 3 - padmk 3aBMCMMOCTU BbIXO4a, COAEPXAHNSA, N3BEYEeHNS
cynbgpata 6apnsi OT TOHWHbI NoOMona

M3 pucyHka 4 BugHo, yto npu pH = 8,35 (pacxopg cogbl O 1/T) copep-
XaHue cynb(ata 6apua 66,47% npu wussnedeHun 75,59% u BbIXoAe
65,63%; npu pH = 9,22 (pacxog cogpl 500 r/T) cogepxaHue cynbdaTa
6apusa 70,65% npu n3sneveHun 86,34% u sBbixoge 70,53%; npu pH = 9,60
(pacxopg cogpl 800 r/T) cogepxaHue cynbpaTta 6apua 73,84% npu nssne-
yeHun 94,88% u Bbixoge 74,15%; npu pH = 9,85 (pacxopg cogpl 1100 r/1)
cogepxaHue cynbaTta 6apua 72,51% npu nssnedeHun 88,82% 1 BbIXO-
ae 70,69%. Mpu nosbiweHun pH =c¢ 9,85 go 10,00 HabngaeTcsa CHUXe-
HWe n3BnevyeHns Gaputa.
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PUCYHOK 4 - 3aBUCMMOCTU BbIX0Aa, COAEPXAHUS U U3BNEUYEHUs cynbdaTa
6apus Npu pasfiMyHbiX 3HaYeHusax pH

B oTxopax oboraweHuss 6apuToBOi pyabl rNaBHbIMW MUHEpPasbHbIMU
hopmamu ABNAKTCA 6apuT U KBapL, NOAYMHEHHOE 3HAYEHME MMEIT Kao-
JINHWT, MUPOMIO3UT, 6payHUT, NcuoMenaH, rmMapokCcuabl Xxenesa, NUpPUT.
KBapL, pacnpocTpaHeH MOBCEMECTHO, €ro cogepxaHue B npobe oTX040B
coctaBnseT 43,52%. [Ana genpeccun HepyAHbIX MUHEPasioB UCMONb3YOT
XnAKkoe CTekno, KOTopbli n3bupaTtensHo genpeccupyeT KBapL, U npu ma-
NbIX pacxojax aktueupyet 6apuT. OAHAKo Npu Ha/MyuuuM B pacTBope Wo-
HoB Ca2+, KoTopbIli agcopbupyetca Ha 6apute, npu 4o6aBEHNN XNAKOTO
ctekna dnotaumsa bapuTa 3amegnsietcs [4].

Ha pucyHke 5 npuBefeH rpadmk 3aBUCUMOCTU BbIXO4a, COAEpXaHUs n
n3BneveHns cynbdata 6apusa 0T pacxoaa XUAKoro cTekna.

M3 pucyHka 6 BWAHO, Y4TO NpW pacxofe OfIeMHOBOIN kucnoTtbl 100 r/T
cogepxaHune cynbpata 6apus 75,22% npu u3sneveHun 78,14% wn BbIxXo-
ne 59,95%; npu pacxoge 120 r/T cogepxaHue cynbdata bapusa 73,25%
npu mssneveHmn 85,59% un BbiIxoge 67,43%; npu pacxoge 140 r/T co-
nepxaHue cynbtpata 6apua 73,84% npu nssnedeHnn 94,88% u Bbixoae
74,15%; npn pacxoge 160 r/T cogepxaHue cynbdaTta 6apusa 73,29% npu
n3sneveHnn 94,84% wu Bbixone 74,68%.

B pesynbTaTe nNpoBefeHHbIX UCCNefoBaHuii onpegenieHbl onTumalsib-
Hble pacxofbl peareHToB: pH nynenbl = 9,4-9,6, pacxop aenpeccopa B
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OCHOBHYO onioTaumio - 1000 r/1, o6wmii pacxoq cobupatens - 220 /1.
B oTpaboTaHHOM pexume MpoBefeH OMNbIT B 3aMKHYTOM ULWKNEe M0 CXe-
Me, NpVBeAEeHHON Ha pucyHke 7 [5]. B Tabnuue 2 npusefeHbl pesynbTaThl
3aMKHYTOr0 onbITa.

PuCyHOK 5 - Tpadpuk 3aBUCMMOCTM BbIXOAa, COAEPXKaHUSt U U3BMeUYeHUs
cynbarta 6apus oT pacxofa XUAKoro ctekna.

M3 pucyHka 5 BuMaHO, 4TO Npu pacxopge xuakoro crekna 700 r/T co-
nepxaHue cynbtpata 6apua 68,08% npu nssnedeHnn 94,64% un Bbixoge
80,22%; npwu pacxoge xugkoro ctekna 1000 r/T cogepxaHue cynbgata
6apusa 73,84% npu nssneveHun 94,88% u Boixoge 74,15%. YBenumyeHue
pacxoga xugkoro ctekna ot 1000 go 1600 r/T npuBOAUT K CHUXEHUIO Bbl-
Xo4a 1 U3BJIeYEeHUs 3a cYeT Aenpeccun CepHOKMUCNOro bapus.

