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ASSESSMENT OF QUALITATIVE AND QUANTITATIVE ELEMENTAL
COMPOSITION OF WASTE IN THE TERRITORY OF SLUDGE COLLECTOR
OF PAVLODAR ALUMINIUM PLANT

Abstract. During the operation of metallurgical plants, a large amount of waste is generated.
Pavlodar aluminium plant has three sludge collectors, two of which have already been taken out of
service due to filling. A large amount of bauxite sludge containing many valuable elements such as
aluminium, copper, iron, manganese, chromium, and titanium is stored in these sludge collectors. For
their utilization and prediction of the distribution of the concentrations of elements, it is required to
make a qualitative and quantitative assessment of the composition of the waste. For this purpose, on the
territory of the third (exploited) sludge collector samples were taken, indicating the coordinates of the
sampling site on the map. The samples were analyzed on a BRA-18 X-ray fluorescence analyser. The
concentration of elements was estimated using the artificial neural network (ANN). A separate neural
network was created for all analyzed elements. The Levenberg-Marquardt algorithm was used for
training. Based on the results of the ANN tests, graphs of the concentration of aluminium and copper
were plotted depending on the place of sampling. As a result of the experiments, it was noted that the
true concentrations of the analyzed samples for aluminium and copper are in good agreement with the
predicted concentrations for these elements.

Key words: industrial waste, utilization, artificial neural network.

Introduction. Pavlodar region, which is essentially a diversified industrial complex where electricity,
alumina, aluminium are produced, oil refining, mechanical engineering, ferrous metallurgy, food industry,
production of building materials, and pharmaceuticals are developed, is one of the most industrialized regions
of Kazakhstan. The presence of a large number of industrial enterprises also implies a great burden on the local
ecology. One of these enterprises is the Pavlodar Aluminium Plant (PAP) - the only Kazakhstani enterprise
that is a producer of alumina. According to the sanitary classification, the production of alumina (aluminium
oxide) belongs to the hazard class I [1]. In the production of alumina, one of the large-tonnage wastes is dump
bauxite sludge, which is sent through pipelines to sludge collectors. The volume of accumulated sludge in the
sludge collector No. 1 is 52 million tons, in the sludge collector No. 2 - 42 million tons. (Both were taken out
of service, at present the sludge collector No. 3 is in operation) [2].

Many chemical elements from sludge collectors, due to their increased migration ability, penetrate into
groundwater, polluting them. Heavy metals penetrate into plants in the surrounding areas, and through the
food chain enter the body of animals and humans, leading to various diseases. For example, copper belongs to
the group of highly toxic metals that can cause acute poisoning in humans and animals, and also have a wide
range of toxic effects with a wide variety of clinical manifestations [3].

From 01.07.2021 a new Environmental Code is being introduced in Kazakhstan [4]. The Code is
aimed at reducing emissions from industrial enterprises into the atmosphere and discharges to water
and soil. One of the key principles of this Code is that “the polluter pays, or the polluter pays and fixes”.
Also, the Code provides for a waste hierarchy, which is aimed at reducing the generation of waste, and
the generated waste must be reused, recycled, disposed of and only then disposed of at landfills.
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In this work, the elemental composition of samples from waste stocks on the territory of sludge
accumulator No. 3 of PAZ has been studied with the aim of their further recycling.

Experiments. Figure 1 shows a map showing the points of sampling from the territory of the storage lake
(the other part during sampling was under slime water with a depth of 0.5-1.5 m). The dots in Figure 1 mark
the sampling sites (test sites). The coordinates of the points on the sampling site are taken relative to the point
(0, 0), located at the intersection of two mutually perpendicular segments, denoting two orthogonal axes: x
and y. The sludge pond is approximately 750 m long (x-axis) and about 740 m wide (y-axis).

Sampling points are usually staggered on rectangular or square areas, but if the area is very large, sampling
along one or both diagonals is used [5-8].

Due to the heterogeneity of the relief of the territory, the test plots were located according to the relief
elements, and since the shape of the sludge pond was almost oval, we decided to arrange the points for
sampling point samples, as shown in Figure 1.

Spot samples were taken from one layer at a depth of 5-20 cm, weighing 200-250 g using the envelope
method. In this case, the samples are similar to each other and make it possible to more objectively assess the
content of chemicals in them.

A total of 125 samples of waste sludge were taken from the sludge pond. Every 5 spot samples from one
sample area were mixed in a glass jar, resulting in 25 pooled samples.

