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HIGH LAG FOR THE «GREEN KAZAKHSTAN»
PROJECT

Abstract. Article examines key trends in implementation of the Green Kazakhstan project and the Concept for country’s transition to a green economy. It provides
overview of current situation regarding solid industrial waste management, with a focus on large industrial centers, which are the main sources of this waste. As potential
solutions for closing waste loops, recovering secondary material resources, and developing industrial waste management system, article proposes establishment of pro-
duction and technical complexes for waste processing. It also summarizes preliminary results of research conducted by Satbayev University on resource conservation and
development of new technologies for producing in-demand materials. Utilization of waste from mining and metallurgical complexes is highlighted as a means of reducing
environmental impact and ensuring efficient use of secondary raw materials.
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«KacpL Ka3aKCTaH)) )KOﬁaC])IHbIH KOFaphbl KOJIAFbI

Anjarna. Makanaga «Kaceur Kazakcran» jk00achIH iCke achIpyIbIH HETi3ri TeHACHIMSUIAPhI HKOHE MEMIICKeTIMi3/IiH OChl SKOHOMMKara Koy TyKbIpbIMAaMachl
KapacThIpbuFad. KarTbl TYPMBICTBIK KaIABIKTap/bl 0acKapy calachlHIAFbI Ka3ipri Karaai YChIHBLIFAH, OJapAblH Ke3/iepi ipi OHepKICINTIK OpTaIbIKTap/ia MIOFbIPIaHFaH.
Kaapikrap arbIHIapbIHBIH Ka0bLTybIH KAMTAMAChl3 TY/AIH MEPCHEKTHBAJIBIK IIapanaphl PeTiHAe KalTalaMa MaTepHalIIbIK PEeCypCTapibl aly, KalAbIKTap/bl Kaiita oH-
JIeyIiH OHIPICTIK-TeXHUKAIIBIK KEIICHAePiH KYpy apKbUIbl OHIIPICTIK KaJbIKTap/Ibl 0acKkapy cXeMachlH a3ipiey yChbIHbUIaabl. CaTrnaeB YHHBEPCHTETIHIH pecypcTapibl
YHEMJIEY JKOHE CYpPaHbICKA He KYPBUIbIC MaTepHaIapbIH ally/IbIH jKaHa TEXHOIOTHsIApbIH d3ipiiey OOMBIHIIA XKYPIi3reH JKyMbICTApbIHbIH aJIJIbIH ajla HOTHKeIepl JKMHAK-
Tanrad. Tay-KeH MeTalulyprusi KeHmeHIEpiHiH KaaIbIKTapblH KalTa eHey KOpPIIaFraH OpTaFa aHTPOIOIeH/IK KYKTEMEHI a3aiiTyFa jkoHe KaliTaJaMa HIMKi3aTThl YThIMIbI
naiiianaHybl KAMTaMachl3 €Tyre MyMKiHIIK Oepezi.

Tyiiinoi ce3dep: scacvin Kazaxcman, mypakmul 0amy, may-KeH MEmaiiypeus Keuiehi, oHOIpic Kai0blKmapbl, Kauma eHoey, pecypc YHemoey, Hcana MexHoI02us,
KYPbLIbLC MAMeEPUanoapbL.

Bbicokas nnanka npoekrta «3enenblii Kazaxcram»