Baput BaSO4- Hanbonee nerko ioTMPYEMbIA 13 LET04YHO3EME b-
HbIX MUHepasioB. OH XopoLwo (I0TUPYETCH C XUPHLIMWU KUC/oTaMu, an-
Knncynbaramm, KaTMOHHbIMKU cobupartenamu [4].

B kauecTBe OCHOBHOro cobupatesnsa 6aputa MCNONb30Bas/IM OJIEUHO-
BYIO KMcnoty. Ha pucyHke 6 npuBefeH rpaduk 3aBUCUMOCTU BbIX0Aa,
cofepXaHus 1 U3BeYeHns CepHOKMNCNoro 6apusi oT pacxofa 0/1eMHOBO
KUCNOTbI.
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Bu 3-

Pacxopg cobupatens, /T
Bbixopg," CogeprkaHue BaSo 4, % V13BneyeHue,

PuCyHOK 6 - padpuk 3aBUCMMOCTM BbIXOAA, COAEPXKAHUS U U3BNEUYEHUS
0T pacxofa 0N1eMHOBON KUCNOTI

Ta6nuua 2 - Pe3ynbTaTbl 3aMKHYTOro OnbITa

Knaccbl hl;?nynHocm, Bbixoa, % C%p,a(‘asrg(:g/l;le Pacnpe,;fneHme,
-2,0+1,0 25,60 42,81 18,99
-1,0+0,5 17,87 45,82 14,19
-0,50+0,25 14,00 54,97 13,34
-0,25+0,10 12,80 64,96 14,41
-0,10+0,071 11,49 71,29 14,19
-0,071+0,045 8,54 78,35 11,59
-0,045+0 9,70 79,08 13,29
NToro 100,0 57,71 100,0

N3 Ttabnuubl 2 cnegyet, 4To nNpu nepepaboTke OTX0L4OB ob6orauie-
HUs 6apuTOBON pyAbl NOMyYeH 6apUTOBbLIA KOHLEHTpAT C COAepXaHueM
89,97% npu nssneveHnn 51,69%. MonyyeH 6apuTOBbLIN KOHUEHTpaT KB-3,
cooTBeTcTBYtoWMit FTOCTy 4682-84.
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PucyHok 7 - ®noTaynoHHas cxeMa nepepaboTku 0TX040B oboraleHus
6ap1TOBOIN pyabl
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O6cyxaeHe pe3ynbTaTtoB. V3BeCTHbl MNpUMEHeHue rpaBuTauu-
OHHOrO npouecca B covyeTaHun C PIOTaUMOHHON CXeMOW oboraweHus.
paBuUTaLMOHHbIM METOAOM BbIAENAT MNPOMMAPOAYKT U npu dnoTaumnm
npomMnpoAykta nosiyyeH d/IoTauMoHHbIA 6apuUTOBLIA KOHUeHTpaT. [le-
pepabaTbiBalOT 6apuTOBbIE pyAbl N0 KOMOWHWPOBAHHOW rpaBUTALUOH-
HO-chl0TaLMOHHOW cxeme: knacc -5+0,5 mm - oTcagke, a knacc -0,5+0
MM - doioTaumn. B pgaHHon paboTe paspaboTaHa rpaBuMTauMOHHO-G10-
TaluMoHHas cxema C MnoJlyyeHMeMm rpaBuUTaLMOHHOIO KOHLUEeHTpaTta, a u3
0TX0J0B ob6orauleHus 6apuToBOl pyapl - PNOTALMOHHOIO KOHLEeHTpaTa
(pucyHok 7) [5].

BbiBO4. Ha ocHOBaHUM nNpoBeAeHHbIX WCCNnefoBaHWUi Ha oTxofax
oboraweHms 6apuToBOil pyAabl B ONTUMasibHO MNOAOGPAaHHbLIX pexumax
npoBefeH 3aMKHYTbIA ONbIT.

MonyyeHbl: 6apuTOBLIA KOHUEHTpaT 1 c cogepxaHueMm cynbgarta
6apusa 90,17% npu n3sneyveHun 33,41% un Bbixoge 20,15%; 6apuTOBbINA
KOHLEHTpAaT 2 C coaepxaHnem cynbgata 6apusa 89,60% npu 1M3BneveHnn
18,27% 1 Bbixoge 11,09%; cymmapHbIii 6apuUToBbLIA KOHLEHTpAT C coaep-
XaHnmem cynbaTta 6apua 89,97% npu ussnedeHnn 51,69% un BbIxoae
31,24%.

MCcTOYHUK (huHaHCUMpOBaHUA uUccnefoBaHuin. [laHHoe uccnegosa-
HVe (puHaHcmpyeTcs KOMUTETOM MPOMbILLIEHHOCTM MuHUcTepcTBa npo-
MbILLNEHHOCTN W cTpouTenbcTBa Pecnybnukn KasaxctaH B pamkax ue-
NeBOro PMHaAHCUPOBAHMWS Hay4HbIX MccnegoBaHuin Ha 2024-2026 roabl,
BR23991563: «Co34aHne MHHOBALMOHHbIX pecypcocheperatumnx TeXHO-
noruvi ana Ao6blunm M KOMMNEKCHON nepepaboTku MUHEPasbHOro U TeXHO-
FeHHOro Cbipbsa».1
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