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X-RAY RADIOMETRIC ENRICHMENT OF COPPER
AND COPPER ZINC ORES OF KAZAKHSTAN

Abstract. The quality of copper and copper-zinc ores in Kazakhstan is deteriorating from year to year. There
were studies and pilot-scale tests on the different fields samples conducted in order to assess the fundamental
possibility of using the X-ray radiometric separation for pre-enrichment of copper and copper-zinc ores in
Kazakhstan. In preliminary studies the optimum material of X-ray tube anode was chosen, boundaries and analytical
fields of X-ray characteristic registration of copper, zinc, iron and the scattered X-rays were determined, as well as
the optimum of Pi analytical parameter (separation algorithm), which takes into account only copper and scattered
radiation intensity values, was installed.

Pilot scale tests of copper and copper-zinc enrichment from different deposits in Kazakhstan were carried out
on an industrial X-ray radiometric separator SRF2-300. It was determined that copper zinc ore of the Irtysh deposit
and copper ore of the Shatyrkul Sayak deposit, as well as Jaman-Aibat and Zhezkazgan can be recommended for
their enrichment on a stage of the raw materials ore preparation by X-ray radiometric separation method. The ores of
these deposits have good contrast and good raw material prerequisites for their enrichment in a lumpy condition. X-
ray radiometric separation method allows to obtain separation tailings which contains the major valuable
components (Cu and Zn) below the cut-off grade. With the purpose to develop technological regulations and to
design ore sorting complexes construction the basic technological pre-enrichment scheme has been developed.

Keywords: copper zinc and copper ore, X-ray radiometric separation, preliminary enrichment, X-ray emission
spectra, the analytical parameter.

In the Republic of Kazakhstan more than 90 deposits of copper have been explored [1]. Extraction of
copper ore in Kazakhstan is carried out by enterprises of LLP "Kazakhmys Corporation", LLP "Kazzinc",
Aktobe Copper Company, "Maikainzoloto" and others. The share of the company "Kazakhmys
Corporation" is about 85% of its copper in concentrate in Kazakhstan.

The main practical significance on copper and copper-zinc deposits is in sulphide ores. Oxidized ores
have a very limited distribution. As a rule, the main ore minerals that compose the primary sulfide ores of
copper-zinc deposits such as Irtyshskoe, Kosmurun and Akbastau are pyrite and chalcopyrite. In the upper
levels there is sphalerite, galena, faded ore and melnicovite-pyrite. Gangue minerals are quartz, barite,
chlorite, sericite and gypsum. Along with copper and zinc there are often in the ores gold, silver, cobalt,
selenium, tellurium, molybdenum, and bismuth.

The mineral composition of sulfide ore of copper deposits such as Shatyrkul Sayak, Zhaman-Aibat
and Zhezkazgan, is represented by chalcocite, bornite and chalcopyrite, to a lesser extent there are galena
and sphalerite. Ore-bearing rocks are composed of assorted sandstones, gravelites, inter- and
intraformational conglomerates, siltstones and mudstones. The main rock-forming minerals are chloritized
feldspar, conventional feldspar, quartz, calcite, altered tuffs and microfelsites. Dilution of marketable
copper or copper-zinc ore varies from 10 to 20%.

The quality of copper and copper-zinc ores in Kazakhstan is deteriorating with each passing year. In
particular, the processing involved Zhezkazgansky ore deposits containing copper not more than 0.4-
0.5%, which drastically reduces the efficiency of enrichment processes and increases production cost of
copper. In this case, it may be the most promising methods of prior enrichment that allow at the initial
stages of refining copper and copper-zinc ores to remove a significant amount of diluting breed and to
improve the quality of the raw material supplied to the concentrators. One of these methods is the X-ray
radiometric separation of rough material.
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While the X-ray radiometric separation the analyzed thickness of material depends on the energy of
the primary and secondary radiation (but the most by the characteristic X-ray of the analyzed elements)
and is from 0.01 to 1.00 mm - only the surface layer works. Surface distribution is significant for minerals
formed due to the circulation of ore-bearing solutions in cracks of rocks [2]. Sulfide minerals of copper
and copper-zinc ores, mainly, have passed such formation process. These cracks are concentrated
minerals, and at the same time, these cracks are the most weakened areas, which occurs when the splitting
pillar mining. This feature defines the basic physical and methodical bases of the X-ray radiometric
separation, as well as the technology requirements [3].

