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Abstract. A sulphuric acid is obtained of the metallurgic gases after smelting of feed materials and matte converting
preliminary cleaned dry or wet method. A pulp appears after wet gases cleaning containing sulphuric acid solution, slurry and
amorphous selenium. The sulphuric acid production at the Balkhash copper smelting plant differs from the identic one at the
Zheskazgan copper smelting plant by cleansing solutions spinning off and extracting slurry out of them by sedimentation. By
this reason Balkhash copper smelting plant discharge pulp 7-14 times as much as Zheskazgan copper smelting plant of
clarified liquor. Pulp is a valued man-made raw material to extract rhenium off the solution, selenium iodine off the slurry. At
present, a sorption technology of rhenium extraction off the solution is developed and tested in the pilot scale. Selenium is a
second component worth mentioning considering its production at the Balkhash copper smelting plant. This article analyzes
prospect researches of various methods testing of clear solutions obtaining, faults and benefits of straining by spinning. The
results are provided of the slurry amount effect and amorphous selenium in the pulp, the speed and time of rotation of the
centrifuge rotor. A rotor spinning velocity is established to be the main factor has impact on pulp separation into the clear
solution and residue of every slurry compound, including amorphous selenium by spinning. This method according to
calculations allows to a substantial energy costs saving comparing the pulp heating-straining.
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BAJIKAI MBIC BAJIKBITY 3AYBITBIHIAYBI METAJUIYPTHSUIBIK  T'A3JIAP/bI IMARFAH KE3JE
IYJIbBHNAJAH HEHTP®YTAJIAY APKBLJIBI ITAUJIA BOJIATBIH, IIJIAMHBIH IIBIFYbI

Tyitingeme. Bankam xoHe JKe3kazraH MbICOANKBITY 3aybITTapbIHAAFbl MBIC IIUXTAChIH OANKBITKAHAA JKOHE INTEIHAI
KOHBEPTpJIEreHeTI METAILTYPrHsUIBIK Ta37ap/laH  KYKIPT KbIIIKbUIbI ablHagpl. JKe3kasraH MbICOaNKbITY 3aybITTap/aH JaH bamkar
MBICOAJIKBITY 3ayBITTAPBIHAAFHl KYKIPTKBIIIKBLI OHIIPICIHIH €peKIle aWbIpMAlIbUIBIFBI, aifHaIMalbl IIaWBIHABI EPITIHALIED MEH
TYH/IBIPFaH Ke3ZIe, OHJa LIIaMHBIH OoNMaybIMeH aikplHAanbiHaapl. CoHubIkTaHIa, JKe3kasraH MBICOANIKBITY 3aybITKa KaparaHua,
Bankam MbICOANKBITY 3aybIThl Ta3alaHFaH MyJblaHbl 7-14 eceneil apThIK LibIFapanpl 1a 0acka KOCIOpBIHAAPFA TYHIBIPBUIFAH
epitinaini xkibepeni. [Tympna (KoWpIpTHAK) — NUTAMHAH HOX IEH CeNICHI, epiTIHAIICH peHui Il 0ol amy yiIiH O6araisl TEXHOTSH/I
mvkizar Oonbin TaObutanel. EpiTiHmineH peHuiimi Oeminm amyIblH COpOIMOHIBIK TEXHOJNOTHMSCHI JKapThUlail eHIIpICTIK ayKbIMIa
CBHIHAKTAI/Ibl JkoHE OHAIpiaai. backa na keHinm GemiHreH anemeHTTiH Oipi, ceneH. IlynpnamaH TYHBIK epITiHIOIHI any OapbICHIHIA,
aMOp(ThI CENICHHEH KUBIHIIBUIBIKTApP TybIHIAAbl. Makanasa, Ta3a epiTiHALIEpl alyAblH OPTYPIi SHiCTepiMeH i3/eHiC yCTiHmeri
3epTTey JKYMBICTapIIbl TAIAH/B! Opl OTapIbIH KEMIIUTIKTepi KenrTipingi. Jlemek, neHTpudyrupiay oici, OHBIH ilIiHAe, OCBIFAH cait
KOPCETKIIITEep MEH My/IbIIaHbIH KypaMIbIK KacHeTTepi aHaryplibIM aHbIK 3eprTeniHmi. LIeHTpudpyragarsl poTOpIbIH aiHary
YaKbIThl MEH JKbUIIAMJBIFBI, IyJblagarbl aMOp(Thl KyHjeri ceieH >KOHE NUIAMHBIH YJECTI OCEepiHIH HOTHXKeNIepi KenTipiiii.
SIFHU,IyJBNIAHBl TYHBIK epiTiHaire OenymiH ocepi jkoHe aMOp(Thl CelieH[l KOCKAHAAFbl IUIAMIAFbl OapIiblK IIeriHAiIepl
LeHTpudyrupiaereHaeri Herisri GakTop, poTOpAbIH aliHamysl Oombin Tabbutanpl. Ecen kepceTkiTepi OOMbIHIIA OYIT 9[iC, MyTbHaHbI
KBI3JBIPY-CY3y TICUTIHE KaparaH/a, SJIEKTPIIl SHEPTUSHBIH IIBIFBIHBIH alTapJIbIKTal KbICapTabl.

