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AHHOTAIIUS

B ycnosusix cospemennoti menoenyuy cmpoumenbCmeda MycopoCiHCULaAmenbHbIX 1eKmpocmanyutl 60 Bbemname, ucciedosanus, nanpas-
JIEHHble HA pewierie npooiemMbl YMUAUIAYUYU UX 30JOULTIAKOBbIX OMX0008, HE0OX0OUMbL 0I5l CO30AHUSL IKOHOMUKU 3AMKHYMo2o yukia. Kpome
mMoeo, Maccosas dobbINA NPUPOOHO2O KEAPYEB020 NeCKA He2amusHO GIuUsem Ha IKOIOSUYEeCKYIo cumyayuio 6 cmpane. Haubonee peanvnvim
6bIXO0OM U3 CKAAOBIGAIOWEICS] CUMYAYUL NPeOCMAGIACMCsL UCNOAb308AHUE 8 KAYECMEEe MEIKO20 3aNOIHUMEIs UCKYCCMEEHH020 necka. Lle-
JIb10 OAHHO20 UCCIeA08AHUsL ObLIO NOLYYEHUE MANCEL020 OEMOHA C UCNONIb308AHUEM 30I0OULIAKOBLLX OMX0008 MYCOPOCIHCULAMENLHOL INEK-
MpoOCMaHyuy U UCKYCCMEEHHO20 neckd. B cmamve npedcmasnenvt pezyibmamol IKCNEPUMEHMANbHBIX UCCIEO08AHUL UCNONIb3068AHUSL 30~
JIOUWIAKOBBIX OMX0008 Mycopocicucamenvhou snexmpocmanyuu «I pun Cmapy 0ns nonyyenust msiiceno2o 6emona. B kauecmee cvipvbesvix
Mamepuanos Onsi NOAyYeHust bemona Ovliu Ucnoab306anvl nopmianoyemenm muna LJEM [ 42,5 H 3a600a «bym Cony, uckyccmeenuwiil
Necox, NOJIYYeHHbII OpOOIeHUeM U36ECMHSKA, U3BECMHAKOSbI webeHb Gpakyuu 5 + 10 MM, 301a-yHOCA, MOHKOMOLOMbIL OOHHBLU ULTAK,
KepamuiecKkuii NOpoOuLoK 1 8000pedyyupyiowuil cynepnaacmuguxamop. Pezyromamol ucciedoganuii nokazanu 603mMoHCHOCHb UCNONIb306A-
Hust 00 20% macc. 301b1-yHOCA U MOHKOMOIOMO20 OOHHO20 WilaKa Ol U320MoGaeHusi msdiceno2o b6emona. Ilonyuennas bemounas cmeco
umeem xopouyio y0060yKiaobl8aemocms, ee NOOBUNCHOCHb N0 ocade Kouyca cocmasisiem om 15 oo 20 cm, a npounocms Ha cocamue
3ameepoesuieco bemona uepes 28 cymok cocmasnsem bonee 40 Mlla. Ilonyuennvie pe3yibmanmvi OMKPbLEAIOM WUPOKUE NEPCHEKMUGHL UC-
NOIb306AHUSL 30IOULLAKOBLIX OMX0008 MYCOPOCIHCULAMETLHOL JAEKMPOCMAHYUY 8 Cmpoumenbcmee 60 Bbemname.
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ABSTRACT

Under the current trend of construction of incinerator power plants in Vietnam, research aimed at solving the problem of utilization of
their ash and slag waste is necessary to create a closed-cycle economy. In addition, mass extraction of natural quartz sand negatively affects
the ecological situation in the country. The most realistic way out of this situation is the use of synthetic sand as a fine aggregate. The purpose
of this study was to obtain heavy concrete using ash and slag waste from incinerator power plant and artificial sand. The article presents the
results of experimental research on the use of ash and slag waste from the Green Star incinerator for heavy concrete. Portland cement type
CEM 142,5 H of “But Son” plant, the synthetic sand obtained by limestone crushing, limestone crushed stone of 5 +~ 10 mm fraction, fly ash,
the finely ground bottom slag, the ceramic powder and water-reducing superplasticizer were used as raw materials for concrete production.
The results of research showed the possibility of using up to 20% wt. % of the fly ash and the finely ground bottom ash for the production of
the heavy concrete. The received concrete mixture has good workability, its mobility on cone settlement makes from 15 to 20 cm, and com-
pressive strength of hardened concrete after 28 days makes more than 40 MPa. The obtained results open wide prospects for the use of ash
and slag waste from incinerator in construction in Vietnam.
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BBEJEHUE

