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Caxxerak: Y yumy ogpehusarea iapameiiiapa 3iyuitasaroa geuHUiUBHOI KOHUEHIAPATAA OAKPA U3 JeHUUITa
Bopcka pexa xoju je gobujen iiocitiyiikom gnoitiauuje ypahen je exciiepumenii ianoxerva. Cagpicaj uepcitie pase
Ha ToUeliKy uciuiniusara je usxocuo 30%. Pesynitiaitiu koju cy gobujeru okasanu cy ga ce geuHuitiuHY KoH-
ueninipatii 6axkpa wanoxu go cagpicaja uspcitiol og 55% agexeaitinom opsurom. IIpu 0saxo i060/wHOj 6p3UHU THid-
103 e HEOTIXOGHA je MANa cleuudu1Ha HoBpUIUHA STy UBAUA.

KJI)y‘lHe peun: KOHIEHTPAT BAKPA, CAIPYKA] UBPCTE ®AS3E, TAJIOJKEIBE, 3I'YIIIILABAILE

Abstract: In order to determine the thickening parameters of the definitive copper concentrate from the Borska
Reka deposit, which was obtained by the flotation process, a sedimentation experiment was conducted. The
solids content at the beginning of the test was 30%. The results obtained showed that the definitive copper
concentrate precipitated to a solids content of 55% at an adequate rate. At such a favorable deposition rate, a
small specific surface area of the thickener is necessary.

Key words: COPPER CONCENTRATE, SOLID PHASE CONTENT, DEPOSITION, THICKENING

YBO/[, INTRODUCTION
Jlexxumre «bopcka Peka» je cactaBuu peo Tu- The “Borska Reka” deposit is an integral
MOYKOT MarMaTCKOT KOMITIEKCa 11 HaJsasy ce y part of the Timok Magmatic Complex and is

ceBepo-3aIafHOM 000IHOM Jieny rpazna bopa, located in the north-western peripheral part
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ucrnoy, fonuHe bopcke peke, y cacTaBy aKTHB-
HOT pyfHMKa Jame. JlexxumTe je my>KMHE OKO
1000 m n mmpune oxo 500 m, 3anexxe npema
3amajy IMof yIjaoM of 45° no 55°, carmacHo 3a-
neraiy BOpckmx KOHITIOMepaTa M IIemrdapa,
a og bopcke xmpporepmanHe 30He OfiBaja ra
Bopcku pacepn [1]. Jocapaurmsum MCTpaxu-
BameM je KOHCTAaHTOBAHO Jia pygHo Terno «bop-
CKa peKa» IIpUIAfia TPYIM BPJIO BENMKUX JIe-
KMIITA 4Mja mpoceyHa MohHocT npemasu 300
m [2]. locagaursum ucnnTuBamuMa yTBphe-
HO je ma y nexxnmty «bopcka Pexa» cpepmnu
cappykaj 6akpa usnocu 0,50% Cu, 3mara 0,204
g/t Au, cpebpa 1,62 g/t Ag, monmnbuena 35,89
g/t Mo u cymnopa 7,8% S [3]. Jlexxnmure «bop-
cKka Peka» ce jomr yBek He ekcruloaruiie, ajn
ce cMaTpa Ja Ma 3HadajaH MOTeHIujas 3a Oy-
nyhy nponssopmwy 6axpa [4].

3a nmpodurabunHy excroaranujy ogpebhenor
JIEKUIITA HEOIXOQHO j€ HAjIpe CIPOBECTU
06MMHa MCTpakMBama y3 ofronapajyhy exo-
HOMCKY T1porieny [5]. CxopmHo ToMe, 06aB/beHa
Cy TeXHOJIOLIKA MCINTYUBAaba Ha jesrpuma Oy-
LIOTMHA U3 JIeKNITa «Bopcka peka» y okBupy
Kojux je, uaMmehy ocrasnor, npensubeno ma ce
ofipefie mapaMeTpyu Koju KapakTepuury jedu-
HNUTVBHE Ipou3Bojie GIoTalyjcKe KOHLeHTPpa-
[yje y OCTYILMMA BbUXOBOT OfiBOAbaBama. ¥
CKJTafly ca TMM, U3BpILIeHa Cy aboparopujcka
VICIATVBAaIba Ca CBPXOM yTBphuBama mokasa-
Te/ba IIpolieca 3rylIkaBama Ae(UHUTHBHOT
KOHIIeHTpara 6akpa.