Tyiiinai cesnep: MeTaTYprusIbIK ra3aap, Uako, myJibia (KOHbIPTIIAK), MaHbIHIBI KYKIPT KBIIIKBUIBL, LIIJIaM, CY3Y, HeHTpdyranay.
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BBIIEJEHUE IIJIAMA LEHTPU®YITMPOBAHMEM W3 IYJIbIbIL, OBPA3YIOIIEMCS IIPU IPOMbBIBKE
METAJITYPITHYECKHUX I'A30B BAJIXAIICKOI'O MEJEIIVTABUJIBHOI'O 3ABOJIA
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Pestome. Ha BanmxamckoM MeerniaBIIBLHOM 3aBOJE W3 METAJUIYPTHUECKHX I'a30B OT IUIABKM MEAHOM HIMXTHI M KOHBEPTHPOBAHMS
mITeifHa, MPeABapUTENHHO OYMINEHHBIX CYXMM W MOKPBIM CIIOCOOaMH, MONTYJaloT CepHYyIo KHciaoTy. IIpm MOKpo# odmcTKe ra3oB
obpasyeTcst Iynblla, COZEprKallas pacTBOP CEPHOM KHUCIOTHI, LIIaM, B TOM uucie W amMopdHbiil ceneH. CepHOKHCIOTHOE
MPOM3BOJICTBO baixalckoro MezieriaBuiIbHOIO 3aBOJa OTIMYACTCA OT aHAJOrM4YHOro JKe3ka3raHckoro MeseriaBHIBHOTO 3aBOAA
OTCYTCTBHEM IIMPKYJIALMM HPOMBIBHBIX pAacTBOPOB M BBIIEICHMEM W3 HUX LUIaMa OTcTauBaHueM. [lostomy banxamickuit
MeCTUTABUIIbHBIN 3aB0J] COpAchIBAET HA OYMCTHBIE COOPYKEHHMS MyJbIbl B 7-14 pa3 Oonbiie, yem JKe3kasraHCKuid MeeraBIIIbHbII
3aBOJ] OCBETJICHHOTO pacTBopa. [lymbma sBiseTcs HEeHHBIM TEXHOTCHHBIM CHIPbEM JUIS H3BJICUCHUS] PEHUSI U3 PAcTBOpA, CelIeHa H
Homa u3 nutama. B Hacrosimee Bpems paspaboTaHa M anpoOHpoBaHa B MONYIPOMBIIIIEHHOM MacmTabe cOpOIMOHHAsT TEXHOIOTHS
n3BJIeUYeHNsT peHust u3 pacrBopa. CeneH — BTOpOH OJIEMEHT, 3aCIyXHMBAIOIIMK BHHUMAHHS, YYHTHIBas, 4To Ha bamxamickom
Me/IeTIaBIIIBHOM 3aBOJIe HaJTaXXEHO ero MPOU3BOACTBO. B cTaThe jaH aHaIM3 MOMCKOBBIX UCCIIEIOBAHUI IO anpoOaiy pa3InaHbIX
METO/IOB TIOY4EHHSI YHCTBIX PACTBOPOB, YKa3aHbl UX HEJOCTATKH M MPEUMYIIECTBO LEHTpoOekHOro (GuiabrpoBanus. [IpuBeneHs
PE3YNBTAThI 10 BIUSHUIO KOJIMYECTBA LIJIaMa U aMOP(HOro cejeHa B IyJIblie, CKOPOCTH M BPEMEHHU BpALCHUS POTOpA LEHTPUDYTH.
VYCTaHOBIECHO, YTO OCHOBHBIM (DaKTOPOM, BIMSIOIIMM Ha pa3/eleHue IyJIbllbl Ha MPO3PAYHBId PAcTBOP M OCAJOK BCEX
COCTaBIISIIOIINX [IUIAMA, B 9aCTHOCTH aMOP(HOT0 ceneHa, HeHTPH(yrupoBaHUeM SIBISIETCS CKOPOCTh BPALIEHHS POTOpa. DTOT METO,
KaK ITOKa3aJH pacdeThl, TO3BOJIUT Ha MOPSOK COKPATUTH PacXofbl Ha HIEKTPOIHEPTHIO IO CPAaBHEHHIO CO CIIOCOOOM HarpeBaHHE-