B nactosmee Bpems Bo BreTHame mmeetcs psam dddex-
THUBHO AEHCTBYIOUINX JICKTPOCTAHINHN, UCTIONB3YIOMINX B Ka-
4yecTBe ToIuuBa Mycop. Kak mpuMep MOXKHO MPUBECTH JJIEK-
tpocranuuo «Cok Con» B XaHoe, CIIOCOOHYIO yTHIIU3HPOBAThH
4000 1. 0TXO/I0B B IeHb U TeHepupoBaTh 75 MBT anekTposHep-
ruy, 35exkrpocraniuio «Bune Tan» B npoBuHiuy bune Tyas,
cxwuraroinyo B gesb 600 T. mycopa u BelpabaTsiBatoiryto 30
MBT snektposneprun, snekrpoctanumio «®y Hunp» B mpo-
BuHImn Py Txo, ¢ exxeqHeBHBIM noTpedneHneM 500 T. oTxo-
JIOB ¥ IIPOU3BOJACTBOM 25 MBT 31€KTposHEpPrun, a TakkKe My-
COpoCKHraTeNpHyto 3ekTpocTanimoo «Ky Yn» B ropoae Xo-
LIIMMMH, C JHEBHOW MPOU3BOAUTENLHOCTEIO 50 MBT 3nektpo-
sHepruu U yrummsamnueit 1000 1. orxomos [1-3].

B navane 2023 rozxa B npoBuHuuu bakHuHb oduimanbHO
BBEJICH B SKCIUTyaTal[UIo IIEPBBINA B 3TOM MPOBUHIIUH 3aBOJ 10
nepepaboTKe TBEPABIX OBITOBBIX M IPOMBIIIJIEHHBIX OTXO/IOB C
LENbI0 BBIPAOOTKH DJIEKTPOIHEPIHH, TAKKE W3BECTHBIM Kak
MycopornepepabarsiBatomas anektpocranius «I'pun Crap»
(“Green Star” - GCEP), ¢ npousBoautenbHOCThIO 180 T. 0TXO-
JIOB B JICHb 1 BbIpa0b0TKO# 6,1 MBT anektposnepruu [4-6].

OnHako 3JEeKTpOCTaHNuUs, padoTaroInas Ha OTXOHaxX, BbI-
OpachIBaeT B OKPY’KalOILyI0 cpery OOIbIIOe KOJINIECTBO 30JIbI
U IIJIaKa, 00pa3yoMXcs B pe3yabTaTe cxuranus mycopa. Co-
TJIAaCHO OTYeTy aKmuoHepHoW kommanmmu “Thien Y
Environmental Energy” o0pem oOpa3yrommuxcs Ha Mycopo-
cxuratenbHoi TOL «Ilokmion» 3056l U IUIaKa COCTABJISET
okojo 260 000 T. B rof, a yNOMsHyTas MyCOPOCKUTaTeIbHas
anekTpocTanuus «I'pun Ctap» exeaHEBHO TeHEpUPYET OKOJIO
20-30 T. 30monuIakoBeIX 0TX0/10B [7]. TloaToMy nouck myTei
YTUIM3aIMK 30J1 U IIJAKOB MYCOPOCIKUTATENBHBIX 3JIEKTPO-
CTaHIMHU JUIS CHYD)KEHHS MX OTPHLATEIHHOTO BO3JECHCTBHS Ha
OKPYXAIOIIyI0O Cpeay SIBISETCS Ha CETONHSIIHMN JeHb JUIS
BreTHama akTyanbpHOI MpoOIeMoi, TpeOyromel penIcHus.

Hcnons30BaHme 30JIbHBIX OCTaTKOB B KadecTBE J100aBKH
IIPY IPON3BOJICTBE OETOHOB ITO3BOJISIET PEIIATh HE TOJIBKO SKO-
JIOTUYECKHE TIPOOIIEMBI, HO M TTO3BOJIAET YIy4IIaTh SKCILTyaTa-
[MOHHBIE CBOMCTBA CTPOUTEIBHBIX MaTepuaos [8-10].