To assess the fundamental possibility of using the X-ray radiometric separation for pre-enrichment of
copper and copper-zinc ores in Kazakhstan there were conducted research, test and pilot tests on samples
of different deposits. Total weight of the samples was more than 50 tons. All received technological
samples characterize the grade of commercial ores of its deposits. Fineness of initial samples (mostly) is
not exceeding 300 mm. Selected material is representative of their fields, both in particle size, and on the
chemical and mineralogical composition.

Ore preparation and preliminary studies on the X-ray radiometric separation were carried out under
the program [4], which included:

- classification of received samples of copper or a copper-zinc ore by size classes with the release of
grain size +300, -300+150, -150+100, -100+50, -50+30 and -30 mm (Fig. 1.);

Initial sample
Initial sample

Classification by size on sieve
+300 mm -300+150 mm -150+100 mm -100+50 mm  -50+30 mm -30 mm
\\
S?)!iltin? up
Sample
| On research | division
v Y A4
L Carrying out the test and pilot tests

Figure 1 - Scheme of sample ore preparation of the copper or copper-zinc ores

- selection of the most representative samples of up to 50 pieces from engine class of each copper or
copper-zinc ore with particle size of -100+50 mm to conduct preliminary studies on the X-ray radiometric
separator SRF1-100;

- preliminary studies, including selection of algorithm and analytical areas of registration of the
characteristic X-ray of copper, zinc and iron, as well as the scattered X-ray radiation, the definition of the
algorithm values for the selected ore samples, the removal of the secondary characteristic spectra from the
ore pieces and the determination of other separation parameters in accordance with technique.

The software separator contains two main modes of operation [5]:

- "Analysis" - mode, in which you can make spectra "removal" from samples for a long time 0,1-30,0
sec. without issuing a signal for actuators (verification, research mode);

- «separation" - direct mode of sorting using all the settings of the separator, with issuance signal to
the actuators.

In preliminary studies in accordance with the method, the following main parameters of the separator
are fitted in the "Analysis" mode:

* set the optimum x-ray tube anode material. Due to the fact that the secondary characteristic X-ray
spectra of copper and molybdenum are much closer to each other (in Table of X-ray characteristics of the
elements of the Mendeleev Periodic they are numbered 29 and 42 respectively), than the spectra of copper
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and rhenium (which are located under the numbers 29 and 75, respectively), the X-ray radiometric
separator SRF1-100 for research it has been set the X-ray tube with rhenium anode;

* defined boundaries and analytical registration areas selected of the characteristic X-ray of copper,
zinc, iron, and the scattered X-rays. For targets made of iron, copper and zinc there were determined
check points for finding the analytic areas. It has been found that the iron peak is located in the channel
64, the copper peak is in the channel 82, the zinc peak is in 88 and the lead peak is channel 96. In this
case, the analytic area of registration of the characteristic X-rays was taken:

- for Iron - 56 - 70 channels;

- for Copper - 72 - 83 channels;

- for Zinc - 84 - 90 channels;

- for Lead - 93 - 98 channels;

- for the scattered radiation - 120 - 250 channels.

* made the choice of optimal analytical parameter Pi (separation algorithm). By characteristic X-ray
spectra of pieces taken as the most typical samples and related to copper-zinc ore of one of the fields of

Kazakhstan, there is quite clearly evident difference in intensity of spectra belonging Cu and Fe (Figs. 2
and 3).

Figure 3 - Spectrum of a piece with high copper content
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Spectra belonging zinc, are located next to the copper spectra and almost merge with them. There
was no changing in the intensity of the X-ray spectra in the channel owned by lead, almost for all selected
for research samples. Probably, this is due to its relatively low content in the ore.