(GUIBTPALUS MY JTBITHL.

KnrwueBble ciioBa: MCTAJUTYPru4€CKue ra3bl, IIPOMBIBKA, ITYyJbIlIa, IIPOMBIBHAA

ueHTpuyrupoBaHue.

CepHas KHCIOTa, [uiaM, (GHUIBTpaus,

Introduction. A bulk copper from a feed
material in Kazakhstan is produced at the Balkhash
and Zheskazgan copper smelting plants (BCSP,
ZCSP) from feed materials one of the main
component of is local copper concentrates and man-
made formations of non-ferrous industry. Apart
copper the other non-ferrous and rare and precious
metals as well can be found within processed feed
material. Companion-elements are collected in
various solid and liquid man-made formations in the
process of obtaining of commercial copper. For
example, sulfur, rhenium and osmium-187 basically
are in the mixtures after cleansing of gases of
metallurgy (industrial terms: cleansing sulfuric acid-
CSA), lead in the powder and slurry of sulfuric
production; gold,silver and selenium are in the
copper anode slime. Today, copper, gold, silver,
selenium, sulfuric acid (BCSP); copper, ammonium
perrhenate, osmium isotope-187 and sulfuric acid
(ZCSP) are extracted and obtained as commercial
products from companion- elements contained in the
raw materials at copper plants.

Sulfuric acid is obtained from the gases of
metallurgy after feed material smelting and matte
converting. The gases are preliminary cleared from
removed feed materials, solid insoluble sublimations
within the dry electrostatic precipitators; soluble
sublimations and fine fraction of solid sublimations
cleansed by sulfuric acid solutions in different kind
of units.

In 2008 a sulfuric production unit (SPU) has
started operating again in Balkhash, projected by
Canadian experts of “Komitex”. The equipment and
cleansing of gases of metallurgy of this production
unit is gradually differs of those SPU at ZCSP [1].
A wet gases cleansing is provided using fresh
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solution of sulfuric acid at SPU of ZCSP, after
cleansing of which is vanished to the sewage
treatment plant like pulp. As a result, SPU of ZCSP
vanishes a large bulk of pulp a day. The plant keeps
under control the rhenium content and sulfuric acid
in the CSA, a slurry in the vanished pulp, later
selenium as well in the CSA initiated by The
Institute of Metallurgy and Ore Benefication Co.,
Ltd. A chemical compound of CSA and the slurry
are within the pulp (Table 1) was defined by the
experts of The Institute of Metallurgy and Ore
Benefication.