Cnpoc Ha TPUPOJHBIA KBAPIIEBBIN MECOK JJISI CTPOUTENb-
cTBa BO BrerHame orpomeHn. [Ipu 3ToM, TeMmsl ero JOOBIYH,
BKJII0Yas HeJerajlbHble, TaKke BeIUKH. [lo3ToMy MecTopoxke-
HHS IPUPOJTHOTO MeCKa CTaHOBATCS Bce Oouee NepUIUTHBIMHU,
a caM KBapIIeBBI MIECOK Bce Oosiee JOPOTHUM, H B CKOPOM Bpe-
MEHHU TPOTHO3UPYETCS] BOSHUKHOBEHHE CHTYaIlMH OCTPOH He-
XBaTKH TeCKa KaK AJIsl CTPOUTENbCTBA, TaK U ISl IPOU3BOACTBA
CTPOMTENBHBIX MaTepuanoB. Kpome Toro, maccoBas U 3aya-
CTYI0 HE3aKOHHas J00bI4a IPUPOJHOIO KBApLEBOTO MeECKa
HETraTHUBHO BJIMSAET Ha JKOJOTMYECKYIO CUTyallMI0 B CTpaHe.
Haubonee peanbHBIM BBIXOJOM W3 CKJIA/IBIBAIOIIEHCS CHUTYya-
IIUH TPEACTaBIIETCS] HCIOIh30BAHNE B KaUECTBE MENKOTO 3a-
MIOJTHUTENS MCKYCCTBEHHOTO IECKa, MOJIYYCHHOTO IMyTeM H3-
MEJTbYECHHUS TOPHBIX MOPOJ], PEYHON U MOPCKOM TaIIbKH, a TAK)Ke
GETOHHOTO JIOMa CHECCHHBIX 3[aHuii u coopyxkenwuii [11-15].

IToTenmnmansHBIE BO3MOXKHOCTH IIPOHU3BOCTBA IPOOICHOTO
necka BO BreTHaMe OrpoMHbI, OCKOJIbKY MUHEpAJIbHBIE pe-
CYPCHI ISt 3TOTO, 0COOEHHO M3BECTHSIK M TAJIbKH, PacpocTpa-
HEHbI BO MHOTUX MPOBUHIHUAX cTpaHbl. OTHAKO MPOU3BOJACTBO
Y WCIIOJIb30BaHKE JIPOOJICHOTO IeCKa B CTpaHe elle He IOITy-
JISIPHO U IO CUX MOP OCTAETCS MHOTO CJIOKHOCTEH U3-3a OTCYT-
CTBHSI CHHXPOHHOT'O YIIPaBJICHUS MPOLECCOM AOOBIYH IPUPOI-
HOTO TIECKa, OTCYTCTBHS HEOOXOIUMOTO  KOJIMIECTBA
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INTRODUCTION

Currently, there are a number of efficient power plants
in Vietnam that use garbage as fuel. Examples include the
Soc Son power plant in Hanoi, which can utilize 4,000
tons of waste per day and generate 75 MW of electricity,
the Vinh Tan power plant in Binh Tuan province, which
burns 600 tons of garbage per day and generates 30 MW
of electricity, the Phu Ninh power plant in Phu Thong
province, and the Phu Ninh power plant in Phu Thong
province. waste and generates 30 MW of electricity, Phu
Ninh power plant in Phu Tho province, with a daily con-
sumption of 500 tons of waste and generation of 25 MW
of electricity, and Cu Chi incineration power plant in Ho
Chi Minh City, with a daily capacity of 50 MW of elec-
tricity and utilization of 1,000 tons of waste [1-3].

In early 2023, the province's first municipal and indus-
trial solid waste-to-energy plant, also known as the Green
Star waste-to-energy plant (GCEP), with a capacity of 180
tons of waste per day and generating 6.1 MW of electric-
ity, was officially commissioned in Bac Ninh Province [4-
6].

However, the waste-to-energy plant emits a large
amount of ash and slag into the environment as a result of
burning garbage. According to the report of Thien Y En-
vironmental Energy Joint Stock Company, the amount of
ash and slag generated by Shokshon waste incineration
power plant is about 260,000 tons per year, and the men-
tioned Green Star waste incineration power plant gener-
ates about 20-30 tons of ash and slag waste daily [7].
Therefore, the search for ways to utilize ash and slag from
incinerator power plants to reduce their negative impact
on the environment is currently an urgent problem for Vi-
etnam that needs to be solved.

The use of ash residues as an additive in concrete pro-
duction allows to solve not only environmental problems,
but also allows to improve the operational properties of
construction materials [8-10].

