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ABSTRACT

Purpose. Galena and barite are the principal minerals of lead and barium respectively. Both minerals are used exten-
sively in industries because of their distinct properties. In complex poly metallic ores, it is always desirable to pro-
duce separate mineral concentrates for subsequent metal extraction. Separation of two or more minerals from com-
plex low-grade multi-metallic ore into commercial grade concentrates requires suitable process.

Methods. This research work is centered on development a suitable process for the beneficiation of a low-grade
galena-barite ore originating from Khuzdar region (Balochistan Province, Pakistan).

Findings. The low-grade ore assaying 39.90% Pb and 24.64% BaSO, was beneficiated on bench-scale by sequential
froth flotation process to recover valuable galena and barite concentrates. The important variables of froth flotation
process such as feed size, pulp pH, pulp density, impeller speed, type and quantities of flotation reagents, pulp condi-
tioning time and froth collecting time were optimized to achieve maximum recovery and grade of both concentrates.
The rougher galena and barite concentrates were re-ground separately and subjected to one cleaning flotation to
obtain better grade final concentrates of respective minerals.

Originality. A process flow-sheet was designed in the light of this study.

Practical implications. Froth flotation experiments showed that a galena concentrate containing 77.38% Pb with
recovery of 90.64% and a barite concentrate assaying 90.23% BaSO4 with recovery of 80.16% could be recovered
from this ore. Both the concentrates fall in the category of metallurgical and chemical grades and are suitable for
industrial applications.
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1. INTRODUCTION

Galena is a primary lead-containing mineral. Other
commercially significant lead-containing minerals are
cerussite (PbCOs3) and anglesite (PbSO4). These are
known as secondary minerals because they are derived
from galena through natural actions such as weathering.
Galena (PbS) often contains silver, zinc, copper, gold,
cadmium, bismuth, arsenic and antimony. Utilization of
these resources is of significant economic importance
(He, Wang, & Yan, 2010; He, Xu, & Fu, 2010). Galena
is very widely distributed and occurs in veins, often with
sphalerite, pyrite, chalcopyrite, tetrahedrite. It is also
found in pegmatites and as replacement bodies in lime-
stone and dolomite rocks with garnets, feldspar, diopside,
rhodonite and biotite. The commonly occurring gangue
minerals are quartz, dolomite, calcite, barite and fluorite

(Wills, 1992). Galena may contain up to 0.5% silver and
is also an important source of the silver metal (Ajayi,
Ajayi, & Blessing, 2005).

Galena is roasted and smelted to produce lead metal
on commercial scale. Lead is a strategic metal used in the
production of ammunition. It is also used to manufacture
lead acid batteries, hardening element in various non-
ferrous alloys, an octane enhancer in petroleum, in ma-
king various types of protective devices against radia-
tions and to provide corrosion protection in severe envi-
ronment. Lead compounds such as litharge, red lead,
white lead, lead peroxide, lead nitrate, lead chromate and
tetra ethyl lead are used in various industries. Barite is an
industrial mineral mainly used as weighting agent in oil
or gas well drilling, as additive in the manufacture of
paints, rubber, plastics, wallpapers, asbestos, leaded glass
and preparation of barium carbonate used in ceramics.
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Froth flotation is a mineral separation process which
takes place in a mineral-water slurry system. It has been
proved to be a very efficient and effective technique for
the concentration of galena and other sulphide minerals.
The separation is achieved based on differences in
physico-chemical surface properties of the individual
mineral constituents, particularly, the wettability by
water (Yunana, Yaro, & Thomas, 2015). The surfaces
of selected minerals of finely ground ores are made
hydrophobic (water-repellent) by conditioning them
with suitable selective reagents. The specific hydropho-
bic mineral particles become attached to rising air bub-
bles that are introduced into the pulp and are carried to
a froth layer above the slurry thereby being separated
from the hydrophilic (wetted) particles which remain
submerged in the pulp (Jain, 1986; Melo & Laskowski,
2006; CPCC, 2016).

