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CRUSHING CIRCUIT OPTIMISATION IN A LEAD-ZINC PROCESSING PLANT
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ABSTRACT. A mineralogical study in order to determine the mineral composition of the ore entering the Rudozem concentrator have been carried out. Polished
sections of ore samples from the three hydrothermal Pb-Zn deposits - Petrovitsa, Varba-Batantsi and Kroushev dol have been prepared. The studies were performed
using a MEIJI MT 9430 optical microscope equipped with a DK 3000 digital camera. Compared to the ores from the other lead-zinc deposits in the Madan ore field,
the ore processed in Rudozem plant contains harder to grind components, resulting in poor plant performance and limited production capacity. Therefore, it was
recommended to improve the old crushing and screening circuit (three stage crushing in closed circuit) with new modern equipment comprising of two stage crushing
and screening, including — jaw and cone crushers and one high throughput vibrating screen operated in open circuit. This study therefore sets out to assess the
benefits of the new equipment for the downstream processes.
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ONTUMU3UPAHE CXEMATA HA TPOLLEHE NPU NPEPABOTKATA HA ONTIOBHO-LIMHKOBW PYQIU
Upena Mpuzoposa, MapuH PaHyee, UeaH Huwkoe
Muro-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Cogpus

PE3IOME. 3a onpepfensHe MUHepanHus CbCTaB Ha pyaarta, nocTbnealia Ha npepabotka B O® ,Pynosem” 6sxa npoBefeHM MUKpockomnckv uacnegsaqus. bsxa
M3roTBEHW MONMpPaHN MUKPOCKOMCKM NpenapaTit (aHLLnugu) OT Tpu ocpesHeHW, KBapToBaHW pyaHu npobu oT Haxoauwata letpoeuua, Bupba-bataHum u Kpywes
pon. MuKpocKonck1Te n3cneaBaHus Ha nmpenapaTuTe ca NpOBEeAeHW C MOMOLLTa Ha monspusaumoHeH mukpockon MEII MT 9430, okomnnektoBaH ¢ gurutanHa
kamepa. B cpaBHeHue ¢ pyauTe OT ApyruTe ONOBHO-LMHKOBM Haxoguiia B MapaHckoTo pyaHo mone, pyaata npepabortsaHa B OO ,Pynosem, cbabpxa TpyaHoO
CMUNaeM1 KOMMOHEHTH, KOBTO BOAM [0 HUCKM TEXHOMOIMYHN NOKa3aTeny U orpaH1yeHa NpousBoauTenHocT. Mopaau ToBa, Gelle npenopbyaHo cTapaTa cxema Ha
TPOLLEHe ¥ NpecsiBaHe (TpUCTagManHa cxeMa Ha TpOoLLeHe B 3aTBOPEH LMKbI) fa Obae noaMeHeHa ¢ HOBO MogepHO 060pyaBaHe, BKIIOYBALLO YEmnCTHA U KOHYCHa
TPOLLAYKa M BUCOKO MPOM3BOAMTENHO BMOPALMOHHO cuTO, paboTeluy B OTBOPEH LMKBA W [Ba CTaaus Ha TpOLLEHe M npecsiBaHe. B ToBa macrneasaHe ce npasu
OLieHKa Ha NpeAnMCcTBaTa Ha HOBOTO 0B0pyABaHe BbPXY NOCMeABALLMTE NPOLECH B TEXHOMOMMYHaTa Bepura Ha dabpukata.

KntouoBu aymm: TpoLLeHe, NpecsiBaHe, OTBOPEH Livkb, 06opyaBaHe

Introduction Petrovitsa, Varba-Batantsi and Kroushev dol are hosted in the
rocks of the Madan Unit - various gneisses, schists,
The largest, economically most important deposits of Pb- amphibolites and marbles.
Zn ores in Bulgaria are located in the Central Rhodopes, in the The predominant metamorphic rocks are represented by
Madan ore field. The polymetallic ore mineralisation in Madan biotite and amphibole-biotite gneisses, containing amphibolite
ore field is controlled by major six several steep ore fault bodies (metagabbro), irregularly alternating with marbles
zones, with length to 10-15 km and more, with NNW- SSE packages containing graphite and phlogopite. A characteristic
trending (Fig. 1). The Pb-Zn mineralisation has been feature of the Madan Unit is the abundance of quartz-feldspar
represented by three morphogenetic types of ore bodies —  Vveins, located both in parallel and crosscut on the
steep to subvertical ore veins (1 to 3 km wide, up to 7 km metamorphites. Among the migmatised biotite and amphibole-
long), marble-hosted metasomatic ore bodies and biotite gneisses, biotite gneiss-schists with and without garnet
disseminated stockworks. The metasomatic (skarn) ore bodies are established, forming irregular layers.
are developed by hydrothermal replacement at intersections of Comminution processes such as crushing and grinding
the ore-controlling faults with the marble horizons. constitute a significant proportion of capital and operating costs
The main ore minerals in the deposits are represented by in mineral processing plants (Napier-Munn et al., 2005).
galena, sphalerite, pyrite and subordinate amount of Crushing circuits are an essential part of most mineral
chalcopyrite, and non-metallic minerals - mainly of quartz, processing plants, with various production units such as
carbonates, johannsenite-hedenbergite skarns (in metasomatic crushers, screens, bins, conveyors and feeders. There are
ores bodies) and others. numerous configuration and number of units in each
The hydrothermal Pb-Zn deposits in Madan ore field are processing plant, as the main purpose of crushing is to prepare
hosted in the Rhodopean metamorphic complex, consisting the ore for further processing, i.e. to produce a certain amount
mainly of high grade metamorphic rocks of the Madan Tectonic of material of a certain size per day so that the grinding circuit

