Online X-Ray Fluorescence Monitoring of Coarse
Ore for Silver at the Process Conveyors at
Kazakhmys Corporation LLC

Aydar NIGMATULINY, Zaure ABDRAKHMANOVAY, Andrey KAN",
Sergey EFIMENKO?, Dmitry MAKAROV?

! Kazakhmys Corporation LLC Metallurgov pl. 1, Zhezkazgan, 101300, Kazakhstan

? Kazakhmys Corporation LLC Metallurgov pl. 1, Zhezkazgan, 101300, Kazakhstan; email: serg_yef@mail.ru

% Institute of Industrial North Ecology Problems of the Kola Science Centre of RAS, Akademgorodok, 14a, 184209, Apatity, Russia;
email: mdv_2008@mail.ru

http://doi.org/10.29227/IM-2020-01-56

Submission date: 14-02-2020 | Review date: 07-04-20120

Abstract

This paper examines the process and methodological aspects of implementing online X-ray fluorescence monitoring of ore in terms of
its silver, cadmium, zinc, lead, molybdenum, and iron grade at the process conveyors at Balkhash and Karagaily Concentrators and
the main conveyor of the Nurkazgan underground mine operated by Kazakhmys Corporation LLC. The research was complicated by
the need to: a) ensure reliable measurement of silver and cadmium in the range of 1+ ppm, molybdenum in the range of 10+ ppm, as
well as copper, zinc, lead, and iron in the ore size class -300 mm; b) implement monitoring of the grade of these elements (except mo-
lybdenum) at Balkhash Concentrator in the waste slag of Balkhash Copper Smelter, characterized by a very complex elemental matrix.
A modification of the ore monitoring station RLP-21T (by Aspap Geo LLC, Alma-Ata) was developed, implemented, and thoroughly
tested for online monitoring of low-grade silver ore flows. Energy dispersive X-ray fluorescence method was adopted for ore assays.
Instrument spectra were measured every second. Silver, cadmium, and molybdenum grade was calculated based on 40 measurements,
copper, zinc, lead, and iron grade — based on 20 measurements.

Keywords: X-ray fluorescence method, RLP-21T ore monitoring station, coppet, silver, cadmium, molybdenum, online monitoring of ore
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Introduction

The existing literature on the implementation of effective
online monitoring of silver, cadmium, copper, lead, zinc, and
iron in the run-of-the-mine ore from the copper sandstone
deposits Zhezkazgan and Zhaman-Aibat fed to the Zhezka-
zgan Concentrators 1 (ZC-1) and 2 (ZC-2), using energy dis-
persive X-ray fluorescence (EDRXF) ore monitoring stations
(OMS) at on belt process conveyors, was reviewed in detail
in [1-3]. As a result of the studies conducted at ZC-1 and
ZC-2 from October 2016 to January 2017, for the first time
in Kazakhstan the most pressing production problem was
solved: highly effective online monitoring was implemented
of primary (Cu, Pb, Zn) and secondary (Ag, Cd) commer-
cial elements in ores of the size class -300 mm with a low (5+
ppm) silver grade, transported by heavy-duty belt conveyors
at concentrator plants.

Zhezkazgan industrial site and the Zhomart mine now
have access to: a) real-time information on the grade of the
ore fed to the concentrator plants during the shift, day, and
since the beginning of the month and can quickly make the
necessary adjustments to the mining and concentration pro-
cess; b) reliable evidence for the purposes of substantiating
their proposals concerning ore grade when the concentrator’s
output is allocated at the end of the calendar month.

The research goal was to develop a single high-perfor-
mance system for online monitoring of the chemical compo-
sition of the salable copper polymetallic ores at the mining
operations of Kazakhmys Corporation LLC, focused not only
on the core element (copper), but also secondary elements

(silver, cadmium, molybdenum). The goal was achieved at
some of the operations at the Zhezkazgan industrial site.

But Kazakhmys Corporation LLC also controls the depos-
its developed by the mining operations at the Karaganda and
Balkhash industrial sites: the gold and copper porphyry deposit
Nurkazgan (Cu, Au, Ag, Mo, Se, S), the pyrite-copper-lead-
zinc deposits Kusmuryn (Cu, Zn, Pb, Au, Ag, Cd Se, Te, S) and
Akbastau (Cu, Zn, Pb, Au, Ag, Cd, Se, S, Te), the gold-pyrite-
copper-lead-zinc deposit Abyz (Pb, Zn, Cu, Au, Ag, S, Se, T,
Cd, In, Hg), the Sayak group of copper skarn deposits (Cu, Mo,
Fe, Au, Ag, Co, Bi, Te, Se, Re), the porphyry copper deposits
Shatyrkol (Cu, Mo, Au, Ag, Te, Se, U) and Konyrat (Cu, Mo, S,
Au, Ag, Re, Se, Te), as well as the concentrators (Balkhash (BC),
Karagaily (KC), Nurkazgan (NC)) processing the ores.