An extensive lead-zinc-barite belt lies between Khuz-
dar and Karachi in the Bela-Muslimbagh Ophiolitic
Thrust Belt as shown in Figure 1. A number of galena
ore deposits have been reported in Lasbela and Khuzdar
districts. The main deposits are located at Shekran, Ranj
Laki, Mal Khor (north-west of Khuzdar) Gunga and
Surmai (South-east of Bela Town) (Ahmad, 1978; Kassi
& Durrani, 2016).
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Figure 1. Tectono-metallogenic zones of Balochistan, Pakistan
(Kassi & Durrani, 2016)

The aim of this study is to upgrade a low-grade gale-
na-barite ore found in Khuzdar district of Balochistan
Province, Pakistan to a metallurgical grade lead concen-
trate containing more than 70% Pb that is needed as a
charge into the lead smelter for lead metal production
and barite concentrate containing more than 90% BaSO,
for oil well drilling and ceramics by using froth flotation
processing methods.

2. MATERIALS AND METHODS

2.1. Sample preparation

The bulk sample of galena-barite ore weighing ap-
proximately 100 kg was collected from the mine of Mal
Khor north-west of Khuzdar. This sample was brought to
Mineral Processing Laboratory of MPRC, PCSIR Lahore
for the R & D work. The sample was consisted of lumps
having size in the range of 100 to 150 mm. It was put to
primary crushing using jaw crusher to get minus 25 mm
product size followed by secondary crushing using roll
crusher to attain mines 6 mm product size. A representa-
tive sample of ore for chemical evaluation and X-ray
diffraction (XRD) analysis was obtained by coning-
quartering and riffling of the crushed ore. It was ground
in disc pulverizer to obtain minus 200 mesh size. The rest
of ore was split into 1 kg samples and put in plastic zip-
per bags for beneficiation work.

2.2. Chemical analysis

The main elements were determined by applying
conventional gravimetric and volumetric as well as
instrumental methods. Silica, alumina, lead, barium and
sulphur were determined by gravimetric methods
(ASTM, 2007a). Iron was determined by redox titration
using standard solution of potassium dichromate
(ASTM, 2007b). Calcium and magnesium were esti-
mated by EDTA titration (ASTM, 2007¢). Sodium and
potassium were estimated by flame photometer (PFP7,
Jenway Limited, England). The other elements present
in minor amount were determined by Atomic Absorp-
tion Spectrophotometer (Model: 8000, Hitachi, Japan).
The complete chemical analysis of representative ore
sample is given in Table 1.

Table 1. Chemical analysis of the composite sample of Khuz-
dar galena-barite ore

Constituents Percentage
Lead (Pb) 39.90
Zinc (Zn) 0.02
Silver (Ag) 0.006
Sulphur (S) 7.48
Silica (SiOz2) 9.84
Barium Sulphate (BaSO4) 24.64
Aluminum Oxide (Al203) 2.19
Iron Oxide (Fe203) 3.01
Calcium Oxide (CaO) 0.57
Magnesium Oxide (MgO) 0.10
Sodium Oxide (Na20) 0.12
Potassium Oxide (K20) 0.03
Loss on ignition (LOI) other than sulphur 8.50
2.3. Mineralogy

The mineralogy of head sample was carried out by
X-ray diffractometer (Model: D-5000, Siemens, Germa-
ny). It is equipped with X-ray tube of Cu anode which
produces X-rays. The wavelength of Kol radiation:
1.540598 (A) and Ko2: 1.544426 (A) was bombarded on
finely ground ore sample (minus 200 mesh #) at 25°C at
voltage of 45 kV and current of 30 mA to characterize the
ore. X-ray diffraction of sample was carried out in contin-
uous mode at a scanning rate of 0.020 step size per second.



M.A. Raza et al. (2019). Mining of Mineral Deposits, 13(1), 1-8

The scan angle (26) was varied from 5.0 to 70.0° to
get the respective peaks of the constituents present in ore.
The various types of mineral phases present in the ore
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were identified by matching the peaks/pattern with
standard data. The X-ray diffractrogram (XRD) of the
ore is presented as Figure 2.
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Figure 2. X-ray diffraction spectra (XRD) of galena-barite ore

The d-spacing value, 2-theta, relative intensity and
the minerals identified are shown separately in Table 2.

Table 2. Minerals identified in Khuzdar galena-barite ore

The optimum conditions of galena and barite pro-
cessing are shown in Table 3 and 4 respectively while
metallurgical of typical test is shown in Table 5.