EKCITEPMMMEHTATHM ITOCTYIIAK

KAPAKTEPUM3ALIMJA ITOJIASHOT Y3OPKA

Ysopak KoHIleHTpaTa 6akpa Koju je kopuiheH
y OBOM WCHMTVBamy HOOMjeH je mpema yT-
BpheHoj TeXHO/IOIIKOj IIeMM IPMKA3aHOj Ha
cmiy 1. IIpumeHOM [jaTe TeXHOJOLIKE IIeMe,
KPO3 IIPeTXOJHA UCTINTHUBAbA, HIOCTUTHYTH CY
ONTMMAJIHM Pe3y/ITaTy y MOINefy cajipXKaja u
uckopuirhemwa 6aKpa y KOHL[EHTPATY.
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of the town Bor, beneath the Borska Reka
valley, as a constituent of the active mine Jama.
The deposit is about 1000 m long, about 500
m wide, and inclined towards west at angle of
45° to 55°, in accordance with the inclination
of Bor’s conglomerates and sandstones. It is
separated from the Bor hydrothermal zone
by the Bor fault [1]. The researches so far
have proved that the ore body “Borska Reka”
belongs to a group of very large deposits
whose average thickness exceeds 300 m [2].
Previous studies have shown that “Borska
Reka” deposit contains (on average): 0.50%
Cu, 0.204 g/t Au, 1.62 g/t Ag, 35.89 g/t Mo
and 7.8% S [3]. The “Borska Reka” deposit
has not yet been exploited, but is considered
to have significant potential for future copper
production [4].

Profitable exploitation of a certain mineral
deposit requires extensive previous resear-
ches with appropriate economic assessment
[5]. Accordingly, technological tests were
carried out on exploration drill cores from
the deposit “Borska Reka’, where, among
other things, it was predicted to determine
the parameters that characterize dewatering
properties of final flotation products.
Therefore, laboratory tests were performed
with the purpose of determining the indi-
cators of the final copper concentrate thic-
kening.

EXPERIMENTAL

CHARACTERIZATION OF THEINITIAL SAMPLE

The copper concentrate sample used in this
study was obtained according to the techno-
logical scheme shown in Figure 1. According
to presented technological scheme obtained
by the previous studies, optimal results were
achieved regarding the content and recovery of
copper in the concentrate.
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Cnuxa 1, Texnonowika wema gobujarea KoHyeHmpaiia 6axkpa

Figure 1, Technological scheme of the flotation concentration of copper minerals

bunanc KoHLeHTpaLuje Koju OfroBapa aToM
eKCIIepUMMEHTY IIpyKa3aH je y Tabemn 1.

The obtained results of flotation are shown in
Table 1.

Tat6ena 1, Ociisapenu 6unarc $roimhayujcke KoHyeHmpauje

Table 1, Technological results of the examination

m, % Cu,% | RCu, % S, % RS, % Au, g/t | RAu,% | Ag, g/t | RAg, %

U 100,00 0,485 100,00 6,37 100,00 0,16 100,00 1,63 100,00

J 89,29 0,056 10,31 3,98 55,75 0,05 28,11 0,80 43,95
K, 10,71 4,06 89,69 26,35 44,25 1,07 71,89 8,51 56,05
K, 2,45 16,56 83,77| 29,76 11,46 3,24 50,10 22,78 34,39
M, 8,25 0,35 592 25,33 32,79 0,42 21,79 4,27 21,67
M, 0,79 1,85 3,01 24,53 3,04 0,90 4,47 4,50 2,19
K, 1,66 23,54 80,75 32,25 8,42 4,36 45,63 31,46 32,20
M, 0,25 6,69 3,43 23,99 0,94 2,40 3,76 17,00 2,60
K., 1,41 26,50 77,32 33,70 7,48 4,70 41,87 34,00 29,60

[ycTuHa ucnutuBaHOr y3opka opnpebena je
CTaHJapJHOM MeTOAOM IOMOhy cTakIeHor
NMKHOMeTpa. BpegHoCT rycTrHe neuHUTUB-
HOT KOHIeHTpaTa 6akpa usHocnu 3,80 t/m>.

