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DEVELOPMENT OF TECHNOLOGIES FOR RECYCLING AND BIOTECHNICAL
RECOVERY OF ASH SLAGS WASTE

Abstract. There is a significant number of thermal power plants in Kazakhstan, as a result of which
more than 500 million tons of ash and slag waste have been accumulated. Ware housing and storage of ash
and slag causes a very significant impact on the environment in the area of their location. Therefore, it is
highly relevant to address the issues of reducing the load on the environment by developing technologies for
utilizing ash and slag, as well as biotechnical reclamation of the dusty surface of ash dumps.

The article presents the results of a study of the physical and technical characteristics of a binder based
on bitumen and ash and slag. The study of samples using a bitumen ash and slag binder showed that they
meet the requirements of regulatory documents (ST RK 1225-2013) and have the following characteristics:
ultimate compressive strength (after 28 days at 20°C) - 2.1 MPa; compressive strength (after 30 minutes at
50°C) - 1.9 MPa; average density - 2.38 kg / m3 and water absorption - 2.1%. A technology for producing a
bitumen-ash-slag binder for the construction of road bases has been developed and its main parameters have
been determined (the type and content of bitumen in the binder, the mixing time in the mixer and the density
of the bitumen-ash-slag dough).

A technology has been developed for biotechnical reclamation of ash and slag using new physiologically
active drugs that stimulate plant growth from brown coals, which suppresses dust emanating from the surface
of ash dumps. At a wind speed of 2-10 m / s, the amount of dust emitted decreased by 85%. The composition
of an adaptogen preparation for processing seed material of wild plants has been determined. The selection of
varieties of wild-growing plants was carried out directly in the locations of ash dumps. The time of laying and
drying of seed material of wild-growing plants before sowing was determined. At the stage of ontogenesis of
green mass, the optimal modes of spraying with a solution of the preparation for vigorous plant growth in the
absence of moisture have been determined.

Key words: technology, ash and slag, physical and chemical properties, binder, ash dump, biotechnical
reclamation.

Introduction. At present, more than 500 million tons of ash and slag waste from thermal power plants
have been accumulated on the territory of Kazakhstan, the reserves of which are increasing every year. It is
known that the storage of ash waste is a very costly undertaking. According to expert estimates, investments
in the reconstruction of one ash dump can reach 5 billion tenge, and the construction of a new one costs 10-12
billion tenge. The storage of ash and slag waste leads not only to the withdrawal of significant land areas, but
also causes a very significant pollution of almost all environmental components in the area of their location.
Therefore, at mining enterprises that have their own thermal power plants (CHP), it is very important to
address the issues of reducing the load on the environment by developing technologies for the disposal of ash
and slag, as well as biological reclamation of the dusty surface of ash dumps.

A review of previous scientific works showed that [1-6] in the neighboring countries the level of use of ash
and slag from thermal power plants does not exceed 7-10%, while in developed countries it is about 50%, in
France and Germany - 70%, in Finland - about 90%. At domestic enterprises, ash and slag waste is practically
not used.
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Earlier, based on the analysis of the qualitative and quantitative parameters of the accumulated ash and
slag of the Rudnenskaya thermal power plant of SSGPO JSC (Kazakhstan), possible directions of their use
for obtaining building materials were identified: for the production of fired bricks; in the form of an additive
in the production of reinforced concrete products and as a hydraulic additive for concrete mixtures [9]. Ash
and slag can also be used in mixtures for the formation of layers of the base of highways, as cement-ash and
slag binders. This article is devoted to the development of a technology for producing a bitumen ash and slag
binder using ash aslag waste and their biotechnical reclamation.