The research goal was to deploy a single high-performance
system for online monitoring of the chemical composition of
salable copper polymetallic ores at the mining and process-
ing operations of the Karagandy and Balkhash industrial sites
controlled by Kazakhmys Corporation LLC.

The ores of the deposits listed above are characterized by
a broad grade range of the primary and associated elements, a
very low (1+ ppm) silver grade, and a large number of process
ore grades, i.e. are more challenging in terms of implementing
an X-ray fluorescence online monitoring of the ore grade at
the process belt conveyors compared to the ore coming from
the homogeneous (copper sandstone) deposits Zhezkazgan
and Zhaman-Aibat.

Balkhash Concentrator is fed ore from the mines Konyrat,
Sayak (Sayak-1 and Tastau), Shatyrkol, Nurkazgan, Akzhal
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Fig. 1. RLP-21T at the conveyors 2 and 2A, Balkhash Concentrator. Conveyor gallery with the OMS installed (a) and ore monitoring station RLP-21T (b)
Rys. 1. RLP - 21T na przeno$nikach 2 i 2A, koncentrator Balkhash. Galeria przeno$nikéw zzainstalowanym OMS (a) i stacja monitorowania rudy RLP - 21T (b)

Fig. 2. RLP-21T at the conveyors of Karagaily Concentrator and Nurkazgan mine. Conveyor 4 at Karagaily Concentrator (a) and conveyor at the
Nurkazgan mine (b)

Rys. 2. RLP - 21T na przeno$nikach w zakladzie wzbogacania Karagaily i kopalni Nurkazgan.
Przeno$nik 4 w zaktadzie Karagaily (a) i przenos$nik w kopalni Nurkazgan (b)

and waste slags of Balkhash Copper Smelter. Karagaily Con-
centrator is fed ore from the mines Akbastau, Kusmuryn, and
Abyz. The ore produced by the Nurkazgan underground mine
(NM) is processed at NC.

The research task was the most difficult at BC, simultane-
ously receiving ore from heterogeneous sources, such as de-
posits, and a virtually homogeneous source, i.e. the slag waste
dump at Balkhash Copper Smelter. The copper ores being
processed have high (Shatyrkol), medium (Sayak-1, Tastau,
Nurkazgan), low (Konyrat), and poor (Akzhal) grades. The
waste slags from Balkhash Copper Smelter have a complex
elemental composition: Cu — up to 1.15%, Zn — up to 6.0%,
Pb — up to 0.70%, Fe — up to 47.0%. Ore grain size: -300 mm.
OMS was planned to be installed at the heavy-duty belt con-
veyors 2 and 2A. Monitored elements: Cu, Pb, Zn, Ag, Cd, Fe.

At KC, one OMS unit was to be installed at the conveyor 4.
Ore grain size: -50 mm. Monitored elements: Cu, Pb, Zn, Ag,
Cd, Fe. Due to the more favorable ore size distribution, this
research task was considered the least difficult.

At NM, one OMS was planned to be installed at the mine’s
main conveyor. Ore grain size: -300 mm. Monitored elements:
Cu, Pb, Zn, Ag, Mo, Fe. Ore properties: a) very low silver
grade (the deposit averages 2.9 ppm); b) molybdenum in the
ore (110 ppm on average).

Due to the fact that the global non-ferrous metals indus-
try offers no examples of effective online monitoring of the
primary and associated ore component grades at an ore size of
-300 mm and silver and cadmium grade higher than 1+ ppm
using EDXRF OMS, the research problem is of high theoreti-
cal and practical relevance.

Study area/Materials and methods
A detailed review of the OMS market is available in [1-3].
Due to the fact that effective online monitoring of the primary

and associated ore component grades at ZC-1 and ZC-2 was
successfully implemented with the help of EDXRF OMS RLP-
21T, for BC, KC, and NM we chose: OMS RLP-21T, X-ray
fluorescence ore assay; an X-ray tube with side end radiation
emission coupled with combined targets as the excitation
source; silicon drift detector (SDD) with an internal collima-
tor as the radiation detector, which, together with a digital
signal processor, provides a high energy resolution (130 eV
along the 5.9 keV line).