The elements were established to be found in
both man-made formations that are of interest,
firstly, for the needs of various industries. In
particular is rhenium, selenium, iodine. Secondly,
with regard to ecology is lead, mercury. Preliminary
calculations testified that rhenium, selenium, iodine,
and mercury are emitted into the sewage treatment
plant along with the pulp in industrially significant
guantities.

Since rhenium is one of the most important
elements and most of it falls on the CSA, the first
studies were aimed at developing the technology for
its extraction [2-7]. As a result, a sorption
technology was developed to produce ammonium
perrhenate and rhenium acid. The technology has
been tested on a semi-industrial scale, according to
the test results, technological procedures have been
developed, the production cost of ammonium
perrhenate has been calculated [8].

Another element worth mentioning with
regard to industrial production is selenium. This
element is in the pulp, obviously, mainly in the
component amorphous state of the red modification
(hereinafter: amorphous selenium). This is testified



by the abundant suspension of red color in the CSA
solution once the pulp is settled, but high selenium
contents in the CSA solutions and BCSP slurries
(Table 1) are not typical for sulfuric acid plants of
other Non-Ferrous Industry Plants in Kazakhstan.

Table 1 — A pulp average chemical compound

BCSP Pulp
Cleansing Slurry

Elements sulfuric acid*

content,

g/dm? mass %

Re 0,008 0,14
Zn 0,216 0,35
Cu 0,0015 0,28
Cd 0,0024 0,15
Fe 0,0042 0.08
As 1,47 0,15
Se 0,031 4,60
Pb 0,0064 56,4
Mn 0,001 0,003
Sh 0,0009 0,05
K 0,013 Not determined
Na 0,202 Not determined
Mo 0,0003 0,001
SiO, 0,55 0,23
Cl 0,0210 Not determined
F 0,653 Not determined
Bi 0,004 0,32
Te 0,00065 Not found
Os 0,00012 0,001
Cr 0,01
Al 0,03
Ni 0,02
Ca 0,34
Hg 0,57
S 7,78
J 0,33
Br 0,01
Note: * sulfuric acid concentration — 57,05 g/dm?

A necessary requirement to extract any
element from solutions by sorption or extraction is
the purity of the solutions (transparency). Therefore,
the pulp is subjected to repeat cleansing of slurry.
For example, the main amount of it and amorphous
selenium is separated in the septic tanks of the SPU
at the BCSP. Then, once the CSA is taken to extract
rhenium, the remaining amount of slurry is also
separated by settling, fine after treatment is carried
out by filtration. No filtration of CSA solutions after
2 stages of settling (even the selenium content in
the CSA is not more than 2 mg / dm3) did not allow
extracting rhenium from it in the previously existing
production of ammonium perrhenate at the Balkhash
Mining and Metallurgical Combine (BMMC, now

> Crossref
ISSN: 2616-6445 (Online), ISSN: 2224-5243 (Print)

Kompleksnoe Ispol’zovanie Mineral'nogo Syr’a. Ne2.2019 (5-13)

BCSP) by sorption anion exchangers. (The first
industrial production of ammonium perrhenate from
CSA in the former USSR, which was terminated in
the 90s of the last century, first due to the absence of
rhenium-containing raw materials, and later sulfuric
acid due to equipment wear). For this reason, it was
first sorbed using a KAD coal rank, and was
removed from the eluates by sorption [9].
Experience of BMMC was taken into account in the
development of extraction technology for the
extraction of rhenium from the CSA for
Zhezkazgan.