Materials and methods. To determine the physical and mechanical properties of the bases using a
bitumen-ash-slag binder, initially a crushed stone-gravel-sand mixture (SHGPS) is mixed with ash and slag
at a ratio of 70:30, and then this mixture is heated to 90°. Bitumen is heated separately to 120°C. Then they
are mixed in a ratio of 94: 6. Further, from the finished bitumen-mineral mixture, samples are prepared by
pressing - cylinders 5x5 cm in size. For the preparation of bitumen ash and slag binder (BZShV), viscous
bitumen BND - 90/130 was used. The ultimate strength was determined for two types of samples. The former
are dry samples, tested immediately after obtaining samples by pressing, the latter are samples that are tested
after water saturation.

To reduce the negative impact on the environment of temporarily unused ash and slag, which will be
disposed of in the future, research has been carried out on biotechnical reclamation of the dusty surface of
ash dumps.

At the stage of biotechnological reclamation of technogenic landscapes on the surface of ash dumps of
the thermal power plant, it is possible to sow seeds of wild plants such as brunets (alabota), quinoa (atriplex),
wormwood (artemisia), festucasulcata (fescue), stiparubens (feather grass), arculusiadracongracilis (gallery
of subtaxa) [7,8].

The most favorable time for sowing the seeds of herbaceous plants is the autumn period or early spring.
Perennial grasses are sown with grain or grain-grass seeders, followed by harrowing and rolling with smooth
rollers. The seeding depth of small seeds is 1-2 cm, for large ones - 3-4 cm. The seeding rate of seeds
in ash dumps should be increased by 2.0-2.5 times in comparison with the generally accepted ones. For
quick turfing, a heavily thickened crop is allowed. It is known that scarification of seeds (boiling in water or
destruction of the shell with sulfuric acid) sharply increases their germination. With soil sowing of scarified
seeds, their germination rate reaches 88-95%.

Results and discussion. The results of the study of the physical and mechanical properties of the
bitumen ash and slag binder are shown in Table 1.

Table 1 - Physical and mechanical characteristics of samples using BZShV

Thenameofindicators Unit measurements Indicators of Unit measurements Indicators of
physical and mechanical properties physical and mechanical properties
testedsamples ST RK 1225-2013

Compressive strength MPa 2.1 2.0...2.5
after 28 days. at 20°C

Compressive strength MPa 1.9 0.9...1.6
after 30 min. at 50°C

Mediumdensity kg/m? 2.38 -

Waterabsorption % 2.1 1...3

It can be seen from the table that the presented test results of samples on a bitumen-ash-slag binder fully
meet the requirements of regulatory documents.

The production of bitumen-ash-slag binder and its use in the base of road pavements consists of the
following main processes:

* preparation of bitumen ash and slag binder;

* delivery of the binder to the area of road construction;

* preparation of the subgrade;

* delivery of sand-gravel or crushed-stone-gravel-sand mixture to the place of use;

* displacement on the road of ASG or SHPGS with bitumen-ash-and-slag binder;

» formation of the foundation on the surface of the subgrade after or without the subbase;

» compaction of the base using rollers;

» checking the density and strength of the base for its reliability and stability.

65



NEWS ofthe Academy of Sciences of the Republic of Kazakhstan

Each of the above-mentioned technological processes is a series of separate operations performed in a
known sequence, with a certain mode on the corresponding equipment.

The technology of obtaining a bitumen ash and slag binder includes the following operations: loading
the ash and slag hopper; pumping bitumen into the bunker and heating it; dosing of the starting components;
preparation of BZShV in a mixer; unloading of the finished binder. Figure 1 shows a process flow diagram
for producing BZShV.
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1 - hopper for ash and slag waste

2 - heated bitumen hopper

3 - batchers (3a-ash-and-slag waste; 3b-bitumen)

4 - heated mixer

5 - top level sensors (5 (1) -ZShO; 5 (2) -bitumen; 5 (4) -mixtures)

6 - sensors of the lower level (6 (1) -ZShO; 6 (2) -bitumen; 6 (4) -mixtures)

7 - temperature sensors (7 (2) - heating of bitumen; 7 (4) - heating of the mixture)
8 - open / close sensors. dispensers (3a - ash and slag waste: 3b - bitumen)

Figure 1 - Technological scheme for obtaining bitumen-ash and slag binder for the foundation of
highways.