~th p d ] Relative Minerals Table 3. Flotation parameters and optimum conditions of
Seq. -theta (6) “spacing intensity identified galena processing
1 24.8528 3.58266 25.32 Stibnite Flotation Range of Optimum conditions
2 26.0013 3.42696 91.49 Galena/Barite parameters variables Roughing  Cleaning
3 26.6540 3.34240 45.00 Quartz Grind size of 60 —100% — 80% — 80% —
4 29.9728 298131 195.24 Barlte/Calplte/ ore (fe.ed) 200 mesh 200 mesh 200 mesh
Magnetite Agitation speed 1000 — 1100 rom 1000 rpm
5 30.1864  2.96070  220.32 Galena (aeration) 1200 rpm P P
6 30.9490  2.88760 37.02 Dolomite Pulp density 15-35% 30% 20%
7 31.6044  2.83103 5.78 Barite (% solid) solids solids solids
8 36.1821  2.48267 8.94 Quartz pH of pulp 8_10 85 85
9 430720  2.10015  89.09  Galena/Barite glm’fY) .
10 444968  2.03616  67.62 Anhydrite angue depres-
11 510175 179018 8558  Galena/Quartz zﬁ?éifsdmm 100-500gt 300/t 100 gk
12 534044 171566  25.58 Galena Collector
13 62.6124 1.48368 35.57 Galena (potassium ethyl 60— 100 g/t 80 g/t 60 g/t
14 68.9153 1.36257 15.56 Galena/Quartz xanthate)
15 70.8841 1.32948 26.64 Galena Frother (poly-
propylene 10-30 g/t 20 g/t 10 g/t
2.4. Flotation tests glycol)
The flotation tests were performed in lab-scale flota- Condltlonlng 4 — 10 min 6 min 6 min
tion machine (Model: D-12, Denver, USA). The flotation time o . . .
Flotation time 15 - 30 min 20 min 20 min

feed was prepared by wet grinding of crushed ore in
laboratory scale ball mill (Denver, USA) at 1:1 solids to
liquid ratio. The grinding time was varied to get the re-
quired feed size. The ground ore was transferred to the
stainless steel flotation cells of 4 liter capacity and dilu-
ted with water to maintain the desired pulp density.
Batch type tests were performed utilizing various reagent
combinations on samples ground to different mesh sizes.
After determining the optimum mesh of grind, the flota-
tion tests were performed to optimize pulp density, pulp
pH, stirring speed, quantity of reagents added, flotation
time and conditioning time. Based on bench-scale locked
cycle tests, the flow-sheet developed to prepare galena
and barite concentrate is presented in Figure 3.

3. RESULTS AND DISCUSSION

The chemical analysis (Table 1) shows the presence
of 39.90% Pb and 24.64% BaSO, content in the ore re-
spectively. It is obvious from the results that the % age of
lead and barium is sufficient to exploit this multi-metals
ore for industrial utilization. The major impurities pre-
sent include silica, alumina, iron oxide, calcium oxide,
sodium oxide and potassium oxide. In order to minimize
the impurities level and as a result maximize the % age
of lead and barium contents, some beneficiation process
is required to be applied before industrial application
(Xiang, 2001; Liu, Zhu, Zhang, & Zhang, 2004).
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Figure 3. Flow-sheet for the beneficiation of galena-barite ore of Khuzdar district, Balochistan province, Pakistan

Table 4. Flotation parameters and optimum conditions of

barite processing

Table 5. Metallurgical balance for galena-barite ore flotation

Flotation ~ Weight Grade (%) Recovery (%)
Flotation Range of Optimum conditions product (%) Pb BaSO; Pb BaSO,
parameters variables Roughing  Cleaning Lead
Grind size of 60— 100% —  80%— 80% — cleaner 4674 7738 264 9064  5.01
ore (feed) 200 mesh 200 mesh 200 mesh concentrate
Agitation speed 1000 — Lead
(airaﬁon) P 1200 rpm ~ 1200™m 1200 pm cleaner 1068  13.67 1370  3.66 594
Pulp density 20 -35% 25% 20% tslhggs
o : . . : eal
(/I; f)(;hi)l solids solids solids rougher (57.42) (65.53) (470) (94.30) (10.95)
?slurryr)) P 8§—11 ~10 ~10 concentrate
Lead depressant CBEZIEZ 2189 319 9023 175  80.16
(sodium chro- 30-60 g/t 50 g/t 15 g/t concentrate
mate) Barite
Collector 100-500 g/t 300 gt 100 g/t cleaner 209 954 4232 050 359
(sodium oleate) tailings
Frother (kero- Barite
) 10 -4 1
sene oil) 0-40 g1 30ght 0gt rougher (2398) (3.74) (86.07) (225) (83.75)
thndltlomng 5 — 10 min 7 min 7 min CROOTG}?Sate
me . . . Ous 1860 594  7.02 345 530
Flotation time 1520 min 25 min 25 min tailing
Head 100.00 3990  24.64  100.00  100.00
sample

The X-ray diffraction analysis (Fig. 1) detects galena
and barite minerals as main peaks of X-ray diffractogram
match with their standard values. It was identified by
JCP.CAT search & match programmes of the X-ray
diffractometer that the minor peaks corresponds to
quartz, calcite, dolomite, magnetite, anhydrite, stibnite
and clay minerals.