Opnpebuame rpaHyIOMeTpUjCcKOT cacTaBa Io-
JIa3HOT Y30pKa KOHIIeHTpaTa 6aKpa M3BPIIEHO
je MOKpUM IIpOCejaBarbeM Ha CEPUjy CUTa THUIIA
“IMPACT TEST”, a pe3ynraru Cy IpuKa3aHu y
Tabenn 2 u Ha cauuu 2.

The density of the tested sample was determined
by a standard method using a glass pycnometer.
The density of the final copper concentrate was
3.80 t/m>.

Grain size distribution of the initial copper
concentrate sample was carried out by wet
sieving on the “IMPACT TEST” sieves and the
results are shown in Table 2 and Figure 2.
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Tabena 2, Ipanynomeilipujcku cacitias y30pka geuHutueHOI KOHUeHIlpailia 6axpa

Table 2, Grain size distribution of the final copper concentrate

Krnaca prcrln({r?lf;z)/ Size class m (%) R (%) D (%)
+0,090 4,5 4,50 100,00
-0,090+0,075 7,0 11,50 95,50
-0,075+0,063 2,0 13,50 88,50
-0,063+0,053 4,0 17,50 86,50
-0,053+0,045 6,0 23,50 82,50
-0,045+0,038 4,0 27,50 76,50
-0,038+0,020 17,5 45,00 72,50
-0,020+0,000 55,0 100,00 55,00
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Cnuxa 2, Ipanynomeifipujcku caciias y30pka gepuHUiueHol KoHyeHmpaiia 6axkpa

Figure 2, Grain-size distribution of the final copper concentrate

IIpema pesynraTuma npuKa3aHUM Ha CIUINU 2
MOJXKE C€ YOUUTHU 3HAYajHO IPUCYCTBO CUTHUX
K1aca (rcrmog 20 pm) y y30pKy KOHILIEHTpaTa.

OIPELMBAILEITAPAMETAPA3I'VYIIIILABAIHA
JEOVIHUTMBHOI KOHIJEHTPATA BAKPA

Y uwby mcnmutuBama IapaMeTapa 3rylliba-
Bama JIePMHUTUBHOT KOHI[eHTpaTa 6Oakpa,
ypabeH je ommT TanmoXemwa KOHLEHTpara y
MeH3ypu 3ampemune 1000 cm’. Mensypa je
olpeM/beHa MUIMMETAPCKOM TPAaKOM 33 O4M-
66

The results in Figure 2 show a significant
presence of the finest classes (below 20 pm) in
the copper concentrate sample.

DETERMINATION OF THE THICKENING
PARAMETERS OF THE FINAL COPPER
CONCENTRATE

The examination of the parameters of the final
copper concentrate thickening was performed in
thegraduated cylinder of 1000 cm®. The graduated
cylinder was equipped with a millimeter tape
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TaBame BUCUHE POPMUPAHOT CTyOa 3TyCHyTe
nynne. Pagu jacHor youaBama IpaHUIle M3-
MeDy M30MCTpeHOT HMBOA TEYHOCTM U 3TyC-
HyTe ITy/Ie, KopuinheH je eIeKTpUYHU U3BOP
CBET/IOCTI.

ExcniepuMeHT Tajio)Kema YecTUI]a KOHIeH-
TpaTa y MEH3ypU M3BefleH je IIpU IOYEeTHO]
TyCTUHM mynmne og, 1,284 t/m?, ogHOCHO npu
capkajy uBpcte ¢ase o 30%. OBaj cappxaj
4yBpcTe (ase y Iy YCBOjeH je Ha OCHOBY MC-
KyCTaBa U3 MHJYCTPUjCKe IIPAKCe y Pa3IndM-
tuM norounma PTB Bop (mocrpojema 3a ¢io-
TalMjCKy KOHIIeHTpauujy y Benukom Kpuserpy
1 MajnaHIexy).