Elemental analysis of the samples was carried out on a BRA-18 X-ray fluorescence analyzer (Russia,
2006). The energy dispersive X-ray analyzer with a semiconductor detector BRA-18 is designed for X-ray
spectral analysis of chemical elements of solid, liquid and powder samples from sodium (Z = 11) to uranium
(Z=92). A

v

X
Figure 1 - Plan of the sludge tank with indication of sampling points

The action of the BRA-18 analyser is based on the excitation of the atoms of the sample of the investigated
substance by the radiation of an X-ray tube, which causes their fluorescence.

This radiation from the sample enters the semiconductor detector, where quanta of different energies are
converted into electrical pulses, the amplitude of which is proportional to the energy of the absorbed quanta.
The analyser uses a silicon detector. Using an analog-to-digital converter, a sequence of electrical pulses is
converted into a spectrum reflecting the energy spectrum of fluorescent radiation from the sample [9-11].

The analyser is a stationary device. The instrument was controlled, the spectrum was processed, and the
content of the elements was calculated using a PC. The results of the analysis of the elemental composition
of the aluminium plant wastes were discussed by us in [12].

To determine the concentration of elements in the sludge collector, depending on the coordinates of
the places of the selected samples of the combined samples and to predict the distribution of elements on
the territory of the sludge collector, we built an artificial neural network (ANN). The block diagram of the
architecture of the constructed artificial neural network is shown in Figure 2.
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Figure 2 - Block diagram of the architecture of an artificial neural network

Input data for the neural network can be represented as vectors X, X, X, ... X , dimension X*1. The
matrix of weighting coefficients W has the dimension SxX, where S is the number of neurons in the hidden
layer of the neural network, and X, respectively, is the dimension of the input data vector. The constant bias,
when added to the weight vector, is fed to the input of the activation function.

To build a neural network, you need to select its parameters. Most often, the choice of values for weights
and thresholds requires training, i.e. stepwise changes in weight coefficients and threshold levels [13, 14].

For all analyzed elements, a separate neural network was created, in which the architecture of the network
itself was the same for all elements, only the input data in the training set were different.

For the study, we used the Levenberg — Marquardt algorithm [15], it usually requires a little more memory,
but the execution takes less time. If the result stops improving (the mean square error of the sample increases),
then the training stops automatically.

Results and discussion. The test results for Al and Cu are shown in Tables 1 and 2.

Table 1 - Research results using ANN for aluminium

Input data Actual value Result

X v Concentration Predicted value | Absolute error Relative error Grade
182 126 1,29 1,24 0,05 2,94 Good
176 198 1,01 0,98 0,03 3,39 Good
176 274 1,31 1,33 0,02 1,78 Good
245 427 1,23 1,31 0,08 6,41 Good
297 489 1,26 1,19 0,07 5,73 Good
338 514 1,87 1,90 0,03 1,69 Good
389 534 1,21 1,53 0,32 20,61 Bad
444 525 1,40 1,32 0,08 6,14 Good
523 524 0,65 0,58 0,07 12,48 Bad
618 543 1,10 1,04 0,06 527 Good
472 476 1,14 1,07 0,07 6,58 Good
365 475 1,21 1,15 0,06 4,95 Good
334 369 1,10 1,08 0,02 1,82 Good
431 411 1,11 1,12 0,01 0,94 Good
561 427 1,23 1,27 0,04 2,83 Good
527 374 1,67 1,72 0,05 2,90 Good
590 355 1,40 1,31 0,09 6,94 Good
486 305 0,67 0,61 0,06 10,60 Bad
402 315 1,10 1,02 0,08 7,30 Good
300 285 1,14 1,06 0,08 7,60 Good
318 207 1,23 1,15 0,08 6,79 Good
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391 218 1,10 1,07 0,03 2,76 Good
418 141 1,10 1,12 0,02 1,82 Good
339 136 1,21 1,24 0,03 2,05 Good
291 116 1,65 1,71 0,06 3,47 Good