Table 2 reveals that valuable minerals are galena and
barite and the main gangue mineral is quartz. So froth
flotation appears to be a more appropriate method for
their up-gradation as these minerals are floatable as well
as separate mineral concentrates can be prepared by this
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technique (Jones & Sajjad, 1994; Atrafi, Hodjatoleslami,
Noaparast, Shafaei, & Ghorbani, 2012; Yunana, Yaro, &
Thomas, 2015).

The ore is ground to liberate the valuable mineral
grains from the associated gangue mineral particles be-
fore their separation. Sufficient grinding is necessary for
adequate liberation of minerals from fine grained (tex-
ture) ore, therefore, gravity concentration methods can
not be applied for its economical processing because fine
grinding generates slimes which wash away with tailings
leading to poor recovery (Wang, Miao, & Xiao, 2004;
Bulatovic, 2013). The froth flotation is more suitable
technique to upgrade fine grained ore. Froth flotation is a
versatile process in which valuable minerals of different
nature can be separated from each other as well as from
worthless material using specific flotation reagents and
controlling various parameters (Allen & Anwar, 1994;
Kazmi, Gohar, & Anwar, 2000).

To study the effect of grind size, the ore was ground
in rod mill to 70, 80, 90, 100% passing 200 mesh size. It
was observed that by decreasing the grind size, the grade
and recovery of lead and barium was improved and op-
timum grade and recovery was obtained at feed size of
80% minus 200 mesh size (Table 3 and 4). This feed
size, of course, shows the maximum liberation limit of
galena and barite and selected for the further study.

The percentage of solids in the pulp is another very
important factor which needs to be optimized. A number
of tests were conducted by varying the % age of solids to
liquid from 20 — 35%. It was observed that the increase
in pulp density decreased the grade slightly but the
recovery was increased and maximum recovery was
attained at 30% solids. After that the recovery was
decreased (Table 3 and 4).

The pH of the pulp is very critical factor during the
flotation of sulphide minerals. It plays an important role
in lead-barium ore flotation. In present study, sodium
carbonate was used to adjust the pH of the pulp. Galena
was recovered first with potassium ethyl xanthate and
then barite with sodium oleate (Wang, Miao, & Xiao,
2004). It was found that under constant condition of
particle size and solid to liquid ratio, the maximum re-
covery of galena was achieved at a pH of 8.5 and barite
at pH of 10.0. It was observed that a little variation in pH
significantly changed the grade and recovery. This be-
havior is attributed to the maximum stability of mineral-
collector complex in specific pH medium (Parsonage,
1985; Singh, Banergee, & Srivastava, 2004; Silvestre,
Pereira, Galery, & Peres, 2009; Singh, Rao, Sinha,
Banerjee, & Bhattacharyya, 2009).

Another important factor affecting the purity and re-
covery of the galena and barite is the impeller (stirring)
speed. It was observed that better results were produced at
rougher stage by stirring speed of 1100 rpm while at clea-
ning stage by stirring speed of 1000 rpm (Table 3 and 4).

Xanthate is used as collector for lead ore because it is
quite specific to galena particles and even adsorbs the
partially exposed mineral particles (Crozier, 1992). The
collector ionizes in solution and produces positively
charged ions of alkali metals and negatively charged
xanthate ions. The xanthate ion is then adsorbed on the
surface of the sulphide minerals due to chemical forces

between the polar group of the collector and the mineral
surface to form a monomolecular layer of insoluble me-
tal-xanthate complexes which are hydrophobic (Wills,
1992). A number of tests were performed for the flota-
tion of galena and barite. It was observed that 80 g/t of
potassium ethyl xanthate produced good result in case of
galena and 300 g/t of sodium oleate gave better result in
case of barite. It was found that, excessive amount of
collector adversely affect the grade and recovery of
valuable minerals due to the development of collector
multi-layers on the particles that reduces the selectivity.