Ensuring the stable operation of the OMS in ores with
an extremely low silver, cadmium, and molybdenum grade
for X-ray fluorescence is an extremely challenging task
in terms of instruments and methods. To achieve the set
goals, RLP-21T OMS was configured with more power-
ful X-ray tubes (a significantly higher pulse loading of the
spectrometric tract and, consequently, a higher sensitiv-
ity of X-ray fluorescence measurements of silver, cadmi-
um, and molybdenum was achieved); large-area silicon
drift detectors (FAST SDD° 25 mm? (500 pm/0.5 mil Be/
ML) (the detectors are capable of operating at loads up to
1 Gb/s, which is extremely important, because only at such
loads RLP-21T OMS can handle ores low in silver, cadmi-
um, and molybdenum); the most advanced (high-speed)
electronics; individual collimators of the X-ray tube prima-
ry radiation beam tube (clean conveyor belt sections con-
taining zinc should not get into the exposed area of the ore
surface).

To reduce the conveyor stopping time for the OMS opera-
bility checks, an artificial control sample was added to RLP-21T
OMS, which is mounted onto the openings of the X-ray tube
and SDD on the side end of the RLP-21T OMS body and held
by magnets. Elemental composition of the control sample: Cu
- 1.38%, Ag - 12.0 ppm, Zn - 0.05%, Pb - 0.20%, Cd - 1.8
ppm, Fe — 4.65%.
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Tab. 1. RLP-21T performance at BC in 2018
Tab. 1. Wydajnos¢ RLP - 21T w BC w 2018

Month Copper, % Silver, ppm
of 2018 | Underflow | OMS A G, % Underflow |  OMS A S, %
5 0.85 0.85 0 0
6 0.93 0.93 0 0
7 0.93 0.95 -0.02 2.15
8 0.92 0.95 -0.03 3.26 533 4.51 0.82 15.38
9 0.94 0.95 -0.01 1.06 5.35 4.49 0.86 16.07
10 1.04 1.05 -0.01 0.96 5.53 4.60 0.93 16.82
11 0.98 0.95 0.03 3.06 4.50 4.34 0.16 3.56
12 1.11 1.10 0.01 0.90 5.81 6.01 -0.20 3.44
E;;‘I 0.963 0.966 | -0.004 0.39 5304 4.790 0.514 9.69
Tab. 2. RLP-21T performance at BC in November 2018
Tab. 2. Wyniki RLP - 21T w BC w listopadzie 2018
Mine Copper, % Silver, ppm
Underflow OMS A o, % Underflow OMS A o, %
Shatyrkol 2.34 2.27 0.07 2.99 3.85 3.70 0.15 3.90
Sayak 1.04 1.00 0.04 3.85 5.59 5.37 0.22 3.94
Nurkazgan 1.05 1.02 0.03 2.86 3.25 3.12 0.13 4.00
Konyrat 0.28 0.37 0.01 2.63 2.88 2.77 0.11 3.82
Slag 0.73 0.72 0.02 2.70 7.88 7.57 0.31 3.93
Total 0.98 0.95 0.03 3.06 4.52 4.34 0.18 3.98

Dedicated research was carried out for the purposes of
the more complex analytical tasks, as a result of which ma-
jor upgrades were made to the OMS RLP-21T software. In
the software, in particular, the components were upgraded
responsible for the following: compensation for the variable
profile of ore loading onto the belt conveyor (variable sen-
sor-ore gap); compensation for the matrix effect; automatic
selection of conversion equations for each ore supplier to BC,
etc. In addition, Aspap Geo LLC had to deviate from its basic
principle: since the online monitoring objects are different,
ore types are different, ore processing products are different,
they had to switch to custom scales. The scale was selected au-
tomatically depending on the content of a group of elements
(primarily copper and iron).

Prior to installation on the conveyors, all OMS RLP-21T
units underwent mandatory bench tests. The research objects
were specially prepared ore sample sets from each of the depos-
its with a known content of the six elements. Each set included
three types of samples: powdered samples, size fraction after the
roller crusher (-3 mm), size fraction after the jaw crusher (-10
mm). After each OMS was suspended directly at the conveyors,
the entire test cycle repeated, but taking into account the limita-
tions on the stopping time of the conveyors for the tests.

At the OMS intended for the BC, KC, and NM conveyors,
the ore assay process tested at ZC-1 and ZC-2 [2, 3] was kept
with a single measurement exposure of 1 sec. The only differ-
ence was that at BC, copper, lead, zinc, and iron grades are av-
eraged based on 20 single measurements, silver and cadmium
grades are averaged based on 40 single measurements; at KC
and NM, all grades were averaged over five-minute intervals.

Results and discussion

The main research findings are discussed below.

1. At BC, OMS RLP-21T were installed at the heavy-duty
belt conveyors 2 and 2A and put into operation on May 4,
2018 (Figure 1).

The performance of RLP-21T at BC is shown in Table 1
(for silver, the differences in August-October 2018 were due
to technical reasons; these were later eliminated, as indicated
by the data from November and December). The interpreta-
tion of the performance data of RLP-21T in November 2018
is given in Table 2.