AHHOTa[IMSl. B cratpe PacMOTPEHBI OCHOBHBIC TCHACHINH peajlu3alliy IIPOCKTa «3enenpiii Kazaxcran» u KOHHGHHHH Iepexo/ia Halero rocyrapcTsa K 3TOH KO-
Homuke. [IpuBeaeHa TeKkylas cutyauus B cepe oOpaiieHus ¢ TBEPABIMU IPOMBIIIICHHBIMH OTXOIaMH, HCTOYHUKH 00pa30BaHMUs KOTOPBIX COCPEIOTOUCHBI B KPYITHBIX
MPOMBIIUICHHBIX EHTpaX. B KauecTBe MepCHeKTUBHBIX Mep, 00eCIeUHBAOIINX 3aMbIKaHHE TOTOKOB OTXOI0B, IIOTyYE€HNE BTOPUYHBIX MaTePHAIbHBIX PECYPCOB U IIpeuia-
TarTCsA pa3BUTHE CXCMBIL 06paH_ICHI/I$l C IPOMBIINIICHHBIMH OTXOAAaMH 3a CYCT CO3AaHUsI MPOU3BOACTBECHHO-TCXHUICCKHUX KOMIICKCOB I10 nepepa60TKe OTXOO0B. HO[[B@Z[CHI)I
TIPEeABapUTEIBHBIC PE3YJIETaThI pa60T, IIPOBOAUMBIE CarrmaeB YHUBEPCUTETOM I10 pecypcoc6epe>l<eHmo u pa3pa60Tl<e HOBBIX TEXHOJIOTHH 1O TIOJIyYCHHU IO BOCTpeﬁOBaHHBIX
MarepHaioB. Y TUIN3ALUs OTXOJ0B TOPHO-METAIUTYPIrHYECKIX KOMIUICKCOB TTO3BOJISIET CHU3UTh TEXHOTCHHYIO HArpPy3Ky Ha OKPYIKAIOIIYIO CPely M 00ECIeUUTh palfo-
HaJIbHOE MCII0JIb30BaHUE BTOPUYHOTO ChIPH.

Kniouesvte cnosa: senenviti Kazaxcman, ycmouiuugoe pasgumue, 20pHO-MeMALIyPRULECKULl KOMNIEKC, OMX00bl NPOU3800CM8, nepepabomia, pecypcocoepedrcenue,

HOBASl MEXHON02Us, CMpOoumenbHble Mamepuaisl.

Introduction

«Green» does not mean the spring color of awakening na-
ture, «green» is not a reminder of the national currency of the
United States, casually called «green» by the people. Here, it
seems, everything comes together — it means young. In fact,
the «green» economy deserves other definitions, more respon-
sible and balanced in spiritual and moral terms: clean, like a
newborn child, wise, like a mature and useful scientist for so-
ciety, and finally, its main advantage is seen in the fact that it is
the most reliable friend and partner of the environment.

Maybe you will say that such miracle in the totality of all
above qualities does not exist in nature. Maybe we have real-
ly raised the bar for «Green Kazakhstan», but introduced the
National Projects of the Republic, such as «Quality and afford-
able healthcare for every citizen «Healthy Nation», «Quality
education», «Educated Nation», «Technological breakthrough
through digitalization, science and innovationy», «Strong re-
gions are the driver of the country’s developmenty, «Sustain-
able economic growth aimed at improving the well-being of
Kazakhstanis», «Green Kazakhstany», «Quality education «Ed-
ucated nation», and you will understand what these projects
represent.

«Green Kazakhstany basically raises issues of efficient use
of natural resources and improving the well-being of citizens
through diversifying economy, creating new jobs, including:
improving air quality, effective management of production
and consumption waste, increasing the area of green spac-
es, instilling careful attitudes towards nature and wildlife,
as well as modernization of ecological consciousness of the
population [1].
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The main content

By destroying the environment, modern society is destroy-
ing its own future. To ensure environmentally sustainable fu-
ture, we first need:

- monitoring the state of the natural environment;

- regulation and prevention of industrial emissions;

- development and implementation of waste-free and re-
source-saving technologies.

According to the «Green Kazakhstan» Project, the key
direction of economic development in the republic is to im-
prove management system of technogenic mineral formations
(TMF).

On the territory of the Republic, according to the State Ca-
dastre, about 30 billion tons are stored in dumps, tailings ponds
and storage tanks of mining enterprises. Industrial waste, in-
cluding: 72% — dump rocks of overburden and substandard
ores, 20% — dump tailings, 8% — other waste. With annual out-
put of industrial waste of 1 billion tons no more than 100 mil-
lion tons are usefully used. The rest pollutes the environment,
gradually accumulating in it [2].