Homogeneous ash and slag delivered from the warehouse by a cement truck are fed into the hopper (1).
Bitumen from the bitumen storage is pumped through a pipe into a bitumen-smelting installation-bunker (2),
where the bitumen is heated to a temperature of 120-130°C. From the hopper (1), the ash and slag through
the batcher (3a) enters the mixer (4), and heated bitumen enters the same place through the batcher (3b). In
the mixer (4) from ash and slag and bitumen (in a ratio of 94: 6,%) a homogeneous mass is obtained at a
temperature of 120 - 130°C. The finished BZShV is delivered to the object by a dump truck.

The type of bitumen, depending on the type of base, can be different, for example:

» for hot asphalt-concrete mixtures, viscous bitumen is used in BZShV (BND - 90/130, BND - 60/90, BND
- 40/90), while the bases are laid at a temperature of 120-130°C;

» for warm asphalt concrete mixtures BZShV consists of liquid bitumen (SG - 130/120) or low-viscosity
bitumen (BND - 130/120, BND - 200/300), while the base is laid at temperatures of 60-80°C;

» for cold asphalt concrete mixtures BZShV is prepared from liquid bitumen (MG - 70/130 or SG - 70/130)
and the base is laid at a temperature corresponding to the ambient temperature (but not lower than + 10°C).

In the autumn, a laboratory experiment (on a phytotron) was carried out to test the effectiveness of the
use of physiologically active humic preparations from brown coal on the ecological resistance of the Brunets
plant to planting on ash and slag. The time of laying and drying of seed material of wild-growing plants
before sowing was determined. At the stage of plant ontogenesis, the optimal modes of spraying plants with
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a solution of the preparation were determined. A method for treating plants grown on a substrate of ash and
slag in the growing season with a solution of an adaptogen preparation has been developed and the effective
concentration of its aqueous solution has been determined.

The assessment of the results of the growth of wild plants was carried out in the following sequence:

1. Dry untreated seeds (control 1).

2. Surface treatment with ZnSO4 « 7H20 at the rate of 30 g / m2 - Background + dry untreated seeds
(control 2).

3. ground + seed treatment with a 0.3% aqueous solution of a humic preparation.

4. ground + seed treatment with a 0.3% aqueous solution of a humic preparation with spring germination
and subsequent spraying of vegetative plants with a 0.04% aqueous solution of a humic preparation mixed
with urea.

During the period of branching of brunets and wormwood in April 2019 (variant 4 of the experiment),
vegetative plants were sprayed with a physiologically active aqueous solution containing urea, a humic
preparation, liquid soap and soft water. The consumption rate of the working solution was 40 ml / m* (16 mg
of the humic preparation per 1 m?). The results of the growth of wormwood, brunets are presented in table 2.

Table 2 - Results of the growth of wild plants

NoNo Option Germi- Avera- Productivityofland
nation, geheight, | Perplant, | Increasetocontrol, %
% cm g

1. |Dry untreated wormwood seeds - 20 9 13 16
control 1

2. |ZnSCU * 7TH20 - 30 g/ m? -
Background + dry untreated brunets 31 39 20 100,0
seeds - control 2

3. |Background + seed treatment with 65 74 37 185,0
0.3% aqueous solution of humic
preparation

4. |Background + seed treatment with a 89 81 53 265,0
0.3% aqueous solution of extraction of
wild plants and a humic preparation,
followed by spraying vegetative plants
with a 0.04% mixture with urea at the
rate of 40 ml of working solution per
Im? during germination and branching

The results of accounting for the germination of wormwood and brunets with the treatment with the
extract of wild plants are presented in Table 3.