When choosing an separation analytical option it has been considered several options, including:

= exploring the possibility of separating only the copper spectra:

N Cu

P Cu = . U.
Ng
where: N¢, — intensity of the secondary characteristic X-ray radiation of copper from ore test piece;
Ns - intensity of the same piece of the scattered X-ray of the primary spectrum of X-rays source - a
portable low-power X-ray emitter PRAM-50M with X-ray tube of properly-type BHV-10 (Re);
= examined the possibility of separating the spectra of copper and zinc:
N Cu + kI N, Zn
P Cu,Zn = 5 U.
Ns
where: Nz, - registered from piece of the intensity of the secondary characteristic X-ray of zinc;
k; - the spectral transmittance (in the research phase varied from 0.5 to 1.0 units.).
= studied the possibility of separating the spectra of copper, zinc and lead:
Neuw + ki Nz + koNpy
Pcuznpy = , U.
Ns
where: Np, - registered from piece the intensity of the secondary characteristic X-ray of lead; 4, -
the spectral transmittance (in the research phase varied from 0.5 to 1.0 units.).
As an example, Table. 1 shows the values of the algorithms of only ten most characteristic examples
of copper-zinc ore of one of the Kazakhstan deposits.

Table 1 — Values of separation algorithms for options

N of Values of algorithm, units.
sample New Newt 05N, Newt 05N, 0,505,
P, = pp= p; =
NS NS NS

1 0,799 1,130 2,270
2 0,439 0,785 1,570
3 1,700 0,780 1,560
4 1,332 0,603 1,210
5 0,987 0,791 1,580
6 0,528 0,666 1,330
7 1,005 0,825 1,650
8 1,250 1,390 2,780
9 0,599 0,776 1,550
10 0,479 0,867 1,730

The analysis of presented in table 1 data, can recommend analytical parameter P1 as an separation
algorithm for pre-enrichment of copper-zinc ore, which takes into account only the value of the intensities
of copper and scattered radiation. In this case, the range of values P, is nearly three times greater than the
values of P, and P;. The characteristic radiation of lead has no significant impact on the process of
separation and is ignored in the analytical parameter. Similarly, it was found that the optimal analytical
parameter for the X-ray radiometric separation of copper ores is also Pc,, which is defined as the ratio of
the spectral N¢,: Ns.

In order to determine the copper content in the ore pieces having different values of the analytical
parameter Pc, = N¢,: Ns, additional studies have been conducted. For this purpose, among ten samples of
ore shown in Table 1, six were selected as the most typical pieces that after sample division were sent to
chemical analysis to determine their content of copper (Table 2).
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Table 2 — The results of the analysis of the most representative samples of copper-zinc ore

N of Pc, = Ng,: Ng, U Content of
piece (determined on the separator SRF 1-100) Cu, %

1 0,439 0,025

2 0,528 0,164

3 1,005 0,774

4 1,250 0,908

5 1,332 1,539

6 1,700 2,806

The data presented in the Table 2 indicate quite clearly the next pattern - the higher the value of P,
of pieces of ore, the higher the copper content therein, and conversely, the lower the value of P, of ore
pieces, the lower the copper content. Therefore, as a separating sign for test and pilot tests of the
enrichment of copper and copper-zinc ores it was selected ratio of the characteristic X-radiation of copper
to the scattered radiation X-ray tube (method of spectral ratios).

Test and pilot testing of enrichment of copper and copper-zinc ores from different deposits in
Kazakhstan were carried out on an industrial X-ray radiometric separator SRF2-300 (Fig. 4).

- ‘& Y X

Figure 4 - pefimental-ihdustrial secto with separators SRF2-300 and SRF1-100

In testing process there were received 11 samples of copper and copper-zinc ores from seven deposits
of the "Kazakhmys Corporation". During the study it was found that Pcy value of the most characteristic

pieces of almost all samples received from different deposits varies within a wide range (Table 3).