In July 2018, the QC testing station at the KKD 1500/180
crusher was shut down. As the data is collected, the grade cal-
culation algorithms for some ore suppliers are being refined.

Attention should be paid to the fact that, over the 11
months of operation, the maximum silver grade in a single
train recorded by the OMS was 11.5 ppm (Tastau) and 12.3
ppm (waste slag), and the minimum grade was 1.9 ppm
(Kounrad). This is much lower than the silver grade of the
ores fed to ZC-1 and ZC-2. Moreover, for the first time in the
world practice, an EDXRF OMS was able to detect that low
silver grades in ores sized -300 mm.

2. At KC, OMS RLP-21T was put into operation at convey-
or 4 on July 27, 2018 (Figure 2a). The silver grades recorded
by OMS over one five-minute interval were: 19.6 ppm (max-
imum) and 6.5 ppm (minimum). This is another evidence of
the uniqueness of the methodological approach and numeri-
cal models underlying RLP-21T.

3. RLP-21T at the Nurkazgan underground mine. RLP-
21T on the main belt conveyor was put into operation on June
14, 2018 (Figure 2b). The grades recorded by OMS over one
five-minute interval were: 7.4 ppm (maximum) and 1.1 ppm
(minimum) for silver, 0.1105% (maximum) and 0.0008%
(minimum) for molybdenum.

Conclusion

1. A system for online monitoring of the primary (Cu, Pb,
Zn) and associated (Ag, Cd, Mo) elements in the copper poly-
metallic ores processed at Balkhash Concentrator, Karagaily
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Concentrator, and the Nurkazgan underground mine was de-
veloped, thoroughly tested, and commercialized. The system
is based on the EDXRF ore monitoring station RLP-21T.

2. Four ore monitoring stations RLP-21T were put into
operation: two at BC (heavy-duty belt conveyors 2 and 2A,
monitored elements: Cu, Pb, Zn, Ag, Cd, Fe), one at KC (belt
conveyor 4, monitored elements: Cu, Pb, Zn, Ag, Cd, Fe), one
at NM (main belt conveyor, monitored elements: Cu, Pb, Zn,
Ag, Mo, Fe).

3. For the first time at a large-scale mining project in Ka-
zakhstan (Kazakhmys Corporation LLC), a practical solution
was implemented for online monitoring of primary (Cu, Pb,

Zn) and, most importantly, associated (Ag, Cd, Mo) elements
at low (1+ ppm ) silver and cadmium and (10+ ppm) mo-
lybdenum grades and an ore size of -300 mm at process belt
conveyors. Thus, the groundwork has been laid for ore grade
management according to the content of the primary and as-
sociated elements (most importantly, silver).
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Monitorowanie online za pomocg fluorescencji rentgenowskiej gruboziarnistej rudy srebra na

przenosnikach w zaktadzie przerébki w Kazakhmys Corporation LLC
W artykule przeanalizowano proces i aspekty metodologiczne wdrazania zdalnego monitorowania zawartosci srebra, kadmu, cynku,
olowiu, molibdenu i Zelaza w zakladach wzbogacania Balkhash i Karagaily oraz na gléwnym przenosniku w kopalni podziemnej
Nurkazgan obstugiwana przez Kazakhmys Corporation LLC. Badania byly skomplikowane ze wzgledu na koniecznosc: a) zapew-
nienia niezawodnego pomiaru srebra i kadmu w zakresie 1+ ppm, molibdenu w zakresie 10+ ppm, a takze miedzi, cynku, otowiu
i zelaza w klasie -300 mm; b) wdrozy¢ monitorowanie tych pierwiastkow (z wyjgtkiem molibdenu) w koncentracie Balkhash ,w zuzlu
odpadowym Huty Miedzi Balkhash, charakteryzujgcym sig bardzo zlozong matrycqg elementarng. Opracowano, wdrozono i doktad-
nie przetestowano modyfikacje stacji monitorowania rudy RLP-21T (firmy Aspap Geo LLC, Alma-Ata) do monitorowania online
przeplywéw rudy srebra o niskiej jakosci. Do fluorescencji rentgenowskiej zastosowano dyspersyjng metode rentgenowskg.
Widma mierzono co sekunde. Zawartos¢ srebra, kadmu i molibdenu obliczono na podstawie 40 pomiaréw, a miedzi, cynku, ofowiu
i zelaza — na podstawie 20 pomiaréw.

Stowa kluczowe: rentgenowska metoda fluorescencji, stacja monitorowania rudy RLP-21T, miedZ, srebro, kadm,molibden, monitoring
online rudy, przenosniki tasmowe
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