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INDUSTRIAL WASTE UTILIZATION IN THE PRODUCTION
OF BUILDING MATERIALS ON ECOSTROINII-PV LLP EXAMPLE

The results of the work of EcostroyNII-PV LLP on the processing of technogenic
waste of energy and metallurgy of the Republic of Kazakhstan, Paviodar region
are presented. The use of waste in the manufacture of construction products is
one of the most effective solutions to environmental problems in the region. The
proposed technology for the production of construction products using ash and
slag waste provides for innovative compositions of raw materials mixtures and
provides an increase in operational characteristics and an increase in labor
productivity in construction. The applied technology, in comparison with existing
analogues, provides for the use of local waste (ash and slag waste from the burning
of Ekibastuz coal, bauxite sludge of the Pavlodar aluminum plant, steelmaking
slag). They differ in chemical and granulometric composition, as well as binding
properties from other analogues and prototypes. In the production of construction
products, a concrete mixture has been introduced and patented, including, %:
slag-Portland cement — 14.32—17.00; sand — 18.74-25.52, crushed stone — 46.50-
49.71, alumina sludge obtained during processing of Kazakhstan bauxite — 5-7;
self-disintegrating slag of steelmaking production — 5-7; ash and slag waste of
thermal power plants from burning Ekibastuz coals — 5—7. According to the test
results, the average tensile strength of building products (paving slabs, curbstones,
hollow bricks) is 3.2 — 3.8 MPa (strength class 2.5).

Keywords: construction products; ash waste; energy, metallurgy, bauxite
sludge, slag.

Introduction

The Republic of Kazakhstan still has huge tonnages of ash and slag waste from
thermal power plants and metallurgical waste in old dumps. It is stated that it is necessary
to develop a green economy and closed production cycles, which imply a constant
cycle of materials during production and consumption, eliminating the formation of
waste accumulating in the environment. Waste, unfortunately, continues to accumulate
annually. This requires the development of new initiatives to involve them in recycling
in order to avoid environmental problems [1].

In the Pavlodar region, the main types of industrial waste are ash and slag waste
from thermal power plants from the burning of Ekibastuz coal, waste from metallurgical
enterprises from the production of steel, alumina, aluminum and ferroalloys, chemical
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industries. A review of studies on the utilization and involvement in the production of
Pavlodar region industrial waste showed that much attention is paid to the disposal of
particularly harmful waste, as well as the processing of coal mining waste and ferroalloy
production [2—6]. It is established that insufficient attention is paid to the issues of waste
processing of thermal power plants and waste production of alumina and steel.

Earlier, the EcostroyNII-PV company was established under the World Bank
project «Stimulating Productive Innovations» of the ARP-SSG-17/0290F subproject
«Innovative technologies for the use of solid technogenic waste from heat power and
Metallurgy enterprises of the Pavlodar region in the production of building materials».
The main goal of the company was the research, development and commercialization
of innovative technology for the production of construction products using local waste
from thermal power plants and metallurgy.

Field Study

New compositions of concrete mixtures with improved performance characteristics
have been developed using ash and slag waste from thermal power plants and
metallurgical enterprises of the Pavlodar region as aggregates and binders. A large
number of experiments have been carried out with varying the percentage of all
components included in the concrete mixture’s composition. The regularities of the
influence of various additives on the physic-mechanical characteristics of mixtures are
established.

The task of using ash and slag and other industrial waste for the manufacture of
construction products was set. To determine effective ways to improve their quality,
the effect of modifying additives on the physical, chemical and strength characteristics
of products was investigated. Recommendations [7, 8] were used in the preparation
of experimental studies. Ash from the burning of Ekibastuz coals of Pavlodar thermal
power plants was used in the research. The chemical composition of the ash is shown
in Table 1.