Table 3- Seed germination of brunets and wormwood

Plantname Germination,%
Brunetsorpseudosophora - control 24
Brunetz - Processed with Wild Plant Extract 100
Wormwood - control 16
Wormwood - Processed with Wild Plant Extract 34

An experiment was also carried out to assess dust release from the surface of ash and slag with a cover of
grown wild plants. The amount of dust from the surface of ash and slag waste was measured with an AFA-
VP-10 device using an N-822 electric aspirator. Outgoing dust was removed and weighed on a VLA-200
analytical balance. At a wind speed of 2-10 m / s, the amount of dust emitted from the surface of the reclaimed
ash and slag decreased by 85% [9].

Conclusion. Based on the study of the physical and mechanical properties of the binder with the use of ash
and slag, a technology for obtaining a bitumen ash and slag binder has been developed, the main parameters
of which are: the type and content of bitumen in the binder, the time of mixing in the mixer, the density of the
bitumen ash and slag dough.

The use of ash and slag in road construction makes it possible to completely dispose of ash and slag waste
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from thermal power plants, which makes it possible to solve the problems of environmental pollution. The
use of ash and slag helps to reduce the cost of road pavements and makes it possible to obtain road bases with
significant strength, density and durability.

For biotechnical reclamation of ash dumps at the TPP of SSGPO JSC, the most promising is the
agromeliorative method of pre-sowing treatment of seeds of local wild plants with a humic preparation.
Experimental studies have shown that the treatment of seeds of wild plants (wormwood and brunets) with
a humic preparation ensures their high survival rate on highly saline ash and slag. At the same time, dense
overgrowth of the ash and slag surface is achieved, which significantly reduces their dusting. At a wind speed
of 2-10 m / s, the amount of dust emitted is reduced by 85%.

The proposed technical solutions make it possible to create low-waste technologies using ash and slag
from thermal power plants, contribute to the rational use of mineral resources and solve environmental issues.

This study was carried out within the framework of the target scientific and technical program « Technological
modernization of mining operations based on the transition to a digital economy» (BR05236712), section 6
«New technologies for the processing of solid waste».
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KYJI KOXKbI KAJIIBIKTAPBIH YTU/IM3ALHUAJIAY KOHE BUOTEXHUKAJIBIK
PEKYJITUBALUAJIAY TEXHOJIOTI'MIACHI

Annotanus. Kazakcrania sbuty JIEKTp CTaHIANAPBIHBIH efeyipairined 500 MUJUTHOH TOHHAIAH acTaM
KYJI MEH KOXK KaJIZIBIKTaphl )KHHAKTAJIFAH )KOHE oJlap KOpIIaraH opTara alTapibIKTal Kepi ocepiH THTi3ei.
Coun cebernTi KyJI MEH KOX YHIHIUIEPiHIH MaHAbl OSTIHEH KOpIIaFaH OpTaFa TapaWThIH 3HUSHJIBI 3aTTap/Ibl
TeXEY d/licTepi KOMAAHBLIBIM, TYPFBIHIAP MEH dKYMBICIIBUIAPBIH ICHCAYIIBIFbIHA KOH(DOPTTHI KaFal TYFhI3Y
KOPCETiITeH.