The demand for natural silica sand for construction in
Vietnam is huge. At the same time, the rate of extraction,
including illegal extraction, is also high. Therefore, natural
sand deposits are becoming more and more scarce and sil-
ica sand is becoming more and more expensive, and a sit-
uation of acute shortage of sand for both construction and
building materials production is predicted in the near fu-
ture. In addition, massive and often illegal mining of nat-
ural quartz sand has a negative impact on the environmen-
tal situation in the country. The most realistic way out of
this situation is the use of artificial sand as fine aggregate
obtained by grinding rocks, river and sea pebbles, as well
as concrete scrap from demolished buildings and struc-
tures [11-15].

The potential for crushed sand production in Vietham
is huge, as mineral resources for this purpose, especially
limestone and pebbles, are common in many provinces of
the country. However, the production and utilization of
crushed sand is not yet popular in the country. There are
many difficulties due to lack of synchronized management
of natural sand mining process. There are no necessary
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JOKYMEHTOB, PETTIaMEHTHPYIOLIHX IPOU3BOJCTBO U UCIIONB30-
BaHUE IPOOJICHOTO Iecka B OETOHAX W CTPOUTEIBHBIX PACTBO-
pax, a TakkKe JIroT NPEANPHATHAM, 3aHUMAIOIIUXCS 3T OTOB-
JICHWeM TOHO00HBIX MeckoB. [1o3ToMy HEOOXOIMMO TpEeATIpH-
HATb YCHIIVA U YCTPAHEHHS IIPUYUH, MPEIATCTBYIOIUX YBe-
JMYEHUIO POU3BOJCTBA M 00Jiee IIMPOKOMY HCIIOIb30BAHHIO
B CTPOMTENBCTBE IPOOJIEHBIX IECKOB B3aMEH IPHPOIHOTO
kBapuesoro [16, 17]. Hanpumep, UCKYCCTBEHHBIH IECOK, I10-
Jy4eHHBIH pobieHueM u3BecTHsKa. Kak mokasaHo MOJOTHIH
M3BECTHIK MOXKET YJIy4IlaTh PEOJIOTHYECKUE XAPAKTEPUCTHKH
neMeHTHBIX TacT [18,19] u MoXeT ¢ ycrmexoM HUCIoTb30BaThCs
B cocrase OeroHa [20,21].

Ienabio JaHHOTO HCCaeI0BAHUSA OBUIO TIOMYYCHUE TSDKE-
J0ro GETOHA ¢ MCIIOJIb30BAHMEM IPEUMYIIECTBEHHO MECTHBIX
BBETHAMCKUX MaTepHAJIOB, TAKUX KaK 30JIOIIIAKOBEIE OTXOIbI
MYCOPOC)KUTaTeIbHON IEKTPOCTAHIIMN M HCKYCCTBCHHBIH Ie-
COK Ha OCHOBE M3BECTHSIKA.

MaTepI/laJ'IbI M METOAbI HCCJICA0OBAHUSA
I/ICHOJ'IB3yeM])le MaTepuaJjbl

B pabote ObUIH HCTIONIB30BaHbI CICAYIOIINAE CHIPHEBBIC Ma-
TepHabl.

1. Hoptaananement (L) Tuma IIEM 142,5 H (PCB40) mpo-
u3BocTBa 3aBoga «byr Con» (BreTHaM) ¢ MCTHHHOH IITOTHO-
creio 3,15 r1/M% cooTsercTByromuii Tpebopanusm I'OCT
31108-2020 u BretHamckoro cranmapra TCVN 2682:20009.
Munepaorudeckuii cocTaB u (U3NKO-MEXaHHIECKUE XapaK-
TEPUCTHUKH UCTIOIB30BaHHOTO MIOPTIaHAIIEMEHTA IPUBEICHBI B
Tabmuue 1.

documents regulating the production and use of crushed
sand in concrete and mortar. There are no incentives for
enterprises engaged in the manufacture of crushed sand.
Therefore, efforts should be made to address the reasons
that hinder the increase in production. Crushed sand
should be used more widely in construction to replace nat-
ural quartz sand [16, 17]. For example, artificial sand ob-
tained by crushing limestone. As shown ground limestone
can improve the rheological characteristics of cement
pastes [18,19] and can be successfully used in the compo-
sition of concrete [20,21].

The purpose of this study was to produce heavy con-
crete using mainly local Vietnamese materials such as in-
cinerator ash and limestone-based synthetic sand.

Materials and methods of research
The materials used

The following raw materials were used in this work.