OunraBame BUCHHe GOPMUPAHOT CTyba 3ryc-
HyTe mysnie (OZHOCHO BUCHHe HUBOA OMCTpe
30He) Y MeH3ypy M3BpLIEHO je y onpeheHnm
BpeMeHCKUM MHTepBanuma. Ha cum 3 a), 6)
¥ 1I) fIaT je mpuKa3 u3Bobhera eKCIepuMeHTa
TAJIOXKeha y PA3MNIUTUM HEPUOAVIMA Of IO-
JeTKa IIpoljeca CeiuMeHTaLyje.

I

a)/a)

6)/b)

for reading the height of thickened pulp. In
order to clearly see the boundary between the
clear level of liquid and the thickened pulp, an
electric light source was used.

The experiment of sedimentation of concen-
trate particles in the graduated cylinder was
carried out at an initial pulp density of 1.284
t/m3, i.e. with a solid phase content of 30 %.
This content of the solid phase in the pulp was
adopted based on the experience of industrial
practice in various plants of MSC Bor (flotation
concentration plants in Veliki Krivelj and
Majdanpek).

The height of the thickened pulp (or the clear
zone height) in the graduated cylinder was
reading at certain time intervals. An overview
of the sedimentation experiment at different
times from the beginning of the sedimentation
process was presented in Figure 3 (a, b and c).

u)/c)

Cnuxa 3, Cegumeniniayuja gepuHuitiueHoi KOHUeHpaia 6axpa y Men3ypu: a) HaKox 12 munyiia manoxeroad;
6) HaxoH 45 muHyiia wanoxervd; u) HakoH 250 MUHyia WanoKera

Figure 3, Sedimentation of final copper concentrate in the graduated cylinder: a) after 12 minutes
of sedimentation; b) after 45 minutes of sedimentation; c) after 250 minutes of sedimentation

PE3YIITATUVICIIMTVBAILA VI JVICKYCUJA

Pesynratu npomeHe BUCHHE 30He OuCTpe Ted-
HOCTH Ca BPEMEHOM, Kao 1 IIPOMeHe BPEefIHO-

RESULTS AND DISCUSSION

Changes in the height of the zone of clear liquid
with time, as well as changes in the volume
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YeCTHUIIA y IIy/INN [IPUKa3aHy cy y Tabemu 3.

IToyeTHa KOHLEHTpaLMja YBPCTUX YECTULIA Y

nynmu (C,) ofpebena je npema obpaciy:

rze je:

_my 3851
1000

0y

m, — Maca y30pKa KOHIIEHTpaTa, g;

V - 3anpemnHa MeH3ype (KOjy YnHM 36up

3alpeMyHa BOJie M KOHIIEHTpaTa), cm>.

Tabena 3, Pesynitiaitiu cegumeniiiayuje 4epcitiux 4eciiuya gedunHutiueHoI KOHUeHTHpAailia 6axkpa

concentration of solid particles in the pulp are
shown in Table 3.

Initial concentration of solid particles in the pulp

(C,) is determined according to the formula:

—=0,385 [—]

where:

m, — mass of the concentrate sample, g;

V - volume of the graduated cylinder (sum

of water and concentrate volumes), cm?®.

Table 3, Results of sedimentation of the final copper concentrate solid particles