Makanana OMTYyM MEH KyJ KOXbI HETi3iHJAe OailaHBICTBIPFBINI 3aTTap KYPaMBIHBIH (HU3UKAIIBIK-
TEXHHUKAJIBIK CUTIaTTaMalapblHa 3epTTey KyprizireH. Ocbl OalIaHBICTBIPFBINI 3aTTHIH YIITIEpiH TyOereii
3epTTey KOPCETKEHICH, ojlap HOPMATHBTIK KYIKATTap/bIH TajanTtapbiHa colikec keneTini monennenmi (KP
CT 1225-2013): xpichIMABIK TIeKTi OepikTik (t -20°C , 28 kyHHEeH KeiiHri cbiHak) - 2,1 MIla; KbIChIMABIK
1rekTi 6epikTik (t- 50°C, 30 MunyTTaH Keiin) - 1,9 MIla; opraiia ThIFbI3ABIFSI - 2,38 KT / M> jK0HE BUFAIIBI
ci”ipyi - 2,1%. ABTOXO0J KYpaMbIH KaJbIITACTHIPYFa apHAIFaH OUTYM-KYJI-KOK OailIaHBICTBIPFHINI 3aThIH
OHJIIPY TEXHOJIOTHSCHI OEpiNin >KOHE OHBIH HETI3Ti MapaMeTpiiepi aHBIKTAIAbl (OaiIaHBICTHIPFBIIITAFBI
OUTYMHBIH KACHETI MEH KYPaMbl, apallaCThIPFBINITAFl YAKbITHI JKOHE OUTYMHBIH THIFBI3/IBIFBI ). BYJT - aBTOXKOI
KYPBUIBICBIHA KYJ KOXKBIH (30JIOIIIIAK) KOJIIaHyFa OONaThIHIBIFBIHA KO3 KETKI31IIi JeTeH co3.

ATaJIbIN OTBHIPFAH JKYMBICTBIH JKAHAJIBIFBl - KOHBIP KOMIpPJICH OHAIPUICTIH OPTYpNi MpenapaTTap/sl
KOJIJITaHa OTBIPBIT, KYJ KOXBbI YHIHIUIEPiHIH OCTIHEH MIBIFAThIH 3USHIBI MIaHIABl 0acaThlH, OMOTEXHUKAIBIK
PEKYIBTUBAIMSATIAY TEXHOJNOTHICH OepinreH. JlananbIK-3KCIEPUMEHTANBIK TIKIPUOE KOpCeTKeH IeH,
KENIiH KbeurmaMabirel 2-10 M / ¢ cokkanaa OemiHeTiH maH Memepi 85%-ra TeMeHereHiH kepcerti. Con
MaHJ1a eceTiH xabaifbl 6CIMIIKTEpP/IiH TYKBIMBI MEH JKOFApbhIIa alThIIFAH Mpenapar-aaiTOreHHIH KypaMbl
3epTTeNiN, OHBIH OCy yJAepici olimarbinail OonFaHbl aHBIKTANIEL. CyOcTpar OeriHe )abalbl ©CIMIIKTEPAIH
TYKBIMBIH Cce0y aJ/IbIH/Ia OJIapJAbl CYPBINTAy JKOHE KEMNTIpy YaKbIThl aHBIKTAIAbl. OHTOTEHE3 Ke3iH[e
SFHU BUTFaJI OOJIMaraH JKarJaiiia, eCIMIIKTepAiH KapKbIHIBI OCyiHe Tpenapar epiTiHuiciMeH Oypke cedy
TEXHOJIOTUSACH! YCHIHBIIJIBL.

Tyitinai ce3aep: TEXHOJIOTHS, KYJ KOXbI, (DU3UKATBIK-XUMHUSUTBIK KACHETTEP, OAlIaHBICTBIPFBIII, KYJI
yHiHgici, OMOTEeXHUKAIBIK PEKYIbTHBAIUSIIAY.
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PASPABOTKA TEXHOJIOTUM YTUJIN3AIIMU U BUOTEXHUYECKOM PEKYJIbTUBALIAN
30JIOIIJTIAKOBBIX OTXO10B

AnHotanmsa. B Ka3zaxcrane mmeercs 3HaUMTENbHOE KOJIMYECTBO TEIJIOBBIX AIEKTPUUYECKHUX CTaHIUM,
rae HakoruieHo 6oniee 500 MITH. TOHH 30JIOLUIAKOBBIX OTX0A0B. CKIIaJMpOBaHHE U XPAaHEHUE 30JI0ILIAKOB
BBI3bIBAET BEChMA CYILIECTBEHHOE BO3/IEHCTBUE HAa OKPY’KAIOIIYIO CPEy B 30HE UX pacronoxenus. [loatomy
BECbMa aKTyaJbHBIM SIBJISIETCS PEIIEHHE BOIPOCOB CHIKEHHS HArpy3Kd Ha OKPY)KAIOLIYIO cpely MyTeM
Pa3paboTKK TEXHOJOTHH YTHIM3AaLUU 30JI0IUIAKOB, a TAaKKe OMOTEXHHYECKOW pPEeKYJIbTHBALMH HbUIALICH
[TOBEPXHOCTH 30J100TBAJIOB.