Unit (Madan Allochton) and Arda Unit. The Pb-Zn ore deposits has sufficient feed.
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Fig. 1. Simplified geological map of the ore deposits in the Central Rhodopes and location of the main Madan ore deposits (modified

from Vassileva et al., 2009, after lvanov, 2000)

According to Napier-Munn et al. (2005), the criteria for a
comminution optimisation campaign are usually determined by
the following objectives:

o Maximise throughput and maintain the existing final
product size specification;

o Change final product size and maintain the existing
throughput;

o Maintain existing throughput and final product size, but
minimise working costs.

Following the above mentioned objectives, the optimisation
of the old crushing and screening circuit will enable the ball
mills to take advantage of the finer feed (change of the final
product size) that is produced from the new crushing and
screening equipment.

The purpose of this research paper is to assess the
benefits of changing the three-stage crushing and screening
circuit to two-stage, by replacing the original (old) equipment
with new state of the art crushing and screening units.

Original three-stage crushing and screening circuit of the
Rudozem concentrator

The original crushing and screening circuit includes a
primary KKD-500/75, secondary KSD 1750 and tertiary KMDT
2200 cone crushers manufactured in Uralmash, the Ural Heavy
Machine Building Plant, Yekaterinburg, Russia, and the
vibrating screens type SB-350 manufactured in Monek-Yug
(former Komsomolec plant) Kardzhali, Bulgaria, have been in
operation for more than 50 years. The flowsheet of the original
Rudozem crushing and screening circuit is shown in Figure 2.
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Materials and Methods

Mineralogical studies

In order to determine the mineral composition of the ore,
polished sections of representative ore samples from the three
hydrothermal Pb-Zn deposits - Petrovitsa, Varba-Batantsi and
Kroushev dol have been prepared. Mineralogical studies of the
polished sections were performed using a MEIJI MT 9430
optical microscope equipped with a DK 3000 digital camera.

Particle size distribution of ball mill feed

Particle size analysis of the ball mill feed have been
conducted, in order to assess the performance of the old
(original) and the new crushing and screening circuit. The
laboratory sieve analysis was carried out with sieve shaker
Retsch AS 200 using the following test sieves (200 x 50 mm):
45, 40, 35, 20, 16, 14, 10, 5, 2 and 1 mm. Furthermore, the
total reduction ratio for both crushing circuits has been
calculated.

Reduction ratio

The reduction ratio of a crushing stage can be defined as
the ratio of maximum particle size entering to maximum
particle size leaving the crusher (Wills, Napier-Munn, 2006). All
crushers have a limited reduction ratio meaning, that the size
reduction will take place in stages (Metso Minerals®, 2002). In
order to compare the total reduction ratio for both circuits, data
from a plant survey conducted after the installation of the new
equipment have been analysed and the results are presented
below.
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Mineralogical studies

The data from the conducted studies in polished sections
by reflected light microscopy show that in the samples
examined there are fragments from both the quartz-sulphide
ore veins and the metasomatic ore bodies, formed in the
skarns and in the marbles, present among the host
metamorphic rocks.

The results obtained show that the main ore minerals in the
ores are represented by galena, sphalerite, pyrite and
subordinate amount of chalcopyrite and non-metallic minerals -
mainly of quartz, carbonates, johannsenite-hedenbergite
skarns, flaky phyllosilicate minerals (sericite, chlorite), clayey
phases and others (Fig. 3). The presence of pyrrhotite and
pyrite-marcasite pseudomorphoses after primary pyrrhotite is
also found in the ore from the Varba-Batantsi deposit.

Data on temperature of forming, distribution of main ore
minerals within quartz-sulphide mineralization and content of
trace elements in separate ore minerals suggest dome-like
type of zoning in the Madan ore field (Kolkovski, Dobrev,
2000). In the upper (outer) zone the mineralisation is quartz—
sulphide with a sphalerite prevailing over the galena, the
galena showing high content of Ag and Sb. In the intermediate
zone mineralisation is quartz-sulphide again, but galena
prevails over the sphalerite, with the galena being enriched
with Bi, as well as with Ag and Sb. At the lowest level of the
deposits barren quartz is found.