Table 2 - Results of the study using ANN for copper

Input data Actual value Result

X v Concentration Predicted value Absolute error | Relative error Grade
182 | 126 16,36 16,02 0,34 2,10 Good
176 198 15,68 15,13 0,55 3,52 Good
176 274 18,53 18,15 0,38 2,04 Good
245 | 427 15,71 15,22 0,49 3,13 Good
297 | 489 17,17 17,41 0,26 1,52 Good
338 | 514 15,58 15,88 0,30 1,95 Good
389 534 16,00 16,45 0,45 2,81 Good
444 | 525 15,72 15,96 0,24 1,50 Good
523 | 524 15,81 15,99 0,18 1,12 Good
618 | 543 15,81 16,20 0,39 2,47 Good
472 | 476 15,28 15,76 0,48 3,13 Good
365 | 475 18,60 18,86 0,26 1,38 Good
334 | 369 17,83 17,94 0,11 0,62 Good
431 411 17,88 17,98 0,10 0,54 Good
561 | 427 15,75 15,96 0,21 1,36 Good
527 | 374 18,66 18,93 0,27 1,44 Good
590 355 17,25 17,55 0,30 1,72 Good
486 | 305 15,25 15,73 0,48 3,14 Good
402 | 315 17,64 17,96 0,32 1,83 Good
300 | 285 17,24 17,49 0,25 1,44 Good
318 | 207 18,61 18,79 0,18 0,97 Good
391 218 17,95 18,33 0,38 2,14 Good
418 141 16,75 16,97 0,22 1,33 Good
339 136 17,80 17,97 0,17 0,98 Good
291 116 16,70 16,94 0,24 1,47 Good

Using the obtained results of ANN analyses, we plotted the graphs of the dependence of the concentration
of aluminium and copper on the points of coordinates of the selected samples (Figure 1). The dependences of
the concentration of aluminum and copper on the coordinates of the selected samples are shown in Figure 3.
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Analysing the graphs, you can see that the true concentrations of the analysed samples for aluminium and
copper are in good agreement with the predicted concentrations for these elements.

Figure 4 shows the results of the distribution of the chemical element aluminium, obtained using an
artificial neural network.
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Figure 4 - Electronic map of aluminium distribution according to ANN
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The results of the distribution of the chemical element copper using the developed ANN are shown
in Figure 5.

Cu concentration (%)

Figure 5 - Electronic map of copper distribution according to ANN.
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The distribution is represented using element concentration and corresponding coordinates. In the
above electronic maps, the distribution of chemical elements obtained using the developed neural
network shows that the greater the concentration of an element at a specified point, the more red it has
on the map; the lower the concentration of an element, the more blue it has on the map. As can be seen
from Figures 4 and 5, the neural network shows high accuracy on all three data samples obtained by
splitting samples taken at different points of the sludge pond.

The results obtained are successfully applied in the recycling of production wastes at the Pavlodar
aluminium plant.

Conclusion. Thus, as a result of the studies carried out, it was found that the use of the developed ANN for
predicting the distribution of the concentrations of chemical elements in the body of the PAZ sludge collector
gives reliable results and it is recommended to use it for a qualitative and quantitative assessment of the
composition of bauxite sludge. Work on utilization and prediction of the distribution of element concentrations
should be continued, as it is important for Pavlodar and Pavlodar region as a whole.
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MABJIOJAP ATIOMUHUM 3AYBITHI IIIVIAM )KUHAKTAYBIIIIBIHBIH,
AYMATBIHIATBI KAJIABIKTAPIBIH CAITAJIBIK )KOHE CAH/JBIK
IJIEMEHTTIK K¥YPAMBIH BAFAJIAY

AHHOTaUMs. MeTayuTyprust OHAIpici )KYMBIC ICTETeH Ke3/1¢ KAJIIBIKTap IbIH KOTI MOJIIIEpi maiina 60mambl.
[TaBmomap amOMHHMNA 3ayBITBIHIA YII IIIaM >KHHAKTAYBIII Oap, OJapIblH €Keyl TONTHIpyFa OaiIaHBICTHI
naiaanaHyaH MbIFapbULIBL. byl utaM )KHHAKTaybIIITapAa aTFOMAHUH, MBIC, TEMIp, MapraHel], XpoM, TUTaH
CUSIKTBI KOTITETCH KYH/IBI SJIEeMEHTTep Oap OOKCUT IUTAMBIHBIH YIIKSH KeieMi cakTanFaH. Oap/bl KOk )KoHe
AJIEMEHTTEP KOHIICHTPAIMACHIHBIH TapalyblH 00JDKAy YIIIH KaIBIKTap/IbIH KYPaMbIH Callalibl )XOHE CaH]IbIK
Oaranay kaxkeT. Ocbl MaKcaTTa YUIiHINI (MaialaHbLIaThIH) [UIAM JKMHAKTAYBIIITHIH ayMarblH/Ia KapTaja
YIITiIepai ipiKTey OpHBIHBIH KOOPAMHATTAPHI KOPCETIIE OTHIPHII, CIHAMAJIAPABI ipiKTeY XKYPri3iiai. Y arinepi
tangay BPA-18 peHTreH-¢uryopeceHTTI aHalIu3aTOpBIHAA JKYPri3iimi. DIeMEHTTepAiH IIOFBIPIaHybIH
Oarasay >kacaH bl HelpoH IbIK skeni (ZKHK) kemerimeH xy3ere achlpbliaibl. bapibIk TangaHFaH 3J€MEHTTED
YIIIiH JKeKe HeUPOHIBIK kel Kypbuiabl. OKbITy yiriH JleBenOepr-Mapksapar anroputmi Koiaanbuiast. JKHXK
TaJay apblHBIH HOTHIKENEpi HeTi3iHAe ChIHaMallap/bl ipikTey OpHbIHA OaiaHBICTHI aTFOMUHHH MEH MBIC
IIOFBIPJIaHYBIHBIH Ipaduri cajabiHabl. XKypri3iireH SKCIepUMEHTTEP/IIH HOTHKECIH/IE TaIaHFaH YITICpAiH
QTIOMHUHUH MEH MBICTBIH HaKTHI MOFBIPIAHYBI OCHI JIEMEHTTEP YIIiH OOIKaMIIbI IMOFRIPIAHYBIMEH KaKChHI
CoMKec KeJIeTiHI aram eTUIIl.