B crarbe mpencraBieHbl pe3ylbTaThl MCCIEAOBaHHS (DPU3MKO-TEXHUUECKUX XapaKTEPHCTHK BSDKYILIETO
Ha OCHOBe OWMTyMa W 3ojouuiakoB. McciemoBaHue oOpa3noB CHCHONB30BAaHHEM OHMTYMO30JIONLIAKOBOTO
BSDKYIIETO MOKa3ald, YTO OHH OTBEUYAIOT TpeOoBaHMsIM HopMaTHBHBIX nokyMeHTOB (CT PK 1225-2013) u
HMMEIOT CIIEAYIOLINE XapaKTePUCTUKU: Mpeaea MPOYHOCTH MpH ckaTuu (depes 28 cytok npu 20°C) - 2.1
MIla; npenen npounoctu npu cxkaruu (uepe3 30 munyt nipu 50°C) - 1.9 MIla; cpeansisi mI0THOCTD - 2.38Kr/
M3 1 BogonomomeHue - 2.1%. Pazpaborana TexHOIOTHs NOTy4YeHHUsI OMTYMO30JIONUIAKOBOTO BSKYILIETO JUIs
YCTPOMCTBAa OCHOBaHMI aBTOJOPOT U ONpENENCHbl €€ OCHOBHBIC MapaMeTphl(BUI M COACpKaHHE OUTyMa B
BSDKYILIEM, BpeMsl IEpEMELIMBAHUS B CMECHTEJIE U TUIOTHOCTh OUTYMO30JIOLIIAKOBOTO TECTA).

PazpaboTrana TexHOIOTHs MPOBEJCHNSI OMOTEXHUUYECKOHN PEKYIBTUBALIMH 30JI01IAKOB C UCIIOIb30BaHHUEM
HOBBIX (PM3MONOTMYECKH AKTHBHBIX IPENapaToB-CTUMYJSTOPOB POCTa PACTeHU W3 OypbIX yIJIeH,
o0ecreunBaroIas MoJaBJIeHNUE MbLUTH, UCXOSILIEH ¢ MOBEPXHOCTH 30JIONUIAKOBBIX 0TBajioB. [Ipu ckopoctu
BeTpa— 2-10 M/cek KoJIMYEeCTBO BBIICISCMON MBI YMEHBIIMIOCH Ha 85%. Ornpe/eneH cocTaB npenapara-
ajlanTorena ajsi 00pabOTKU CEMEHHOTO MaTepualia TUKOpacTyIuX pactenuil. OcyuecTBnén nogdop copToB
JUKOPACTYIIIMX PAacTEHUH HEMOCPE/ICTBEHHO B MECTax pPacIojOKEHHUs OTBAJIOB 30J0HUIAKOB. OmnpenesneHo
BpeMs 3aJ€KKH U CYIIKH CEMEHHOro Marepuaja JUKOpAcTyIIMX pacTeHuil nepen moceBoM. Ha cramguu
OHTOTeHE3a 3eJIEHON MACChI ONPeIEIeHbl ONTHMAJIbHBIE PEKUMBI OIIPBICKHBAHUS paCTBOPOM Ipenapara JJis
OypHOTro pocTa pacTeHH IIPU OTCYTCTBUH BJIard.

Ki1ioueBble c0Ba: TEXHOJIOTHS, 30JI0ILIAKH, (DU3NKO-XUMHUECKUE CBOMCTBA, BSDKYILEE, 30J00TBAJ,
OMOTEXHUYECKAs! PEKYJILTUBALIHSL.
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