According to the bodies of State Control and Supervision
of Natural Resources, share of waste used in the republic
is 18-20%. For example, in 2007, the percentage of waste
utilization was 16%, in 2008 — 18.98%, and in 2009 — 20%.
However, this figure in the recent past in the industry of the
former USSR was 29%. It remains extremely low compared
to world practice. In Western Europe (France, Germany, It-
aly, England) this figure is up to 58%, in North America
(USA, Canada) — up to 63%, in Japan — up to 87%, China —
up to 37% [3].
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Thus, accumulated waste is, on the one hand, the main envi-
ronmental pollutant, and on the other hand, it represents valu-
able products that are potentially suitable for processing and
reuse to produce commercial products with high added value.
The main reason for progressive accumulation of waste in the
country is the raw material orientation of our economy.

Currently, more than 22 billion tons of solid waste have
been accumulated at 450 landfills in the country (Figure 1).
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Figure 1. Main indicators of solid waste accumulated
in the Republic by 2023.
Cyper 1. 2023 kbliIbl pecny0IuKaga KaTThl KAJIBIKTAP
JKMHAKTAJIYbIHBIH Heri3ri kepcerkimrepi.
Puc. 1. OcHoBHBIE OKA3aTeJIH HAKOILUIEHHBIX TBEPABIX
0TX010B B pecnyOiauke k 2023 roxay.

Most of the technogenic mineral formations (TMF) are
in Karaganda (29,4%), East Kazakhstan (25,7%), Kostanay
(17%) and Pavlodar (14,6%) regions. Every year, the republic
generates up to 20 million m* of domestic waste, about one bil-
lion tons of industrial waste, including more than 150 million
tons of toxic waste.

Technogenic mineral formations (TMF) are accumulations
of mineral substances on the surface of the Earth or in mine
workings, formed as a result of their separation from natural
massif and storage in the form of waste from mining, process-
ing and metallurgical industries. The constant increase in the
volumes of various types of waste generated in mining and
processing industries and their storage in storage facilities and
experience of using such objects in industry allows us to con-
sider them as sources for obtaining secondary raw materials
and building materials.

Purpose of the work is to consider possibility of integrated
use of TMF in areas where mining waste is located based on
their integrated use as secondary raw materials. Integrated
use of raw materials and industrial products progress of met-
allurgical, mining and construction enterprises is pressing
problem not only in Kazakhstan, but also in any econom-
ically developed state. As practice has shown, waste from
these particular industries is produced in small quantities and

poses a serious economic threat. In these conditions, problem
of environmentally rational use of industrial waste as second-
ary raw materials and development of scientific principles in
the creation of new technological regulations for production
of marketable products from industrial household waste be-
comes particularly acute. Thus, the introduction of environ-
mentally friendly technology to produce building materials
based on waste from mining and metallurgical complex is
relevant for Kazakhstan.

To develop and implement effective environmental pro-
tection measures for waste management, it is necessary to
have reliable information about their impact on natural eco-
systems: surface, groundwater, air and land disturbance on
an industry scale with increasing production volumes. The
summarized materials will make it possible to obtain ob-
jective information about state of ecosystems in the region
under study and to outline priority environmental protection
measures, implementation of which will help reduce harmful
impact on environment.

Intensification in this direction involves use of industrial
waste instead of primary natural resources to reduce cost of
building materials Project [4, 5]. In this direction, KazNRTU
employees are conducting a large amount of research on pro-
duction of building materials based on ash and slag waste.

Purpose of the work is to consider possibility of integrated
use of TMF in areas where mining waste is located based on
their integrated use as secondary raw materials.

Job objectives:

v’ surveying of solid waste to create cadastral maps and
determine their actual volumes,

v’ sampling of solid waste to study their composition with
the participation of the customer;

v’ conducting research on solid waste in order to determine
the direction of their disposal;

v’ improvement and implementation of technologies for the
development of solid waste with complex extraction of valu-
able components.

v’ development of technology for producing effective build-
ing materials, such as: obtaining a silica component to pro-
duce portland cement; production of cinder blocks, production
of cellular concrete; obtaining decorative and facing building
materials; creation of foundations for highways.