1. Portland cement (PC) type CEM | 42.5 H (PCB40)
produced by But Son plant (Vietnam) with a true density
of 3.15 g/m?, meeting the requirements of GOST 31108-
2020 and Vietnamese standard TCVN 2682:2009. Miner-
alogical composition and physical and mechanical charac-
teristics of the used Portland cement are given in Table 1.

TABJIAIA 1. MUHEPAJIOTUYECKHA COCTAB U ®U3UKO-MEXAHUYECKUE XAPAKTEPUCTUKH

HOPTJAHAINEMEHTA HEM I 42,5 H

Table 1. Mineral composition and physical and mechanical characteristics of Portland cement CEM 1 425 H

MunepaJjiornyeckuii cocras, % macc.
Mineral composition, % Hopmaabnasi |Cpoku cxBaTbiBanusi, MuH. | [Ipounocts Ha cxaTue, MIla
rycrora, % Setting times, min Compressive strength, MPa
Normal
G5 €25 CaA CsAF | np. density, % HauaJio Konen 2 CyT. 28 cyT.
Beginning End 2 days 28 days
58,2 | 234 3,2 12,4 2,8 29,3 120 262 27,4 50,5

2. Uckyccrennblit necok (UIT), momydeHHsIH myTeM po0-
JIEHUs] U3BECTHSKA, T0ObIBaeMoro B kaphepe Kuen Kxe, B mpo-
BUHIIMK XaHaM, UMeJI pa3Mep 3epeH, aHaJOTHYHBIN pa3Mepy 3e-
PEeH MPHUPOIHOTO KBAapIEBOI'O MECKa, U COOTBETCTBOBAI MPEIb-
SBJISIEMBIM K HEMY TPEOOBaHMUSM 110 (PM3MKO-MEXaHUUECKHUM I10-
ka3zaressaM. [1oryueHHbIH NecOK MOXKHO CMEIINBATh B COOTBET-
CTBYIOLIMX MPONOPLUHUAX C MPUPOAHBIM MECKOM IPU U3TOTOBIIE-
HUH OETOHOB M CTPOUTENBHBIX PACTBOPOB (PUCYHOK 1).

[omyuennslii mecok coorBercTBoBan TpedosanusiM ['OCT
8736-2014 u BretHamckoro crargapra TCVN 7570:2006 u ero
(hM3MKO-MEeXaHNYECKHe TIPEICTaBICHBI B Ta0IuIE 2.

3. KpymnHsIii 3a110THUTENb IPEACTaBIIAI CO00H meOeHb U3 13-
BecTHsAKa (I11) ppaxmmu 5 + 10 MM, HICTUHHOH MIIOTHOCTHIO 2,65
r/cM® 1 HACBIITHOM IJIOTHOCTBIO B YINIOTHEHHOM COCTOSHUM 1540
kr/M® u yjoBsetBopsn Tpebosanusam TOCT 8267-93 u BreTHAM-
ckoro crangapra TCVN 7570:2006.

4. 3oma-yHoca 1 TOHKOMOJIOTBIN JOHHBIH [ITaK MyCOPOCIKHU-
rarenbHoi anekrpoctannuu «'pun Ctap».

2. The synthetic sand (SS) obtained by crushing
limestone from Kien Khe quarry in Ha Nam province
had a grain size similar to that of natural quartz sand and
met the requirements for physical and mechanical prop-
erties. The obtained sand can be mixed in appropriate
proportions with natural sand in the production of con-
crete and mortars (Figure 1).

The obtained sand met the requirements of GOST
8736-2014 and Vietnamese standard TCVN 7570:2006
and its physical and mechanical are presented in Table
2.

3. The coarse aggregate was crushed limestone (Sch)
of fraction 5 + 10 mm, true density 2,65 g/cm3 and bulk
density in compacted state 1540 kg/m3 and met the re-
quirements of GOST 8267-93 and Vietnamese standard
TCVN 7570:2006.

4. The fly ash and the finely ground bottom ash from
the Green Star incinerator.
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a). 3oma ynoca (3Y) (pucyHok 2a) cobupaercst HEmocpen- a). Fly ash (FA) (Figure 2a) is collected directly from
CTBEHHO M3 IBIMOXO0JIa MyCOPOCKHUTATENLHOTO TipeanpusTis ue-  the incinerator chimney through a bag filter system [22,
pe3 cucTeMy pyKaBHBIX GriIbTpoB [22, 23]. 23].