Table 3 — Values of division algorithm P, for various copper and copper-zinc deposits in Kazakhstan

Ore type Deposit P, value, U.
copper-zinc Irtyshkoe 0,53 - 3,55
Kosmurun 1,33 - 4,27

Shatyrkul 0,43 - 294

copper Sayak 0,38 - 3,17
Zhaman-Aibat 0,56 - 3,28

Zhezkazgan 0,41 - 2,09

Such range of hesitation of Pcy analytical parameters of separate pieces suggests good potential use
of X-ray radiometric separation as a separation method for the bulk of copper and copper-zinc deposits in
Kazakhstan. However, it is worth noting that if the copper-zinc ore of the Irtysh deposit in its composition
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has pieces with a sufficiently low Pcy values (about 0.5-0.6 units.), which suggests the presence of a
significant number of pieces of waste rock and pieces with low content of copper in the ore, then the
copper-zinc ore of the Kosmurun deposit contains pieces with Py value not less than 1.3 units, indicating
a virtual absence of fragments of waste material and pieces with low content of copper. Therefore, the
copper-zinc ore of the Irtysh deposit can separate into a disposal area a significant amount of separation
tailings with a low content of copper, while the use of the X-ray radiometric separation to enrich the
copper-zinc ore of the Kosmurun deposits is problematic due to the probably low yield of separation tails.

Obviously, for enrichment it is enough the rich copper ore deposits such as Shatyrkul, Sayak and
Zhaman-Aibat with a wide range of Pcy values and a large number of pieces with small values of
analytical parameter (Pcy from 0.4 to 0.6 units) the X-ray radiometric method of separation can be quite
effective, ie, It will provide a significant amount of tailings and enriched product with a high copper
content.

The values of analytical parameter of of copper ore pieces of the Zhezkazgan deposit (PCU varies
from 0.41 to 2.09 units) suggest the possibility of obtaining a sufficiently high number of tailings with a
low content of copper, as well as the allocation of the enriched product of not very high quality.

Table 4 presents the results of pilot tests on the enrichment of copper and copper-zinc ores of some
deposits of "Kazakhmys Corporation".

Table 4 — Summary results of pilot tests

Deposit Separation product Output, Content, % Extraction, %
% Cu Zn Cu Zn
Enriched product 74,1 2,05 3,18 95,5 97,5
Irtyshkoe Separation tails 25,9 0,28 0,24 4,5 2.5
Initial ore 100,0 1,59 2,42 100,0 100,0
Enriched product 72,0 1,90 - 95,7 -
Shatyrkul Separation tails 28,0 0,22 - 4,3 -
Initial ore 100,0 1,43 - 100,0 -
Enriched product 63,2 3,08 - 95,9 -
Sayak Separation tails 36,8 0,23 - 4,1 -
Initial ore 100,0 2,03 - 100,0 -
Enriched product 73,7 1,94 - 96,5 -
Zhaman-Aibat Separation tails 26,2 0,20 - 3,5 -
Initial ore 100,0 1,48 - 100,0 -
Enriched product 68,0 0,78 - 91,7 -
Zhezkazgan Separation tails 32,0 0,15 - 8,3 -
Initial ore 100,0 0,57 - 100,0 -

In our opinion, the copper-zinc ore of the Irtyshskoe deposit and copper ore of the Shatyrkul, Sayak,
Zhaman-Aibat and Zhezkazgan deposits can be recommended for their enrichment at the raw ore
preparation stage by the X-ray radiometric separation. The ores of these deposits have good contrast and
raw material prerequisites for their enrichment in a lump state. X-ray radiometric separation method of
separation allows to obtain tailings containing major components of (Cu and Zn) below the cut-off grade.

On the basis of pilot tests for the enrichment of copper-zinc and copper ores of "Kazakhmys
Corporation" deposits with the use of the X-ray radiometric separation method for the development of
technological procedures and design of construction of the ore sorting systems we recommend the
essential technological pre-enrichment scheme at the stage of ore preparation of mineral raw materials
(Fig. 5).