Tyiiinai ce3nep: OHEPKICINTIK KANIBIKTAP, KaliTa OHJIeY, )KacaH bl HEUPOHIBIK JKElTi.
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OIEHKA KAYECTBEHHOI'O 1 KOJIMYECTBEHHOI'O JIEMEHTHOI'O
COCTABA OTXO40B HA TEPPUTOPUHN INITAMOHAKOIIUTEJIA ITABJIOJAPCKOI'O
AJIIOMUHHUEBOI'O 3ABOJA

Annoranus. [Ipu pabote MeTaIUTyprauecKuX MPOU3BOACTB 00pazyercsi OONBIIOE KOINIECTBO OTXOJIOB.
[TaBnomapckuii amOMUHHEBBIH 3aBON pacriojlaraeT TPeMs MNUIAMOHAKOIMTENSMH, JBa W3 KOTOPBIX YXKe
BBIBE/ICHBI M3 DKCIUTyaTalliH B CBSI3W C 3allOJTHEHHEM. B 3THX IIIAMOHAKONHTENSIX CKIATUPOBAH OOIBIION
00beM OOKCHTOBOTO IIJTaMa, COAEPIKAIIII HEMAaJIO IIEHHBIX JIEMEHTOB, TAKUX KaK aTFOMUHHM, MEIIb, )KEIe30,
Maprasell, XpoM, TUTaH. {71 UX yTUIH3alyy U TPOTrHO3UPOBAHMS paclpeie]IeHns KOHIICHTPAIIHiA JIEMEHTOB
TpeOyeTcssi MPOM3BECTH KAaYeCTBEHHYIO M KOJMYECTBEHHYIO OIEHKY cocTaBa OTXomoB. C 3Toil menpio Ha
TEPPUTOPHUH TPETHETO (PKCIUTYaTHPyEeMOT0) MIIAMOHAKOTUTEINS TPOU3BEACH OTOOp Mpod ¢ yKazaHHEM Ha
KapTe KOOPIWHAT MecTa 0TOOpa o0pa3ioB. AHAIN3 00pPAa3IOB BBIMOIHICS Ha PEHTTEHO(ITYOpECIICHTHOM
ananmm3atope BPA-18. Omenka KOHIICHTpallMM 3JEMEHTOB TIPOW3BENECHA C TIOMOIBIO pa3padOTaHHOM
nckycctBeHHO Hehipornoit cetu (MHC). Jlms Bcex aHaMM3UPyeMBIX 3JEMEHTOB OBbLIa CO37aHa CBOS
OTHeNbHAs HeWpoHHas ceTh. s oOydeHums Obur mpumeHeH anroputMm JleBenOepra-Mapksapara. Ha
ocHOBe pe3ynbratoB aHanm3oB MHC Opumi mocTpoeHbl TpaguKé KOHIIEHTPAIMHA ANIOMHUHUS W MEAH B
3aBHCHMOCTH OT MecTa 0TO0opa 00pa3moB. B pesysisrare MpoOBEACHHBIX SKCIIEPIMEHTOB OBIJIO OTMEUEHO, UTO
VCTUHHBIE KOHIEHTPAIMH TTPOAHATN3NPOBAHHBIX 00pa3IoB MO AJIOMHUHHUIO U MEIN XOPOIIO COBIAJAIOT C
CIPOTHO3UPOBAaHHBIMH KOHIIEHTPAIMSIMH JIs1 ATHX 3JI€MEHTOB.

KuitoueBble c/10Ba: IPOMBIIIITICHHBIE OTXO/bI, YTHIIU3AINs, ICKyCCTBEHHAs! HEMPOHHAS CETh.
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