The host rocks, including the lead-zinc deposits in the
Madan ore field, also differ in lithological composition. Some of
the deposits such as Varba - Batantsi, Kroushev Dol and
Petrovitsa are located in the Madan Unit (Madan allohton),
occupying the upper parts of the metamorphic complex in the
Central Rhodopes. The Madan Unit is made up of a variety of
high grade metamorphic rocks — biotite and amphibole-biotite
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containing graphite and phlogopite, etc. A characteristic
peculiarity of the Madan Unit is the presence of abundant
quartz-feldspar bodies and veins. Skarns and sulphide
mineralisation are often developed on the contact of pegmatite
bodies with the marbles included among the gneisses.

According to Grigorova et al. (2017), it has become
increasingly popular in large scale mineral exploration surveys
to use non-invasive geophysical methods for collecting more
accurate information about the location and the geological
properties of the ore bodies and surrounding area. This
information can be particularly important when presence of
components such as gneisses and other high grade
metamorphic rocks occur in the area of interest.

It is well known that the presence of components, such as
gneisses and garnet-containing gneiss-schists, amphibolites
(metagabbro), pegmatites, mica, chlorites, graphite etc., will
cause difficulties during ball mill grinding, due to the higher
bond work index (kWh/t) values, which they possess.
Therefore, in order to reduce the size of the ore particles
entering the ball mill grinding circuit and to decrease the
energy consumption required for ball milling, it was suggested
that a replacement of the obsolete crushing and screening
machinery should be realized.

Particle size distribution of ball mill feed

The results from the laboratory particle size analysis clearly
demonstrate the higher efficiency of the new crushing and
screening equipment, providing a product in the size range of -
16.00 +0.00 mm, which will favourably affect the performance
of the downstream processes, i.e. the ball mill grinding and
flotation. It is important to highlight the fact that despite the
contrast in P80 for both products, there is no significant
difference in the amount of finer sizes (-2.00 mm) as a result of
which the slime production in the circuit will be reduced. The
ball mill feed size distribution curve is shown on Figure 4.
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Fig. 3. Photomicrographs of the mineral assemblages from the Pb-Zn ores, processed in the Rudozem concentrator. Reflected light, N II,
width of view - 820 um: A) Galena (ga) and sphalerite (sph), corroded by carbonate (carb); B) Galena (ga), pyrite (py), sphalerite (sph)
and quartz (qz). C) Galena (ga), pyrite (py) and chalcopyrite (chp), corroded by carbonate (carb) veinlets; D) Sphalerite (sph) with
disseminated fine-grained inclusions of chalcopyrite (chp) among quartz (qz)
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Fig. 4. Comparing the ball mill feed particle size distribution

Reduction ratio

The results from the sampling campaign, involving a simple
size analysis of the crushed products from the original and the
new crushing and screening units are presented in Table 1
below:

The estimated total reduction ratio (R) for both circuits is
shown below:

o Old crushing and screening circuit: R1 = 2.4; R2=2.1;
R3=3.43;
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Table 1. Size analysis of the crushed products

Old crushing | New crushing
Product and screening | and screening
circuit: circuit:

Feed ore, mm 600 600
Primary crushed 250 70
Product, mm
Secondary crushed 120 Pao 14 mm
product, mm
Tertiary crushed
Product, mm Peo 35 mm )

o Total reduction ratio: R1xR2xR3 = 17.3

o New crushing and screening circuit; R1 = 8.57; R2=5.0

o Total reduction ratio: R1xR2 = 42.85

The results show that a higher reduction ratio with less
crushing equipment has been achieved, which is a prerequisite
for lower operating costs i.e. saving energy, mechanical
reliability, easy and safe maintenance.
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New state of the art crushing and screening circuit

The original crushing and screening circuit includes a
vibrating grizzly feeder, providing a continuous feed rate and
scalping of the ROM. The primary crushing of the ore is carried
out in a jaw crusher with actual feed opening depth of 700 mm
and 1060 mm width, with throughput capacity of around 160 —
190 t/h. The size control of the circuit is accomplished by an
incline double deck vibrating screen, with 30 mm top deck and

Feed
Bin
Grizzly
feeder
[ oo Jaw
=4 crusher
5
O O ©
Bin

Grinding circuit

+——— Pgy14mm

14 mm bottom deck apertures. The screen oversize and mid-
size fractions are fed to the cone crusher, the undersize
fraction combined with the cone crusher product is conveyed to
an intermediate stockpile and then fed to the ball mills. The
secondary crushing stage is carried out in a cone crusher with
14 mm closed side setting (stroke setting) and throughput
capacity of 110 — 170 t/h. A simplified block flow diagram of the
new crushing and screening circuit is shown in Figure 5.
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Fig. 5. New crushing and screening circuit of the Rudozem concentrator

Conclusions

Based on the results from the mineralogical studies, it can
be concluded that the improvement of the crushing and
screening circuit in the Rudozem concentrator, will provide a
finer ball mill feed product, thus boosting the grinding efficiency
of the harder to grind ore components and reducing the
specific energy consumption. Furthermore, the higher
reduction ratio, achieved by fewer machines, ensures an easy
maintenance, cost efficiency and safe working environment.
Taken together, the findings in this research highlight the
benefits of the new crushing and screening equipment installed
in the Rudozem concentrator.
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