For copper and copper-zinc ore of each individual deposit at stage of the implementation of
technological regulations there will be the choice of equipment, determination iof ts quantity, also carring
out a preliminary assessment of capital and operating costs.
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Figure 5 - the essential technological enrichment scheme
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KA3AKCTAHHBIH MbIC )KOHE MbIC-MbIPBIIITBHI KEHAEPIH
PEHTTEHOPATUOMETPUAJIBIK BAUBITY

AnHotaumsi. Ka3akcTaHza MbIC JKOHE MBIC-MBIPBIIUTH KCHACPAIH Camlachl JKbULNAH-KBUIFA TOMEHJIEH Keleli.
PeHTreHOpaIOMETPHSIIBIK CeMapalisHbl KOJNJaHy MakcaTblHAa Ka3akCTaHHBIH MBIC )KOHE MBIC-MBIPBILITHI KCHACPIH ajlJblH-
ana GaifbITy YIIiH 9p - TYPJi KEHOPBIHIAPBIHAA 3ePTTEYIIEp, TECTIICY JKOHE TOXKIPHUOS-0HIIPICTIK ChIHAKTAP KYPri3uimi. AJIbIH-
ana 3epTreyJiep KesiHJe aHOIThIH PEHTIeHIIK TpyOKachl THIMI MaTepuai PeTiH/Ae TaHIAJIbIHbII aJlbIH/bI, MBICTBIH-MBIPBIIITHIH,
TEeMIpIiH JKOHE INANIBIPBIFAaH PEHITCH COYJICCIHIH CHITATTaMachl JKOHE IIeKapachl aHBIKTAJABL, MBICTHIH FaHA OEJICEHTINIriH
AHBIKTAWTBIH COyJie, COHBIMEH KaTap P; (0eiy anrpopuTMi) — aHaTUTHKAIBIK THIMII TapaMeTp aHBIKTaJIbL.

MbIC XK9HE MBIC-MBIPBILITEl KEHAEPiH OalbITy ChIHAKTAphl OOWBIHIINA TECTLICY IKOHE TKIpUOe-eHIIPICTIK JKyMbICTap
Kazakcrannsly op-Typini keH opbiHmapeiHaa eHuipictik CP®2-300 PeHTreHOpagnoMeTpUsUIBIK CemapaTopbIHIa KYPTi3iimi.
Mateipkyn, Cask, XXaman-Aiibar xoHe JKe3KkasraH MBIC KEH OpPBIHAAPHI KoHE EpTic MBIC-MBIPBIII KE€H OpPHBI IIHUKI3aTTHl KEH
eHJIeyre AaiblHAayna PeHTreHOpaAHOMETPUSIIbIK CEeNapaTopiblK TOCUIMEH OalbIThUIyFa OONATBIHIBIFBI AHBIKTANABL ATaJFaH
KEH OpBIHJAPBIHBIH KEHJepl KaKChl IIHMKi3aT KOPBIMEH OaWBITHUIFAH, ONApAbl OaifbITy YINIH BIHFAMIBI ipi Kecek Typre.
PeHTreHOpaiMOMETPISIIBIK cemapalys Tocial  Herisri KyHzael koMmmoHeHT (Cu skoHe Zn) OOPTTHIK KypaMbIHaH TOMEH
cenapLHsHbIH KaJABIKTApbIH allyFa MYMKIHIIK Oepesi. TeXHONOrHsIIbIK PEeriIaMeHTTi jKacay YILiH jKOHE KeH ipiKTey KeuleHiHiH
KYPBUIBICHIH jK00alay/ja aji/blH-ajia OaibITy IbIH IPUHIMOTI TEXHOJIOTHSUIBIK CXEMAChI JKaca bl

TyiiiH ce3aep: MbIC )OHE MBIC-MBIPBILITHI KEH, PEHTTCHOPAIHOMETPHSIIBIK Celapalus, ajiblH-ana OalbITy, CHIIaTTaIFaH
PEHTIeHIK CAyJIe, CIEKTpIIap, aHAJIUTUKAJIBIK MapameTp.
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PEHTTEHOPAJUOMETPUYECKOE OBOI'AIIEHUE MEJITHBIX
N MEJHO-ITMHKOBBIX PYJI KASAXCTAHA