Table 1 — Chemical composition of Pavlodar thermal power plant-1fly ash, %
Si0, | ALO, | TiO, | Fe,0, | CaO | MgO | KO | Na,O | PO, | MnO
60,6 28,6 1,4 5.4 2 0,5 0,5 0,2 0,7 0,1

The fly ash used in our technological process (Figure 1) is characterized by a fine
granular fraction. According to GOST 25818-91 and 25592-91, the content of CaO
calcium oxide in the ash component of the ash-slag mixture and in the fine-grained
mixture should be no more than 10 % by weight. The content of magnesium oxide MgO
in the ash component of the ash-slag mixture and in the fine-grained mixture should be
no more than 5 % by weight. The content of sulfur and sulfuric acid compounds in terms
of SO, in the ash and slag components of the ash—slag mixture should be no more than
3 % by weight, including sulfide sulfur — no more than 1 % by weight. The content of
alkaline sodium and potassium oxides in terms of Na,O in the ash component of the ash
and slag mixture and in the fine-grained mixture should be no more than 3 % by weight.
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Figure 1 — Fly ash of Pavlodar thermal power plant-1

Bauxite sludge of the Pavlodar Aluminum Plant is a by-product of the production
of alumina A203 and 1s included in the formulation of concrete mixtures. The chemical

composition of bauxite sludge is given in Table 2.

Table 2 — Chemical composition of Pavlodar aluminum plant bauxite sludge, %.

Fe,O,

ALO,

CaO

SiO

2

TiO

co

2

Na,O

MgO

27-33

4,0-5,0

39-44

19-21

2,0

0,8-1,0

0,9-1,5

0,3-1,2

In appearance, bauxite sludge (Figure 2) is a medium-grained sand of a reddish-
brown color with inclusions of easily crumbling lumps of various sizes. The humidity
of bauxite sludge samples should be in the range of 20-30 %, the density is 2.6-2.86 g
/sm?, the bulk density in the loosened state is from 1.1 to 1.3 g /sm?., the fraction used
15 0.05 to 2 mm.

Figure 2 — Bauxite sludge of Pavlodar aluminum plant
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Results and Discussion

Representative samples of bauxite sludge from the sludge dumps of the Pavlodar
Aluminum Plant were selected for the study. Sludge samples were taken in accordance
with the requirements of GOST 12071-2014. Statistical processing of the research results
was carried out according to the recommendations [9].

Metallurgical slag of the 0—5mm fraction and coarse fractions of 20—30mm were
used as fillers. The slag is gray in color, a porous microstructure is observed, the presence
of a crystallized vitreous component is noted. Brown inclusions indicate the presence
of iron oxide. The chemical composition of the steelmaking slag from Casting LLP is
given in Table 3.

Table 3 — Chemical composition of slag steelmaking from Casting LLP, %
Fe SiO ALO, CaO MgO MnO S

2

28-35.9 12,1 -189 1,9-4,8 21,1-24,6 6,9-20,2 5,1-82 0,03-0,04

Technogenic raw materials were included in the composition of the concrete mixture
as aggregates and binders [10]. For each recipe, 6 samples were made (Figure 3), which
were placed in 100x100x100 mm molds according to GOST 25781-81. The samples
(without steaming) were stored at room temperature for 28 days, after which strength
tests were carried out with them.

Figure 3 — Test samples obtained
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As aresult of experiments, it was revealed that the ash used as a filler does not affect
the decrease in the strength of the concrete mixture. When grinding ash, it can be used
as a substitute for clinker. The use of ash up to 15 % of the amount of cement does not
affect the reduction of strength indicators and can be used as a filler to replace sand.

The use of bauxite sludge with the addition of lime milk made it possible to increase
the strength of concrete samples to the M50 grade, class B3.5 (in the absence of vibration
compression). The use of metallurgical slag of the 0-5 fraction as a filler did not affect
the strength of the samples due to the absence of vibropressing and steaming chamber,
which is why the cement adhesion process was low. Also, tests of the concrete mixture
were carried out using metallurgical slag of the 20-30 fraction in forms with a size of
150x150x150 mm according to GOST 25781-81, as a large aggregate instead of crushed
stone. More than 30 formulations of concrete mixes have been developed using various
fillers, additives and binders.

Based on the tests of samples using ash and slag waste, it was found that there are
reserves for saving cement when using ash in the case of preparing industrial samples
by vibropressin. Industrial samples of hollow wall stone were manufactured at the
Rifey-Udar vibropressing technological line. In the future, the amount of cement was
reduced. Tests have shown that the concrete class has become B3.5 (M50), which is
enough for the construction of low-rise buildings. According to the same composition,
a «Partition stone 390x120x188 mm» was made. The strength of the stones was also
B3.5 (M50). Since such strength is not required for the partition material, it is possible
to reduce cement consumption.

