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STATUS AND PROSPECTS OF METALLURGICAL PROCESSING
OF ELECTRONIC WASTE IN KAZAKHSTAN

This article provides an overview of the current state of the problem of processing
electronic waste in order to extract metals and other valuable components. Electronic
waste is a source of potential danger to the environment, but at the same time a
valuable raw material containing non-ferrous and ferrous metals. The content of
some non-ferrous metals in electronic waste may exceed their content in mineral raw
materials by several times. So, the content of printed circuit boards (PCBs) can reach
up to 30 % of the weight of printed circuit boards, and tin up to 2—4 %. In addition,
a ton of used smartphones can contain up to 30 grams of gold. It is also known that
during the processing of secondary raw materials, the costs of obtaining metals are
many times lower compared to the processing of mineral raw materials. Despite this,
worldwide the percentage of recycling of electronic waste does not exceed 10 %. This

fact requires a revision of traditional a PCBs to the processing of electronic waste
and the formation of new, less costly and more environmentally friendly methods
based on a review and analysis of existing a PCBs. To this end, the article considers
examples of modern methods tested in laboratory conditions and already existing
commercial technological solutions in the field of processing. Based on the review of
world experience, conclusions were drawn about the current state of the world and
the prospects for recycling electronic waste in Kazakhstan.

Keywords: electronic waste, recycling, hydrometallurgy, pyrometallurgy.

Introduction

The continuously growing consumption of electronic household a PCBs and gadgets
until 2020 has led to an increase in the generation of electronic waste at the global level.
Thus, studies conducted in 2017 assumed an annual growth rate of electronic waste
generation of 3—4 % [1]. However, by 2019, the estimated growth in the generation
of electronic waste has increased to 5—6 % [2]. In total, by the end of 2019, about
53.6 million tons of e-waste had been generated. The distribution of electronic waste
by type in 2019 is shown in Figure 1. The COVID-19 pandemic has slightly reduced
the pace of production of electronic equipment. However, such segments of the market
as the production and sale of smartphones were practically not affected by the crisis.
In 2016, the production of smartphones amounted to 3.7 million units. In 2021 — 6.26
million units. In 2022, the projected number of smartphone production is 6.56 million
units, and by 2027, 7.69 million units.

The composition of electronic waste includes various materials: non-ferrous and
ferrous metals, and non-metals. Many of the materials are toxic. Therefore, of particular
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concern is the fact that worldwide, only 10 % of the waste generated is recycled [2]. Most
of the waste that ends up in landfills harms the environment. As a result, a significant
amount of metals falls out of circulation, creating economic risks associated with a
shortage of materials necessary for the production of electronics.
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Types of electronic wastes
Figure 1 — Distribution of electronic waste by type
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1 — small equipment, 2 — large equipment,
3 — heat exchangers, 4 — screens and monitors,
5 —IT equipment, 6 — lamps [2]

Research methodology and methods

The low percentage of electronic waste recycling is associated with the difficulty
of separating closely integrated materials and the impossibility of a PCBs traditional
recycling schemes to them [3]. The amount of electronic scrap generated in Kazakhstan
reaches 136 thousand tons per year. And only a small part of this amount is recycled.
So in 2018, only 4561 tons were processed [4]. Of particular value for recycling are
electronic waste, represented by electronic gadgets, computer and other IT equipment
containing a large amount of noble and precious metals. Precious metals are used in the
manufacture of contacts, and parts of electronic components of gadgets and computers.
So, one ton of printed circuit boards of used smartphones can contain up to 350 g of
gold [5]. In addition, 30 % percent of the weight of printed circuit boards is co PCBs.
The average composition of PCBs of computer equipment and gadgets is presented in
Table 1 [6].

Table 1 — Average concentration of metals in PCB (wt.%)
Cu Fe Al Sn Ni Zn Pb Ag
31,2 2,4 4,12 2,1 0,2 2,3 0,73 0,01
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It should be noted that electronic waste exceeds mineral raw materials in terms of
the content of valuable elements. This circumstance makes the recycling of electronic
waste attractive from an economic point of view. Below are examples of modern methods
tested in laboratory conditions and already existing commercial technological solutions
in the field of processing. An analysis of the a PCBs technological solutions in this
area will allow us to identify the best methods from the point of view of environmental
friendliness and economics.

Results and discussion

A typical processing scheme for a computer system unit is shown in Figure 2,
where at the first stage the case is separated from the printed circuit board, and then
the electronic components are separated from the printed circuit board. The same
recycling principle a PCBs to smartphones. The case, as a rule, contains ferrous metals
and plastic. For the processing of printed circuit boards after their pre-treatment, pyro
and hydrometallurgical methods are used.