Various types of frother were tried for the recovery of
lead and barium minerals. A number of tests were con-
ducted to optimize the effect of frother. It was observed
that Dowfroth-250 (polypropylene glycol) showed com-
paratively better results for galena and kerosene oil for
barite flotation. It was found that about 20 g/t of polypro-
pylene glycol gave better results for galena flotation and
30 g/t of kerosene oil for barite flotation (Table 3 and 4).

The silicate gangue minerals present in lead-barium
ore of Khuzdar area were depressed with the addition of
sodium silicate (Cebeci, Akdemi, & Sonmez, 2000). It
was found that with increase in quantity of depressant,
the grade was improved but after 300 g/t of sodium sili-
cate, the grade and recovery decreased due to coating of
middling particles. This value was selected for the next
series of tests. Similarly, sodium chromate was used to
depress galena in barite flotation (Zhang & Shang, 2000).
It was found that 50 g/t sodium chromate is sufficient to
depress galena during barite flotation.

The conditioning time has a pronounced effect on the
grade and recovery of both concentrates. It permits the
surfaces of mineral grains to react with the flotation rea-
gents. A conditioning time of 6 — 7 minutes was found to
be enough for the contact with the mineral grains for an
optimum grade and recovery. Likewise a flotation time
of 20 minutes was observed to be enough for completely
barren the froth (Table 3 and 4).

Cleaning flotation tests were conducted to further im-
prove the grade of both rougher concentrates. Additional
dosage of flotation reagents was added during each clean-
ing flotation (Keqing, Miller, Tao, & Guanghui, 2005). In
order to improve the overall recovery of flotation, the
tailings of cleaning stages were circulated according to
their grade. Table 4 and 6 present the optimum consump-
tion of flotation reagents for galena and barite flotation at
cleaning stages. It can be seen from metallurgical balance
sheet of a typical flotation test given in Table 5 that clean-
ing of rougher concentrate and circulating of cleaning
tailings back to subsequent cycle test has ensured a final
industrial grade galena and barite concentrate with ac-
ceptable recovery. The flow sheet suggested for the bene-
ficiation of Khuzdar galena-barite ore is shown in
Figure 3. The beneficiation process developed includes
two stage grindings; first coarse and then fine, two flota-
tions, rougher and cleaning to produce commercial grade
galena and barite concentrates with optimum recovers.

The metallurgical balance of a typical locked cycle flo-
tation test performed at optimized conditions (Table 5)
indicated that lead content of the ore under investigation
was raised at rougher flotation stage from 39.90% Pb to
65.53% Pb with 94.304% recovery and barite content from
24.64% BaSO;4 to 86.07% BaSO4with 83.75% recovery.
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It is obvious from Table 5 that the rougher lead con-
centrate was further enriched in the cleaner circuits using
additional quantity of reagents into cleaner lead concen-
trate assaying 77.38% Pb with 90.64% recovery and
rougher barite concentrate into cleaner barite concentrate
assaying 90.23% BaSO,; with 80.16% recovery. The
bench scale flotation tests showed that this low-grade
galena-barite ore could be directly beneficiated into sepa-
rate high-grade galena and barite concentrates without
using any kind of pre-concentration method. The suc-
cessful separation of metallurgical grade galena and barite
concentrates by sequential flotation show the suitability of
the process selected for beneficiation of this kind of ore. It
is evident from the reported results that the flotation pro-
cess has significantly reduced the gangue materials of the
ore. Chemical analysis of lead and barium concentrates
(Table 6) shows that both concentrates match the specifi-
cations of metallurgical grade. As a result of this benefi-
ciation step the extraction of metals from the respective
concentrates become greatly economical.

Table 6. Chemical analysis of lead and barium concentrates

Percentage
Constituents Galena Barite
concentrate  concentrate

Lead (Pb) 77.38 3.19
Zinc (Zn) 0.02 traces
Silver (Ag) 0.008 traces
Sulphur (S) other than sulphate 10.36 0.50
Silica (SiO2) 3.03 1.02
Barium sulphate (BaSO4) 2.64 90.23
Aluminum oxide (A2O3) 0.90 0.50
Iron oxide (Fe203) 1.20 1.20
Calcium oxide (CaO) 0.44 2.30
Magnesium oxide (MgO) traces traces
Sodium oxide (Na20) 0.05 0.15
Potassium oxide (K20) 0.006 0.02
Loss on ignition (LOT) . 530