According to the results of the tests, industrial production was launched. After testing
the technology, the composition of the raw material mixture used for the manufacture
of building products (paving slabs, curbstones, hollow bricks) was optimized. The
mechanical characteristics of the products were preliminarily determined by the
destructive method using a hydraulic press PMG 1000MG4 in the amount of 5 % of
each batch of products.

The industrial production of hollow bricks began with the period of obtaining the
certificate of conformity of the product «Hollow wall stone using ash and slag waste»
according to the results of certification in an independent organization JSC «National
Center for Expertise and Certification» (Republic of Kazakhstan).

Conclusions

On the basis of EcostroyNII-PV LLP, raw mixtures for the production of
construction products based on industrial waste of the Pavlodar region of the Republic
of Kazakhstan were studied.

A concrete mixture has been introduced and patented in the production of
construction products, including, % by weight: slag-Portland cement — 14.32—17.00;
sand — 18.74-25.52, crushed stone — 46.50—49.71, alumina sludge obtained during the
processing of bauxite — 5-7; self-disintegrating slag of steelmaking production — 5-7;
ash and slag waste of thermal power plants from the burning of Ekibastuz coals — 5-7.

According to the test results, the average tensile strength of building products
(paving slabs, curbstones, hollow bricks) is 3.2-3.8 MPa (strength class 2.5).
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The use of technogenic waste from heat power and metallurgy in the production of
building materials is an effective way to solve environmental problems in industrially
developed regions.
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«3KOCTPOMHUN-TIB» )KIIC MBICAJTBIHIA KYPBLIBIC
MATEPHAJJIAPBIH OHIPYIE OHEPKOCIIITIK
KAJJIBIKTAPIBI KOJETE JKAPATY

OHIpOiY KON02USIBIK NPOOIEMANAPLIH WeUuYOiy ey MUiMOi HYCKANAPbIHbIH
0ipi peminde Kazaxcman Pecnybaukacel 11a6n00apooavlcolbly dHEpeemuKa sHeoHe
MEMANIypeusi CaianiapbiHvly MeXHO2eHOIK KANObIKMAPbIH KYPblablC OYUbIMOAPbIH
0albIHOAYOanauoanany JHCoablMeH Kauma eHOey dcoHinoesl «IxocmpoiuHUU-
IIB» JKUIC ocymvicvinbly  Homudicenepi  yculHuliovl. Kya-xooickanrovikmapuin
natdarana  Omulpuin,  KYypolibiC  OYUbLIMOApbIH — OHOIDYOIH  YCHIHLLIAMbIH
MEXHOIOSUACH] WUKIZAM  KOCHAIAPbIHLIHUHHOBAYUAILIK KYPAMOApulH  Ko30elio,
Oy naudaramy CUnAmMmMAaMAalapevli apmmuipyobl JCOHe KYypblabicmazvl eHOex
OHIMOIIZIHapmmbIPYObl  Kammamacwels emedi. Kondawvicmazsvl  ananoemapmer
CanviCmulp2anoa KOJIOAHbLIAMbIH MEXHOI02US XUMUSLIBIK HCOHESPAHYIOMEMPUSTBIK,
KYpamol, COHOAl-aK 6ACKa aHaioemap MeH npomomunmepoer OAuIanblCmulpyilbl
Kacuemmepi OoUbIHUIAEepEeKWeNeHemIiH Jicepeinikmi  Kanovikmapowl (Exioacmys
KOMIPIH d1caay0aH WulKKAH KYA-KOHC Kanobikmapbwl, [1aenooap anomunuti3aybimsiHuly
bokcum winamvl, 6oram OAIKbIMY KOJCbl) NAUOALAHYObl Ke30elodi. Kypwiibic
OYUbIMOApbIHbIY OHOIPICIHE DEMOH KOCNAChl eHei3in0i JcoHe nameHmmenoi, OHblH
iwinoe ocannau %: wiraxonopmaanoyemenm — 14,32—17,00; kym — 18,74-25,52,
Kubipublk mac — 46,50-49,71, Kazaxcmarn Pecnybauxacvinwviy bokcummepin eHoey
Ke3iHOe anvlHaan 2NUH03emM OHOIpIciHiy wamsl — 5—7; boaam Oankulmy eHOIPICiHiY
030i2inen blObIPaumvll KOl — 5—7; HCuLLy 2aekmp cmanyusiapvinsly Exioacmys
KOMIpIH dicazy0an xanean Kya-Kooc Kanovikmapwl — 5—7. Culnax Homuoicenepi
OOUBIHULA KYPBLIBIC OYULIMOAPBIHBIY OpMauia Oepikmix weai (mpomyap nAumkaiapbl,
arcuekmac, Kywic kipniuy) 3,2-3,8 Mlla (bepikmik kaacet 2,5) Kypauiobi.