Figure 2 — Scheme of processing computer system blocks

Today, pyrometallurgy has evolved into a simple, promising and efficient e-waste
recycling method, mainly used to extract non-ferrous metals such as co PCBs and
precious metals [7]. Despite its widespread use, pyrometallurgical methods have a
number of disadvantages. Disadvantages include an inability to recover iron, aluminium,
organics and glass components, high energy consumption, release of toxic by-products
such as dioxins and halogen compounds, and its primary use for processing only high
quality printed circuit boards containing high concentrations of gold. The essence of
recycling lies in the melting of the crushed mass of printed circuit boards. The resulting
material is drained in the form of a cone to separate the heaviest metals. Modern
commercial technologies offered on the free market by some companies are based on
this principle. A typical processing scheme is shown in Figure 3.
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Figure 3 — A typical scheme for the processing of electronic equipment,
offered on the market [§]

In a number of works, alternative pyrometallurgical methods of processing have
been considered. The authors carried out high-temperature processing of printed circuit
boards at a temperature of 900 °C to obtain metal microparticles [9]. The release
characteristics of gold and silver were studied by heat treatment of incinerated waste
PCB in a chlorine gas flow at a temperature of 1000 °C [10].

Hydrometallurgical methods involve the use of various acids to bring valuable
components into solution. Printed circuit boards are usually shredded to a size of
< 0.Imm. Various acids are used as reagents. The extracted metals from the solution
are precipitated by cementation, electrolysis, and other methods. Comparison and
characteristics of some hydrometallurgical methods are shown in Table 2.
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Table 2 — Main characteristics of hydrometallurgical methods for processing PCB

Hydrometallurgical methods compare favorably with pyrometallurgical methods
by lower energy costs. The main problem of hydrometallurgical methods is the lack
of reagent regeneration. Therefore, the question of storage and disposal of toxic waste
solutions will arise. Against this background, the method using H.SO,, CuSO, as reagents
looks the most promising, since it includes the regeneration of the reagent.

Conclusions

Thus, based on the foregoing, we can conclude that the optimal scheme for
processing electronic waste should include, at the first stage, physical methods for
separating black. Non-ferrous metals and non-metals. Ferrous metals are recycled using
traditional methods. Recycling of the non-metal part should include separation of plastic,
glass and other items for separate recycling. The extraction of non-ferrous and precious
metals must be carried out by hydrometallurgical methods with the indispensable
regeneration of reagents. This will eliminate the problem of storage and disposal of
toxic waste solutions. A promising waste recycling scheme is shown in Figure 4.

107



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2022

Figure 4 — Perspective processing schemee-waste
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KA3AKCTAH PECIIYBJIUKACBIHIAFDBI DJEKTPOHIBIK
KAJJIBIKTAPJBI KATA OHAEY JKAFIANDBI J)KOHE BOJIAIIAFBI

byn maxanaoa memanoap men 6acka 0a KyHObl KOMHOHeHmMmMepOi any YWliH
INEKMPOHObL  KANOBIKMAPObl 6HOEY MOCENeCiHIY dblMOdabl JHCAU-KYUiHe WOy
arcacanadvl. DNekmpoHObIK KALObIKMAp oaeyemmi 9KON0SUSIbIK Kayinmiy Kesi
bonvin mabwvliadsl, OIpax cCOHLIMEH bipee KypamblHOA MmyCcmi JHCoHe Kapa Memanoap
bap bazanvl wiukizam. I1eKmpoHObIK KATObIKMAapoazvl Ketioip mycmi Memanoapouly
Momuepi  onapovbly MUHEPANObIK  wuKizammazvl Meoauepinen OipHeuwie ece
arcoeapvl 6oyvl mymkin. Convimen, bacna naamanapeinwviy (PP) mazmynsr bacna
naamanapuinbly caimazvl oouvinwa 30 % Oeuin, an Kanatvl 2—4 % Oetlin sicemyi
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mymxin. Convimen Kkamap, 0ip MOHHA NANUOANAHBLI2AH CMAPMQOHHBIY KYPAMBIHOA
30 epamea Oetiin anmoin 6oayvl mymkin. CoHOali-ax, Kaumaniama wuKizammsl oyoey
Ke3zinoe Memanoapobl anyea KememiHn wvl2blHOap MUHepalobl WUKI3ammol eyoeyee
Kapaeanda Oipneute ece momeHn Oonamvinwl Oencini. Ocvlzan Kapamacmaw, OyHue
JHCY3iHOE 2IEKMPOHObL KANObIKmapowl Kaiima enoey nauvizvl 10 %-0an acnaiiowl.
byn axm snexmponovix Kandvikmapovl eyoeyoiy O0ocmypii odicmepin xauma
Kapayovl JicoHe KONOaHbICmdazbl o0icmepoi Kapacmvlpy MeH Mmanday HeeiziHoe
JHCana, a3 WvleblHObL JHCOHE IKOJOSUSIBIK MA3A 90icmepoi Karblnmacmuipyobl maian
emedi. Ocvl MaKcamma MaKaiadd 3epmxXananbli Hca20aunapoa ColHai2an 3amManayu
90icmepOiy MbICAIOAPbl JHCOHE OHOEY CAIACLIHOAEbl OYPLIHHAH Oap KOMMEPYUSIBIK
MEXHONO2USIBIK Weimoep Kapacmulpuliaobl. OneMOIK modcipuberi wiony Heeizinoe
aneMHiy Kazipei acazoauvl dcone Kazaxcmanoasvl 31eKmpoHObIK KATOLIKMAPObl
Kodeze Hcapamy nepenekmusanapvl mypaivl KOpblmblHObLIAP HCACATODL.