other than sulphur

4. CONCLUSIONS

It is concluded that ore under investigation comprises
of mainly galena and barite as valuable minerals to be
concentrated where as the remaining are considered as
gangue minerals. The percentage of lead and barium is
high enough to exploit the ore for commercial purpose
after beneficiation. Depending upon the nature of mine-
rals present in the ore it can be upgraded by two stage
(rougher and cleaning) sequential froth flotation to pro-
duce separate galena and barite concentrates. The flota-
tion process produced a lead concentrate having 77.38%
Pb content with 90.64% recovery and barite concentrate
possessing 90.23% BaSO4 content with 80.16% recovery
from an ore assaying 39.90% Pb and 24.64% BaSO,.
Both concentrates match the specifications of metallurgi-
cal as well as chemical grade and therefore can be used
for the production chemicals and metals. It is suggested
on the basis of bench scale study that pilot plant trials
should be conducted on this ore in order to establish the
real parameters before the commercial exploitation of
this important deposit.
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3BATAUYEHHSI NICHOI T'AJIEHIT-BAPUTOBOI PYJIU B XY3/IAPI,

IMPOBIHUIA BEJXY ) KUCTAH, TIAKUCTAH

M.A. Paza, M.A. bxarri, C. Hacip, ®. bammp, 3. Maxmyn, K.P. Ka3wmi, [. Xade3

Merta. [TigBuIIeHHS SKOCTI HU3bKOCOPTHOI TajieHIT-0apuToBOi pyaH, 3HaineHol B Xy3JapcKoM paioHi NpOBiHIT
Benymxucran (ITakucran), 10 KOHLIEHTPATY METAIyprilHOTO SIKOCTI, 0 MicTHTh Ounbiie 70% Pb, i3 BUKOpucTaHHIM
MeToxy HiHHOT (uroTanii.

Metoauka. Macosa rpo6a ranenit-6apuroBoi pyau Baroto 6mm3pko 100 xr Oyna BimiOpana 3 miaxtu Man-Xop Ha
MiBHIYHOMY 3axofi Big Xy3aapy Ta mocraBieHa B Jaboparopiro mepepodku minepainieB MPRC, PCSIR Lahore ans mpo-
BEJICHHS JOCHIKEHb. 3pa3oK MiIJaHui NepBUHHOMY MOJPiOHEHHIO i3 BUKOPUCTAHHSAM IIOKOBOI IPOOAapKH 3 HACTYII-
HUM BTOPWHHHM TOJPiOHEHHSAM 13 BUKOPHCTAaHHAM BaJIKOBOi ApoOapku. 3pa3oK A0 i micis (IroTarii miagaBaBcs KOM-
IUIEKCHOMY XIMIYHOMY 1 peHTreHoCTpyKTypHOMY aHamizy (XRD). droTauiiini BUNpoOyBaHHs MPOBOAMIIKCS Ha J1a00-
paropHii ¢uoraniiniid marmmHi D-12. ITicnst BU3HAUEHHST ONTUMAJIBHOTO TIOMENy Oyiu MpOBe/eH! BUNPOOYBaHHS [Uist
onTUMI3alil MIBHOCTI MyJbId, pH Mmy/bIu, NIBUAKOCTI NEpEMIlllyBaHHS, KIIbKOCTI JOAaHUX peareHTiB, yacy QioTarii
1 yacy KOHJIUILIIOHYBaHHS.