AHHoTanus. KadecTBO METHBIX M MEIHO-IMHKOBBIX pyJ Kasaxcrama ¢ KaxasIM rogom yxyzmaercs. C Ienbio OIEHKH
HNPUHIUNUAIGHOW BO3MOXXHOCTH IPHMEHEHHS PEHTI€HOPAAMOMETPUYECKON Cenapaluy Ul NPeABapUTEIbHOr0 00OTralleHus
MEIHBIX W MeJHO-IMHKOBBIX pyx Kasaxcrana ObUIM NpPOBEAEHBI HCCIIEIOBAaHMS, TECTOBBIE W  OIBITHO-NPOMBIILICHHBIS
UCTIBITAHHUS Ha Mp00ax pa3IMYHBIX MecTopoxieHui. Ha cragum mpemBapuTenbHBIX HCCIEIOBAaHUH OBLT BHIOpAaH ONTHMAaIbHBIN
MaTepHal aHOAa PEHTTEHOBCKOM TPyOKH, ONpeeNeHbl TPAHULBl U aHATUTUYIECKHE 00JIaCTH PErUCTPallui XapaKTePHUCTHIECKOTO
PEHTI€HOBCKOTO M3Iy4YEeHUs MeIOH, LUHKA, >KeJIe3a U PACCESIHHOIO DPEHTTCHOBCKOIO U3JIyYeHMs, a TaKXKe YCTaHOBJIEH
ONTUMAJIBHBIA aHATUTHUECKUN TapaMeTp P; (anroputMa pa3aeneHus), YIUTHBAIOIINA 3HAYeHH HHTEHCUBHOCTEH TOIBKO MEIH U
paccesHHOTO M3ITy4eHUs

TecToBble M OIBITHO-IPOMBIIUICHHBIE HCIBITAHUSI 110 OOOTAllleHHI0 MEIHBIX M MEIHO-IMHKOBBIX Py pa3jIMYHbIX
MecTopoxneHnid Kazaxcrana mpoBOAWIM Ha MPOMBIIUIEHHOM pPEHTreHopaanoMmerpudeckoM cemapatope CP®2-300. Bruto
YCTaHOBJIEHO, YTO MEJHO-IIMHKOBas pynaa MectopoxiaeHus Mprteimickoe u meaHas pyaa mectopoxkaeHuit Hlateipkyns, Cask,
JKaman-AiiGat u JKe3kasraH MOryT ObITh PEKOMEHIOBAHBI JUIsl UX OOOTAICHUS HAa CTaJU{ PYAONOJTOTOBKH CHIPbS METOIOM
PEHTTEHOPAINOMETPUIECKOHl cemapanuy. Pyapl JaHHBIX MECTOPOXKICHHH KOHTPACTHBI M OOMaJalOT XOPOIIMMH CBHIPbEBBIMU
HPEINOChUIKAMM U MX O0O0OTalleHHs B KPYIHOKYCKOBOM COCTOSHHMH. METOJ PEHTIeHOPaJAnOMETPUYECKOl cenapauu
MO3BOJISIET IOJYYUTh XBOCTBI CEIapaliy C COJEp)KaHHWEeM OCHOBHBIX IEHHBIX KomroHeHToB (Cu u Zn) Huxe OOpTOBOTrO
comepxaHusa. [ pa3paOOTKM TEXHOJOTMYECKHX DETIaMEHTOB U IPOEKTHPOBAHHUS CTPOHUTEIBCTBA PYIOCOPTHPOBOUHBIX
KOMILIEKCOB pa3paboTaHa MPUHIMIHAIbHAS TEXHOIOTHYECKas CXeMa MPeIBapUTEIbHOTO 00O0TalleHH s

KiroueBble cjl0Ba: MEIHO-LIMHKOBass M MeJHas pyla, PEHITCHOpaJuOMETpHuecKas cemapauus, IpeaBapUTebHOe
oboraleHue, XapakKTepUCTHIECKOe PEHTTCHOBCKOE M3TyUeHHUE, CIIEKTPHI, aHATATHIECKUH TapaMeTp.
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