Kinmmi ce30ep: snexmponovl Kaiovikmap, xauma eyoey, euopoMemaiiypeus,
NUPOMEMALTYPUSL.

*H. B. Oneitnukoga

Cubupckuii penepanbHbI yHUBEPCHUTET,
Poccniickas @enepanus, r. KpacHospck
Marepuan noctynuia B pegakuuio 16.09.22.

COCTOSAHHUE U NEPCIIEKTUBBI IIEPEPABOTKH 2JIEKTPOHHbBIX
OTXO0J0B B PECIIYBJIMKE KA3AXCTAH

B oannoii cmamve npedcmaenen 0030p co8pemMeHHO20 COCMOSHUSL NPOOAeMbl
nepepabomKy  INEKMPOHHBIX OMX0008 C UYEIbl0 U3GTeHEHUs Memauiog U Opyeux
YEHHbIX KOMHOHEHMOS. JNeKMPOHHblE OMX00bl NpeOCmAGIAom coOoll UCHOYHUK
NOMEHYUATLHOU OnACHOCMU Ol OKpYcaiowell cpedbvl, HO 8 MO Jice 8PeMs YeHHOe
cvipbe, codepacaujee ysemuvle U uepHvie memannvl. Cooepiicanue HEKOMOPLIX
YBEMHBIX MEMALIOB 8 INEKMPOHHBIX OMX00AX MOJHCEM 8 HECKOTLKO PA3 NPeGbluamb Ux
cooepaicanue 8 MuHeparbHoM cuipbe. Tak, codepoicarue nedamuvix naam (I111) moscem
docmueams 0o 30 % om maccel newamuvix niam, a onoeéa 00 2—4 %. Kpome moeo,
MOHHA OBIGUIUX 8 YROmMPeONeHUU CMapmPOH08 Modxcem codepoicamb 00 30 epammos
3010ma. M3eecmno maxaice, 4mo npu nepepadomxe GMopuUIHO20 Colpbsi 3AMpamol Ha
NOJIyYeHUe Memaios 60 MHO20 pa3 HUdiCe HO CPAGHEHUIO C NEPEPAOOMKOU MUHEPATLHO2O
cvipbsi. Hecmompst na amo, 80 6cem mupe npoyenm ymunu3ayuu 31eKmpoHHbIX OmMX0008
He npesviiaem 10 %. Dmom paxm mpebdyem nepecmompa mpaduyuonnwix 11X]]
6 CHOPOHY NepepadoOmKu NEKMPOHHBIX OMX0008 U (POPMUPOBAHUS HOBbIX, MeHee
3ampammuvix U 601ee IKOA0SUUECKU YUCBIX MEMO008 HA OCHO8e 0030pa U aHanu3a
cywecmeyrowux T1X/]. C amoii yenvio 8 cmamve paccmompeHvl NpUMepbl CO8PEMEHHBIX
MEmo0o0s, anpoOUpOBAHHLIX 8 1ADOPAMOPHBIX YCAOBUSX, U Ydice CYecmeaylouue
KOMMepHecKue mexHonocudeckue peuterus 6 oonacmu nepepabomxu. Ha ocrose 0630pa
MUPOBO2O ONBIMA COENAHBI 8bIBOObL O COBPEMEHHOM COCMOSHUL MUPA U NEPCNEKMUBAX
VIMUIU3AYUU S1eKMPOHHBIX 0MX00086 8 Kazaxcmare.

Knouesvie cnosa: anexmpounvie omxoovl, PeyuriuHe, 2UOPOMemaitypeus,
NUPOMEMATLTYPSUSL.
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