Pe3yabTaTn. BcTaHOBJICHO, 1[0 BMICT CBHUHINIO Ta 0apilo B MOJIMETATIUHIN Pyai € AOCTATHIM IS IPOMHUCIOBOTO
BUKOpHCTaHHS. OTPUMaHO ONTUMaJIbHY CTYIIHb HOAPIOHEHHS 1 BiJHOBIICHHS TP po3Mipi noaaui 80% minyc 200 mer.
BusiBnieHo, 110 301IBIICHHS MIUTFHOCTI MyJIBIN JEII0 3HIKY€eThes Tpu 30utbmenHi B/T 3 20 no 35%, aie BiqHOBICHHS
301IbLIyEThCS, 2 MAKCUMANIbHE BiTHOBICHHs HOociarHyTo npu 30%. [Ipu BukopuctanHi mis kopuryBaHHs pH mysbmu
eTiIKcaHTaTa Kajifo, a MoTiM OapuTy 3 0JeaTOM HATPi0, BUABJICHO, IO MPH IMOCTIHHUX YMOBaX pO3Mipy YacTOK i CITiB-
BiTHOIIICHHS TBEPIOi PEYOBHUHH Ta PiIUHI MaKCHMAILHO TOBTOPHE MIOKPHUTTS TaJieHy nocaraeTses npu pH 8.5 i 6aputy
mpu pH 10.0. bBymo Big3HaueHo, mo HeBenwKa 3MiHAa pH 3HAYHO 3MiHWIA CTYIIHB i BiZHOBIIEHHS. PO3KpHUTO BIUIMB
LIBUKOCTI TIepeMillyBaHHsi poO0YOro Kojeca i Bi[3HAYEHO, 10 ONTUMAJIBHOKO IIBUAKICTIO HAa TPyOil cTaiil € mBUa-
kicth 1100 06/xB, a Ha cranii ounmienHst — 1000 06/xB. JloBeieHo, 1110 METOAOM MiHHOI (JoTawil 3 1aHOT Py MOXKHA
OTpUMATH KOHIEHTpAT rajieHity i3 BMictToM 77.38% Pb i crynenem BigHoBieHHs 90.64%, a TakoX KOHLEHTPAT OapuTy
i3 BMicToM 90.23% BaSO; i ctynenem BigHoBneHHs 80.16%.

HaykoBa HoBu3Ha. BcTaHOBIEHO XapakTep BIUIMBY CHElU(IYHUX PEYOBHH, L0 MOJIMIIYIOTH MOKAa3HUKH IIPO-
npouecy ¢IoTarii, AKi CIPUAIOTH SKICHOMY BUIJIUICHHIO LIHHUX KOMIIOHEHTIB PYy.IU BiJ] TIOPOXKHIX JOMILIOK.

MpaxkTuuna 3HaYMMicTh. Po3po0iieHo NpHHIMIIOBY cXeMy mpoliecy 30araueHHs rajleHiT-0apuToBoi pyan Ha OCHO-
Bi IiHHOI QuioTanii B 3aMKHyTOMY IMKJIi. OTpUMaHi KOHIEHTPATH TajleHITy i OapuTy BiANOBINaOTH HEOOXIJHUM MeTa-
JypridiHUM 1 XIMiYHUM CTaHAAPTaM Ta MOXKYTh 3HAUTH MPOMHUCIIOBE 3aCTOCYBaHHS.

Knrouosi cnosa: canenim, bapum, 36acauenns, ninHa promayis, cmyninb KOHYeHmpayii, 6iOHOGIeHH s

OBOT'AIIIEHUE TOIIEM I'AJIEHUT-BAPUTOBOM PY/IbI B XY3/IAPE,
MPOBUHIUSA BEJXYJIXKNCTAH, TAKUCTAH

M.A. Paza, M.A. bxartu, C. Hacup, ®@. bammup, 3. Maxmyn, K.P. Kazmu, 1. Xades

Heas. [ToBplmreHne kadecTBa HU3KOCOPTHOH TalleHUT-O0ApUTOBON py.IBI, HaliieHHOW B Xy3HapcKOM pailoHE IIpo-
BuHIMU benymkncran (ITakucran), 70 KOHIEHTpaTa METAJUTypTHYECKOro KadecTsa, coiepskamero 6onee 70% Pb, ¢
HCIIOIb30BaHUEM METOAA IEHHOH (IIoTaluH.
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MeTtoamnka. MaccoBas mpo0a rajieHuT-0apuToBoii pyabl Becom okojio 100 kr Obuta oToOpana u3 maxtel Man-Xop k
ceBepo-3anaay oT Xy3aapa U JoCTaBjieHa B laboparoputo nepepadotku munepanos MPRC, PCSIR Lahore mjist mpoBe-
JeHus uccnenopanuit. OOpasel] MOJBEPrHYT NEPBUYHOMY JIPOOJICHUIO C UCIIOIb30BAaHUEM ILEKOBOW JAPOOMIIKH, C I0-
CJIC/TyIOIIM BTOPUYHBIM JPOOJICHHEM C MCIOJIb30BaHUEM BAJIKOBOH Jpoomiku. OOpasen 10 U nocie (IoTanuu moj-
Beprajicsi KOMIUIEKCHOMY XMMHYECKOMY M PEHTTEHOCTPYKTypHOMY aHanu3y (XRD). ®dnoranyoHHbIe HCIBITAHUS TPO-
BOJIMIINCH Ha JabopaTopHoi (oTanuoHHoi MammHe D-12. [locie onpeneneHns onTUMaibHOTO TOMoJIa ObIIIM MpOBe-
JICHBI MCIBITAHUS TSI ONTHMH3ALUK TUIOTHOCTH MYJIBITEI, pH IyJIbIbI, CKOPOCTH MEpPEMEIINBAHUS, KOINIECTBA J100aB-
JICHHBIX PEareHTOB, BpeMEHH (DIOTAIMK M BPEMEHN KOHANIMOHNPOBAHUSL.