The slurry content in the pulp of the CSA of
BCSP, as Table 2 shows, ranges from 0.034 to
14.35 g/dm?®, the average - 2.62 - 3.51 g/dm®. The
main element of the slurry is lead, the main phase is
lead sulfate, as established by the IMOB, which is
well within the literature data [10, 11].

Table 2 - The average content of slurry in the pulp and
selenium in solutions of the filtered pulp

A slurry content in the pulp g/dm?®
top | bottom |  average
2014 2
14,35 | 0,034 | 2,72
2017 2
8,35 | 0,78 | 3,51
2018 2
3,44 | 1,17 | 2,62
Se concentration in the solutions, mg/dm?®
top | bottom |  average
2014 2
88,0 | 15,0 | 56,5
2017 2
59,0 | 0,5 | 25,4
2018 2
24 | 1,2 | 12,46

(The table shows the plant data of average monthly samples taken from
the Venturi scrubber for 6 months. Average daily samples were
arranged from medium-shift ones)

To separate the solid and liquid phases is
known to be carried out by exposure methods (from
the bulk of the solid phase), filtration (from both the
bulk and fine fraction of the solid phase) under
vacuum through various types of filter cloth and by
gravity flow through the sand filters, sedimentation
by coagulants and spinning [12, 13]. All these
methods were tested in the laboratory in the BCSP
production pulp in the development of technology
for the extraction of rhenium from CSA [4].

The exposure at room temperature is established
ineffective: the amorphous selenium deposition is very
slow. An increase in temperature to 80 ° C
dramatically reduces the phase separation time due to
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the transfer of selenium from the red amorphous
modification to the black crystalline [14].

The method of filtration of the pulp under
vacuum using different filtering is not suitable for
phase separation: amorphous selenium was
distributed between the filter cake and the filtrate.

The filtration method through the quartz sand
is of no use as well: a decrease in the pulp
transmission rate due to the filling of the pores
between the sand particles with lead sulfate and
amorphous selenium; due to the loss of slurry,
which is a valuable industrial raw material for the
extraction of rhenium, selenium, and iodine from it.

The method of deposition using coagulants
and flocculants to form amorphous selenium in the
sediment also proved to be ineffective due to poor
filtration.

By spinning, according to exploratory studies,
a clear solution and residue was obtained and the
precipitate containing slurry and amorphous
selenium.

A semi-industrial tests for the extraction of
rhenium from the CSA of BCSP, which was
obtained according to the scheme: heating the pulp
at high temperature - filtering the precipitate under
vacuum, approved the cost of obtaining a pure
solution is 60% of the production cost of 1 kg of
ammonium perrhenate.

In order to reduce the cost of a pure solution
production from the pulp and making the sediment
of all components of the slurry, in particular,
amorphous selenium, they chose a spinning method.
Previously, information was elaborated to use this
method in various industries [15-24], the availability
of centrifuges of appropriate capacity, capable of
processing the volume of pulp produced at the
BCSP and the possibility of their acquisition for
industrial operation [25]. The spinning method is
revealed to be used more often due to ease of
operation and process control, efficiency and
obtaining precipitation with low moisture content.
Especially is for sewage treatment of industrial
enterprises. However, it is not applied at the non-
ferrous industry plants of Kazakhstan. The
enterprises of far and near abroad produce for about
3,000 types of centrifuges of different productivity.

An objective is to find the optimal conditions
for pulp spinning of CSA of BCSP. Technological
studies were carried out taking into account the
properties of the pulp and process parameters. In
particular, there are the amount of slurry and
amorphous selenium in the pulp, the speed and time
of rotation of the centrifuge rotor.

Experiments. Materials. Slurry obtained from
BCSP pulp according to the scheme: heating -
filtration - washing with water from sulfuric acid -
drying at 105 °C. There is metallic selenium of the
CT-0 grade, sulfuric acid of the HG qualification,
nitric acid of the HG qualification, tin (1) chloride
of the analytical grade qualification. Amorphous
selenium obtained from a metal according to the
method described in the book [26]. Model sulphate
solutions of pulp with different content of slurry
(0.1-14 g/dm®) and component selenium of red
modification (0.03; 0.1; 0.2 g/dm®) at a constant
concentration of sulfuric acid (50 g/dm?).