By burning coal, thermal power plants receive thermal
energy and generate electricity. Negative side of this pro-
cess is formation of by-products of coal combustion — fly
ash and slag.

Composition of ash and slag material was determined by
quantitative ratio of its constituent minerals, which depend on
mineralogical composition of original part of fuel.

On the X-ray diffractometer DRON-3, X-ray diffraction
pattern of the CHP-3 ash was obtained, which is shown in Fig-
ure 2.

As a result of the interpretation of this X-ray diffraction
pattern, the following minerals were identified in the follow-
ing amounts, in % of the crystalline phase: hematite Fe,0; —
12.1%, quartz SiO, — 32.4%, sillimanite ALSi05 — 25.9%,
mullite Al 4587, 5 — 29.6%.

Results of chemical analysis of ashes of TPP dumps from
combustion of Ekibastuz coal are presented in Table. 1.
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Figure 2. X-ray ash CHP-3.
Cypert 2. )KI0-3 peHTreH Ky.JIi.
Puc. 2. PentrenoBckas 3oJa TIII-3.

Table 1 clearly shows that main component contained in the
ash is silicon and aluminum oxide (from 57.7 to 63.9%), there
is also a high content of iron oxide, calcium oxide in sam-
ples from the ash dump is much less than in samples from the
electrostatic precipitator. Most likely, free calcium oxide was
converted into calcium carbonate by reaction with carbon di-
oxide dissolved in water, which washes away the ash through
the slurry pipeline.

On figure 3 shows electromicroscopic image of fly ash,
from which one can see:

* that particles are spherical, vitreous and hollow, ranging
in size from 1 um to 50 um;

e that large particles contain smaller spherical particles in
their cavities (shown by arrow);

e that on the surface of large particles there are, as a rule,
tightly «gluedy tiny granular balls.

One of the main indicators of raw materials is their granu-
lometric composition.

Granulometric composition of the Ekibastuz SDPP by
fractions is distributed as follows: up to 0.5 mm — 0.14%;
0.45 mm — 2.26%; 0.25 mm — 3.6%; 0.1 mm — 25.8%;
0.09 mm — 0.84%; 0.08 mm — 12.12%; 0.06 mm — 4.5%;
0.05 mm — 21.46%; 0.045 mm — 21.38%; 0.04 mm — 7.9%. In
this case, piercing loss (LPP) is about 3% [6]. Table 2 shows
distribution of phase composition of fly ash depending on its
fractional composition.

G0MEM 3nekTpoHHoe naolpaxeHue 1

Figure 3. Microphotograph of ash fractions in
a scanning electron microscope.

Cyper 3. Kya ¢ppakuusijiapbIHbIH 3JICKTPOH/bI
MHUKPOCKONTAarbl MUKpodoTorpadusicol.
Puc. 3. Mukpodororpadus 30, 1bHbIX ppakumii
B 2JIeKTPOHHOM MHKPOCKOIIE.

Knowledge of chemical composition of ASW is necessary
condition for judging its properties and resolving issue of pos-
sibility of using it in various sectors of national economy. To
determine chemical composition of ASW, ash samples were
taken from electrostatic precipitators and ash disposal sites ac-
cording to the methodology RD 34.09.603-88 «Guidelines for
organizing control of the composition and properties of ash
and slag sold to consumers by thermal power plants». Anal-
ysis of chemical composition of Ekibastuz ash gives idea of
composition of mineral substances of coal, which is necessary
to resolve issue of possibility of using it in various sectors of
national economy. Data obtained indicate that ash and slag
wastes belong to acidic type of ash. Acid ash has unstable
chemical composition. They also do not have independent as-
tringent properties, but when hardening intensifiers are added,
they become astringent. Conducted studies confirmed produc-
tion of ash-containing binder in the following content of in-
gredients, wt. %: Portland cement — 70-30, fly ash — 30-70,
NeoLit-400 superplasticizer (top) — 0.3%.