Pe3yabTaThbl. YCTaHOBICHO, YTO COAEPKaHNE CBUHIA M OapHs B TOJIMMETAJUINIECKON py/e SBISIETCS JOCTATOYHBIM
JUISL TIPOMBIIIIEHHOTO UCTIONB30BaHMsL. [oirydeHa onTuManbHas CTENeHb U3MENIbUYEHHS U BOCCTAaHOBIICHHS TIPH pa3Mepe
nogaun 80% munyc 200 memr. BrisiBieHO, 4TO yBeIMUYEHUE INIOTHOCTH MYJIbIIBI HECKOJIBKO CHIXKAETCS IIPH YBEINUYEHUN
B/T ¢ 20 no 35%, HO BOCCTAQHOBJIEHHE YBEIMYHMIOCH, & MAKCUMAIbHOE BOCCTAHOBIECHHE HOCTHIHYTO npu 30%. Ilpu
UCIIOJIb30BaHUU JUIsl KOPPEKTUPOBKH pH MyJNbIbl STHIKCAHTATa Kalus, a 3aTeM OapHTa ¢ 0jieaToM HaTpHs, OOHapyxe-
HO, YTO IMPU NOCTOSAHHBIX YCJIIOBUAX padMepa 4aCTUIll U COOTHOMICHHWA TBEPAOTro BCUICCTBA U KUJIKOCTU MAaKCUMaJIbHOC
HOBTOPHOE MOKpbITHE TanieHa pocruraercs npu pH 8.5 u 6apura npu pH 10.0. Beuto oTMeueHo, 4To HeOOMbIIOE U3ME-
HeHre pH 3HaYMTENFHO M3MEHHIIO CTENIEHb M BOCCTAaHOBIICHHE. PacKphITO BIMSHUE CKOPOCTH TIepeMeIBaHus paboye-
ro KoJieca ¥ OTMEUEHO, YTO ONTUMAJIBHONW CKOPOCTBIO Ha Ipy0oit cramuu siBisercs ckopocth 1100 06/mMuH, a Ha cTtagun
ounctkd — 1000 06/mMuH. Jloka3aHO, 4TO METOAOM NMEHHOW (oTanuy U3 TaHHOW PyJbl MOKHO MOJYYHTh KOHLIEHTPAT
rajeHuTa c copepxanueM 77.38% Pb u crenensio Boccranosnennst 90.64%, a Takke KOHIIEHTpAT OapuTa c comepKa-
HueM 90.23% BaSO4 u crenensto BocctanoBieHus 80.16%.

Hayunasi HOBU3HA. Y CTaHOBIICH XapaKTep BIMSHUS ClIEHU(UUECKHUX BEIECTB, yIydIIaloNIUX oKa3aTeay mpoLec-
ca (hroTanyHy, 4To CHOCOOCTBOBAIO KAYECTBEHHOMY OTAEICHHIO [IEHHBIX KOMIIOHEHTOB PY/Ibl OT ITyCTBIX IPUMECEH.

IIpakTHyeckass 3HAYMMOCTD. Pa3paboTaHa NpUHLMIMANBHAS CXeMa Ipolecca O0OralleHus IaleHUT-0apuTOBOM
pyZbl Ha OCHOBE NEHHOMW (IOTAIlMK B 3aMKHYTOM LUKIIE. [loiTydyeHHble KOHIIGHTPAThI rajieHnTa U 0apurTa COOTBETCTBY-
0T METAJUTYPru4€CKUM U XUMHUUYCCKUM CTaHJapTaM U MOTYT HaWTH MPOMBIINIJICHHOC MPUMCEHCHUE.

Knrouesvie cnosa: canenum, bapum, obozawenue, neHnas gromayus, cmenenb KOHYEHMpPayuu, 60CCIMano8ieHue
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