Amorphous selenium was obtained by
dissolving the metal in concentrated nitric acid to
form selenous acid, followed by its recovery with a
solution of tin chloride. The dissolution and
recovery operations were carried out in a
temperature-controlled cell with stirring using a
mechanical mixer with an adjustable speed,
selenium was released in a Dastan RS-6MC

centrifuge of Kyrgyz production (Figure 1b).

a - a cell for obtaining selenous acid and obtaining amorphous
selenium from it, b - a centrifuge for extracting amorphous
selenium from pulp

Figure 1 - Laboratory setup to obtain amorphous
selenium from metal

Amorphous Selenium Production Method.
Five grams of pre-grinded metallic selenium (Figure
2a) was dissolved in 0.23 dm? of concentrated nitric
acid with stirring. A solution of emerald color was
received (Figure 2b). Then, from a separating
funnel, the calculated amount of 10 wt. % of SnCl,
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Figure 2 - Metallic technical selenium look (a), selenous acid solution (b), selenium precipitated from the selenous acid
solution (c) and dry sediment of amorphous selenium (g)

AAALLAALA

Figure 3 - The original model pulp look with a slurry content of 0.1 - 14 g/dm?

solution was added. After it was added, a light
suspension of red color appeared. As the amount of
Sn Cl; solution increased, the amount of suspension
increased, and the color intensity of the solution
decreased. Tin chloride was applied until completely
discolored solution and the red suspension fall has
ceased. A bulky residue of amorphous selenium
(Figure 2c) was isolated from the pulp by spinning.
The mother liquor was elutriated from the cell,
distilled water was poured in to wash the residue from
the solution, and all was thoroughly mixed. The phases
were separated by spinning. The residue was dried at
atmospheric temperature. The dry sediment was
grinded in a porcelain mortar (Figure 2d).

Results and discussion. The slurry content.
Figure 3 shows the model pulp solutions look with a
slurry content of 0.1; 0.5; 1; 2; 4; 6; 8; 10; 12;
14 g/dm®. Slurry weights are due to its actual
content in the production pulp of CSA of BCSP.

Conditions for the experiments: selenium
content - 70 mg/dm?®, sulfuric acid - 50 g/dm?,
solution volume - 0.2 dm?, centrifuge rotor speed -
2000 rpm, spinning time - 10 min.

Figure 3 shows that with an increase in the
slurry content, the color of the pulp changes from
light pink to dark grey. Under the conditions of the
experiments, all types of pulp were divided into
solution and residue. Solutions are colorless
transparent, which indicates a complete transition of
slurry and amorphous selenium in the sediment.
Unfortunately, it was not possible to provide
photographs of the cell after spinning the pulp
because of the cell construction material.

They are made of white thick polymer
material. ~ Therefore, the sediments  were
photographed from the top of the cell. The amount
of sediment at the bottom of the cell increases with
increasing slurry in the pulp. The sediments are
represented by the two layers: the bottom is dark,
the top changes from pink to dark grey with black
blotches. Figure 4 shows photographs of sediments
with minimum and maximum slurry contents in the
pulp (top view). In the first case, the top layer of
sediment is red, in the second - dark, since the
amount of selenium is very small, therefore its
particles are entangled in the slurry.

Selenium content. The selenium content in the
pulp was 0.03; 0.1; 0.2 g/dm?®.

Conditions of the experiments are the slurry
content - 1 g/dm®, sulfuric acid - 50 g/dm®, solution
amount - 0.2 dm?, rotor speed - 2000 rpm, spinning
time - 10 minutes. And in this case, the pulp was
divided into two phases, similar to the previous
series of experiments. However, the top layer of
sediments in all experiments is red, the thickness of
which is visually different. The photographs of
residues are similar to the photographs of Figure 4a,
so they are not provided.