Table 1
Results of chemical analysis of TPP ash dumps
Kecme 1
ZKIC Kyn yitinodinepine XumMuanvik, manoay Hamuoicenepi
Tabnuua 1
Pezynomamul xumuyecxkozo ananuza 30100meanoe TOC
Name of TPP, ash dumps content, %
and their elements Sio, ALO, Ca0O Fe,0, | MgO K,0 Tio, SO,
Ekibastuz TPP 56,6 23,64 3,41 4,73 1,54 1,22 0,79 3,05
Ekibastuz State District 63,9 25,50 0,80 5,70 0,10 0,90 1,20 0,20
Power Plant ( SDPP)
Pavlodar CHPP 57,7 25,26 2,48 10,1 1,66 0,50 0,02 0,07
Almaty CHPP-3 57,7 29,6 1,1 6,24 0,35 0,03 - 1,3

TOPHBIN ) KYPHAJI KABAXCTAHA Nel’ 2025




63

[eoakomorns

Table 2
Distribution of phase composition of fly ash depending on its fractional composition
Kecme 2
Kynoin ¢ppaxuusanvik Kypamovina oaiinansicmol azansik KypamolHblH MAPALybl
Tabauua 2
Pacnpedenenue pazosozo cocmasa 30161-yHOCA 6 3A6UCUMOCIU OM €€ PAKUUOHHO20 cocmasa
. . Distribution of phase composition depending on fraction, %
Grid . . Fraction
number Particle size, maintenance ) o ) glass phase
sieves pm on a sieve, % Mullit | a- quartz Sillimanite Carbon (occuple;i
area, cm?®)
0,5 500 0,14 28 54 - 18 6
045 450 2,26 44 21 24 11 14
025 250 3,36
01 100 25,8 46 18 28 8 14,5
009 90 0,84
008 80 12,12 42 20 31 7 18
0063 63 4,5 47 17 29 7 20
005 50 21,46 50 21 29 - 22
0045 45 21,38 47 25 28 - 23
004 40 7.9 51 14 35 - 23

Invention relates to building materials and can be used
as inorganic binder with a mineral additive in production of
Portland ash cement from acid ash from thermal power plants
[7, 8].

Thus, the processing and disposal of mining and metal-
lurgical waste into construction materials is aimed at solving
technological, environmental, social and economic problems
in regions with developed mining and metallurgical industries.
The development of technologies for the production of build-
ing materials based on technogenic waste, contributing to the
development of the industrial and innovative potential of the
state, careful attitude towards natural resources and the envi-
ronment, should be considered as the most important scientif-
ic and practical task, the solution of which is directly related
to environmental safety when disposing of billions of tons of
waste in industrial regions [9, 10].

Expected effect (technological, economic, social and envi-
ronmental):

Technological effect. As part of the implementation of the
state program for industrial and innovative development of the
Republic of Kazakhstan in the field of environmental protec-
tion, various methods of processing industrial waste through
the introduction of waste-free technology are being consid-
ered.

The economic effect is the production of additional building
materials and products.
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Social effect: creation of new jobs in the vicinity of existing
mining and metallurgical complexes due to the work of newly
created solid waste recycling facilities; improvement of working
conditions, since solid waste is located on the surface of the Earth.

Environmental effect — improvement of the environmental
situation; reduction of new land areas allocated for dumps; re-
duction or elimination of costs associated with eliminating the
environmental consequences of waste storage.

Conclusions

Thus, it can be argued that utilization of technogenic waste
from mining and metallurgical industries into construction
materials is aimed at solving environmental and social prob-
lems in regions with developed mining and metallurgical in-
dustries. Rational organization of waste recycling process in
combination with efficient modern equipment makes it possi-
ble to obtain products from secondary raw materials at a cost
2-2,5 times lower than for similar products from primary raw
materials, with comparable product quality.
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