. Bucuna cry6a
Pepum 6poj .
Mepemsa BPeMe STyCHyTe ITynne Bucuna 6I/ICTpe' 30He KOHueHTpagM]a
Time Thickened pulp Clear zone height Concentration C/C
Noof ¢ (min) height H._ (mm) C. (t/m’) s
measurement H (mm) ! k
1. 0 335 0 0,385 1,000
2. 0,5 333 2 0,387 1,006
3. 1 330,5 4,5 0,390 1,014
4. 2 324,5 10,5 0,397 1,032
5. 3 318,5 16,5 0,405 1,052
6. 4 312,5 22,5 0,413 1,072
7. 5 307,5 27,5 0,419 1,089
8. 6 302,5 32,5 0,426 1,107
9. 8 293 42 0,440 1,143
10. 10 283,5 51,5 0,455 1,182
11. 15 261,5 73,5 0,493 1,281
12. 20 241 94 0,535 1,390
13. 25 220 115 0,586 1,523
14. 30 200 135 0,645 1,675
15. 40 163 172 0,791 2,055
16. 50 132 203 0,977 2,538
17. 60 115,5 219,5 1,117 2,900
18. 80 108,5 226,5 1,189 3,088
19. 100 105 230 1,228 3,190
20. 150 99 236 1,303 3,384
21. 200 96 239 1,343 3,490
22. 250 94 241 1,372 3,564
23. 300 93,5 241,5 1,379 3,583
24, 400 93 242 1,387 3,602
25. 500 92,8 242,2 1,390 3,610
26. 1200 92,5 242,5 1,394 3,622
27. 2000 92,5 242,5 1,394 3,622
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ITopep Tora, KOHIIEHTpaLMja YBPCTUX YeCTHLIA
(C)) y memy sampemmHe Kojy 3ay3uMa 3TyCHyTa
Iy/IIIa HAKOH BpeMeHa t, ofjpeheHa je Ha OCHOBY
obpacua:

Hy

(jk::(jgji;'

Ize je:
H, - moveTHa BUCHHA IIy/IlIe Y MEH3Y-
py, mm;
H - BucuHa cty6a 3TycHyTe Iy/iie Ha-
KOH BpeMeHa £, mm.

Jla 6u ce yTBpAWIa Cpefiba Op3VHA TalIOXeHa
JyecTHUIIa KOHIeHTpara 6akpa, 3aBUCHOCT n3Meby
BIICHHE OVICTpe 30He I BpeMeHa Ta/IOXKera KOH-
IieHTpara [IpyKa3aHa je rpagudky (cka 4).

2000
1800
1600

=
N B
(= -
o o

1000
800
600
400
200

speme /time, min

In addition, the concentration of solid particles
(C) in the part of the volume taken by the
thickened pulp after time t, is determined on
the basis of the equation:

=

where:
H, - initial height of pulp in the gradu-
ated cylinder, mm;
H - height of column of thickened pulp
after time ¢, mm.

To determine the mean rate of concentrate
particles sedimentation, the dependence be-
tween the clear zone and the concentrate sedi-
mentation time is shown graphically (Figure 4).

]

0 é.‘.‘“’ﬂ > > -
0 50 100

—

150

200 250 300

BUCUHa Buctpe 30He / Clear zone height, mm

Cnuxa 4, CegumeniiayuoHa Kpusa y30pka geduHUtiu6Hol KOHyeHmipaitia baxpa

Figure 4, Sedimentation curve of the final copper concentrate sample

3a oppebuBame Op3uHe Tanoxemwa usabpaxa je
MeTozia ipo¢. Murpodanoa. Y Tauyku mpece-
Ka IPaBNX KOje KapaKTepUIIy 30HYy Ta/lIOXKeHa
¥ 30Hy Komrpecrje (Ha cruiy 4 OBe IpaBe Cy
O3HadeHe 3e/IeHOM 00joM) OYMTaHe Cy OfroBa-
pajyhe BpegHOCTY BUCHHE 6UCTpe 30HE U BpeMe-
Ha TaJI0Kerba KoHLeHTpara. Ha 6a3u oBux moga-
TaKa, Cpefba Op3nHa TanmoXemwa (V) M3HOCH:

CH; 02419

y=—

e je:
H, - BucuHa 6MCTpe 30He OYMTaHA ca
CelMEHTAlMIOHe KpUBe, m;
t, — Bpeme Koje oiroBapa Bucunu H , h.

=02
;o842 0y

The method of prof. Mitrofanov was chosen for
sedimentation rate determination. At the point of
intersection of the straight lines characterizing the
sedimentation and compression zones (in Figure
4 these lines are colored green), the corresponding
values of the clear zone height and concentrate
sedimentation time can be read. On the basis of
this data, the mean sedimentation rate (v) is:

m

where:
H, - height of the clear zone, read from
the sedimentation curve, m;
t, — time corresponding to height H , h.
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Haxon yrBphuBama cpepme Op3nHe TaioxXema,
Moryhe je oppenutu crienndu4Hy HOBPUIMHY
3ryuimaBama (S) Ha OCHOBY M3pasa:

After determining the mean sedimentation
rate, it is possible to define required surface
area for thickening (s) based on the expression:

0,925-0,385 m?