Rotor speed and spinning time. The effect of
these parameters was studied when the slurry
content in the pulp was 1 g / dm® and selenium was
0.03; 0.1; 0.2 g/dm3. The emphasis on the selenium
content is made because of the lower rate of its
release from the pulp, due to its amorphous state and
lower specific weight compared with lead sulfate -
the  main  component of the  slurry.
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Table 3 - Effect of rotor speed and spinning time on pulp separation

Spinning parameters Selenium content, g / dm®
Rotation . . 0,03 | 0,1 | 0,2
. Time, min - PP
r/min Solution specification
2 Pale-pink Intense pale-pink dull, pink
4 dull, colourless Pale-pink dull, Pale-pink tint
500 6 dull Pale-pink dull, Pale-pink tint
8 dull Pale-pink faint pink tint
10 dull dull, pink tint faint pink tint
2 dull, pink tint dull, pink tint dull, white-pink tint
4 dull dull dull
1000 6 dull dull dull
8 dull dull dull
10 dull dull dull
2 dull dull dull
1500 4 dull dull dull
transparent,
6 transparent, colourless | transparent, colourless
colourless

Figure 4 — Residues photos with the slurry content in the
pulp 0.1 g/dm? (a) and 14.0 g/dm? (b)

The rotor rotation speed was studied in the
range of 500-1500 rpm with a step of 500, the
spinning time — 2-10 min with a step of 2. The
process was controlled by turbidity and solution
color. The results are provided in Table 3

As can be seen from Table 3, the main factor
affecting the separation of the pulp into phases is the
speed of rotation of the rotor. An increase in the
rotor speed above 1000 rpm has a positive effect on
both the spinning time and the separation of the pulp
into phases, regardless of the selenium content in it.
So when the number of rotations equals to 500 and
1000 rpm./min, complete separation of the pulp into
phases is not achieved even after 10 min for any
content of selenium in the pulp. As evidenced by the
state of the solutions: dull, painted in pink colors of
various shades. A complete separation of the pulp is
achieved at a rotor speed of 1500 rpm. The
separation into phases occurred within 6 minutes at
any content of selenium with obtaining residues of
various colors (Figure 5). The color of residues
depends on the content of selenium in the pulp.

So, when its content in the pulp is 0.03 g/dm?, the
sediment is dark brown; at 0.1 and 0.2 g/dm3 -
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Figure 5 - Residues obtained at a rotation speed of 1500
rpm and the content of amorphous selenium in the pulp,
g/dm?®: 0.03 (a), 0.1 (b) 0.2 (c)

the red color prevails. (White spots on the photos -
the bottom of the ditch). (White spots on the photos
- the bottom of the ditch).

Considering the volume of pulp discharged to
the BCSP of 30-60 m%h and the selected spinning
conditions, a centrifuge with a capacity of 35 m%h
was chosen, the drive power - 45 kW/h, 45 kW.
According to the calculations for the separation of 1
m® of pulp with obtaining a clear solution and slurry
sediment, the energy consumption was 1.3 kW, in
monetary terms (when the cost of electricity is 10
tenge per 1 kW) is 13 tenge. In the case of pulp
heating and filtration (at the same cost) is 143 tenge.
Thus, at the same cost of 1 kW of electricity, the
method of pulp spinning is more than 10 times more
efficient than the method of heating - filtering.



Conclusions. The main factor affecting the
separation of the pulp into phases with obtaining a
clear solution and sediment of all components of the
slurry, in particular amorphous selenium, by
spinning is the speed of rotation of the rotor. Its
increase leads to a separation period reduction of the
pulp into phases. Preliminary calculations have
shown that the implementation of this method will
substantially reduce costs compared to the
previously recommended method of heating-
filtering of pulp.
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