Kinmmi coe30ep: Kypvuivic OyibiMOapul;, Kyn-KOdic KAIObIKIMAPbL, dHEPSemuKa,
Memanypeus, 60KCUM Waambl, KOIC.

*K. III. Apvinzazun

TOO «9xoctpotHUUN-IIB,

Pecniybnuka Kasaxcran, r. [TaBioaap.
Marepuan noctynun B pegakiuio 01.06.23.

YTUIMN3ALOUA NPOMBIIIJVIEHHBIX OTXOA0B
B NTPON3BOJACTBE CTPOUTEJIbBHBIX MATEPHUAJIOB
HA IIPUMEPE TOO «9KOCTPOMHUU-IIB»

Ilpeocmasnenvr  pezyromamul  pabomur  TOO «OxocmpouHUHU-TIB» no
nepepabomKe mexHo2eHHbIX 0MX0008 dHepeemuxu u memannypeuu Ilagrooapckou
obnacmu Pecnyonuxu Kazaxcmawn, nymem ucnonv3o8anus ux 6 uU320mosieHuu
CMpOUMEnbHbIX  U30enull, Kaxk O00uH Haubonee IP@OeKmuHvX 8apUAHMOS
pewienuss  IKono2udeckux — npobaem  pecuona. Ilpednacaemas — mexHono2usl
NpoU3BO0CBA  CHMPOUMENbHLIX U30eMUll € UCHONb30BAHUEM  30JI0UTAKOBIX
0mMxX0008 NpedyCMampusaem UHHOBAYUOHHbIE COCMABLL CbIPbEGLIX cMecell, Ymo
obecneyusaem nogvluleHUe IKCNIVAMAYUOHHBIX XAPAKMEPUCMUK U YBeauyeHue
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npouszeooumenvHocmu mpyoa 6 cmpoumenvcmee. lIpumensemas mexnono2us no
CPABHEHUIO C CYWeCmBYIOWUMU AHAL02aMU NPeOyCMAmpuedem UcnoIb308AHUE
MECMHBIX OMX0008 (30I0UAAKO8ble OMX00bl OM CICUSaHUst DKUOACMY3CK020 Veis,
bokcumoswviti wnam 11agnooapckozo anoMuHUes020 3a600d, CMANEHIAGUTbHBLIL
WIaK), Komopwvle OMAUYAIOMCA HO  XUMUYECKOMY U  SPAHYIOMEMPUYECKOMY
cocmasy, a maxodice CeA3YIWUX CEOUCMBAM OM OPY2UX AHAL0208 U NPOMOMUNOS.
B npouszeoocmeo cmpoumenvhvix uzdenuii HeOpeHa U 3anameHmo8ana OemonHas
cmecw,  exmouaiowas, %: waaxonopmianoyemenm — 14,32—17,00; necox —
18,74-25,52, webenv — 46,50—-49,71, wnam 21uHO3eMHO20 NPOU3BOOCMEQ,
noayueHuvlll npu nepepabomxe 6Ookcumos Pecnyoiuxu Kazaxcman — 5-7;
CAMOPACCHINAIOUWULICS WLAK CIMATIENIABUIbHO20 BPOU3B00CMBA— 5—7 ; 3010UL1AKOBbLE
0mMX00bl MENNOBIX INEKMPOCMAHYULL OM CoHCULAHUSL DKUOACMY3CKUX yeneti — 5—7.

o pesynbmamam ucneimanuii cpeOHUll npeodesl NPOYHOCMU CIPOUMETbHbIX
uzlenuil (Mmpomyapras, HAUMKA, OOPOIOPHBIIL KAMEHb, NYCMOMENbll KUpnuy)
cocmasnsem 3,2-3,8 Mlla (kaacc npounocmu 2,5).

Knouegvle cnosa: cmpoumenvhvie uz0enus;,  3040ULIAKOGbIE  OMXOObI;
IHEpeemuKa;, MemauiLypeust, OOKCUMOGbLIL UAAM, ULTAK.
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