ST CCpv 0,9250,3850,27

rfe je:
C, - 3aBpIIHa KOHI|EHTpAI[Mja YeCTULA
KOHIIEHTpaTa Koja OfroBapa cajpkajy
YBPCTOT Yy 3TYCHYTOj Iynmmu og 55%.
OBaj capprkaj uBpcTor usabpaH je Ha
OCHOBY TIIOflaTaKa M3 MHJYCTpUjCKe
npakce y morounma PTB Bop.

JobujeHn pesynraty ykasyjy Ha TO Ja ce KOH-
LIEHTpaT 06aKpa TajJoXM IIOBO/BHOM OP3MHOM
U ¥IMa PETaTMBHO Majy MOTpeOHy crienydnd-
HY HOBPIIVHY 3IyIIbaBamba IIpK 3alaTUM yC-
nosuMa. Hamme, Kpo3 MHAYCTPUjCKy IPaKCy
y norouuma PTb bop, mpu oBuMm ycinoBuma,
oCTBapMBaHe Cy HelTo Behe BpegHOCTH CIiel]-
nMYHUX MOBPIIVHA 3TYIIbaBama [6].

3AK/bYYAK

3a oppehuBame peneBaHTHMX WMHAMKATOPa
mpolieca 3IyllbaBama KOHIEHTpara Gakpa
pynHor nexunimra Bopcka peka m3BpiueHa cy
VCIUTHBAbA y 1a6OPATOPUjCKUM YCIOBUMA
METOJIOM TajIoXewa y MeH3ypu. KoHieHTpar
6akpa je JOOMjeH ONTUMATHUM TEXHOTOLIKIM
IIPOLIECOM, A AHAM3OM TPAHYIOMETPUjCKOT
cactaBa yTBpHeHO je 3HaUajHO MPUCYCTBO KIIa-
ca ycog 20 pm.

Pesynratn fobujeHn MeTOOM TanoXema Y
MEH3ypM II0Ka3yjy IOBO/bHY Cpefiiby Op3uHY
Tanoxemwa o 0,27 m/h mro 3axTeBa peatus-
HO Majly HOTpeOHy crenudnyHy MOBPUIMHY
3rymmanama off 5,605 m*/t/h. BpegrocTn koje
cy nobujeHe ce offHOCe Ha IyCTUHY y/Ia3He ITyJl-
ne ox 1,284 t/m’ u capipkaj uBpcTe dpase y aryc-
HYTOM IIPOU3BOAY Off 55%.

3AXBAJIHOCT

OBaj pap je Hactao kao pesynrar Ilpojexra
TP33007 “VIMmieMeHTaIja CaBpeMEHNX TeX-
HIYKO-TEXHOJIOIIKMX M €KOJIOIIKMX Pellerha y
nocrojehum npoussoguum cucremuma PBb n
70

=5,605 —

where:
C, - final concentration of particles
corresponding to the solid content of
55% in the thickened pulp. This solid
content has been chosen on the basis of
data from industry practice in MSC Bor
plants.

The obtained results indicate that the copper
concentrate is sedimented at a favorable rate
and has a relatively low required surface area
for thickening under the given conditions.
Namely, considering the industrial practice
in MSC Bor plants, somewhat higher values
of surface area for thickening were achieved
under these conditions [6].

CONCLUSION

To determine relevant indicators of the
thickening process of copper concentrate from
the “Borska Reka” deposit, tests were carried
out in laboratory conditions using the gradu-
ated cylinder sedimentation method. The cop-
per concentrate was obtained using an optimal
technological process, and the analysis of the
granulometric composition determined the
significant presence of classes below 20 um.

The results obtained by the graduated cylinder
sedimentation method show a favorable ave-
rage sedimentation rate of 0.27 m/h, which
requires a relatively small required specific
densification surface area of 5.605 m?/t/h.
The values obtained refer to an input pulp
density of 1.284 t/m* and a solids content in
the thickened product of 55%.
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