0). Jounsri nmurak (I1I) mo momomna - 3epHUCTHIH, TOPUCTHIN U 6). The bottom ash (BA) before grinding is granular,
HEepaBHOMEPHBIH 110 pa3Mepy, TO3TOMY OH OBLI IIOIBEPTHYT TOH-  POrous and uneven in size, so it was subjected to fine
KOMY M3MEJILYEHHIO B IApOBOW MeJIbHUIIE (PUCYHOK 20). grinding in a ball mill (Figure 2b).

PUCYHOK 1

KPYIHBIA JPOBJEHBIA NECOK M3
M3BECTHSIKA KAPBEPA Kuen Kxe
(mpoBuHuus Xanam, BoeTHam)

Figure 1

Coarse crushed sand from Kien Khe lime-
stone quarry (Ha Nam Province, Vietnam)

TABJINIA 2 - DU3UKO-MEXAHUYECKHUE CBOMICTBA JAPOBJIEHOTI'O NECKA U3 U3BECTHSIKA
KAPBEPA Kuen Kxe
Table 2 - Physical and mechanical properties of crushed sand from Kien Khe limestone quarry

EauHunb!
Ne CeoiicTBa H3MeEpEeHUs 3HaueHHUs MOKa3aTeJel
n/n Properties Units of Values of indicators
measurement
1 Monynb KpynHOCTH ) 311
Modulus of Coarseness '
2 I/ICTI/IHHaﬂ- IIJIOTHOCTh r /CM3 27 65
True density
3 HaCBIHHaSI- HJ'I.OTHOCTI) B yl'IJIOTHe.HIHOM COCTOsIHUH I /CM3 1, 5 4
Bulk density in compacted condition
IlycroTHOCTB o
4 Void density & 366
5 CopneprkaHue MBUIH, TIHHBI U APYTHX IpUMeceit % 125
Content of dust, clay and other additives '
PUCYHOK 2

30J1a-yHOCa W JOHHBIH NLIAK MYCOPOCKHIa-
TeabHOI iekTpocTanuun «'pun Crap»:

(a) — 30J1a -yHoCa;

(6) — TOHKOMOJIOTBIii TOHHBIH HIJIAK

Figure 2

Fly ash and bottom slag from the incinerator a(a)
power plants:

(a) - fly ash;

(b) - finely ground bottom ash

Hcnonp3oBaHHbIE 30J1a-yHOCA W TOHKOMOJIOTHIH JOHHBIN The used fly ash and the fine ground bottom ash met
nuak coorBercTBoBas TpeboBanmsmM ['OCT P 56196-2014, the requirements of GOST R 56196-2014, GOST 25818-
IF'OCT 25818-2017 wu Bsernamckoro crangapra TCVN 2017 and Vietnamese standard TCVN 10302:2014.
10302:2014. Physical and mechanical properties and chemical

Du3nKo-MexaHMYEeCKHE CBOMCTBA W XHUMHU4YecKHuil coctaB composition of the fly ash and the fine ground bottom
30JIbI-yHOCa ¥ TOHKOMOJIOTOT'O JJOHHOTO Iulaka mycopocxkwura- ash from the incineration plant “Green Star” are pre-
TenbHOM anekrpoctannuu «I'pun Crapy» npencrasiensl B Tabau-  sented in Tables 3 and 4.
max 3 u 4.
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TABJIAIIA 3 - PU3UKO-MEXAHUYECKHAE CBOMCTBA 30JIbI-YHOCA 1 TOHKOMOJIOTOT'O

JOHHOI'O IIIVTIAKA
Table 3 - Physical and mechanical properties of the fly ash and the fine ground bottom ash
PesyabTaThl HenbITaHUHI
Enununs Testing results
Ne IMoka3zatean H3MepeHust
/m Indicators Units of measure- 3oaa-yHoca ToHKOMOIOTBIH NOHHbIH
ment Fly ash NJIAK
Fine ground bottom slag
1 BrnaxnocTtb % 05 45
Humidity ' '
2 Hctunnas TI0THOCTD Hem® 235 295
True density
3 Hacwimnas TIOTHOCTh Ko/ 1570 1485
Bulk density
4 Y,Z[GJ'ILHa_?[ _HOBG]I)XHOCTL CMZ/F 2850 3600
Specific surface
5 Cpenuuii pasmep 1acTu MEM 715 4,39
The average particle size

TABJIAIIA 4 - XUMUYECKHA COCTAB 30.JIbI-YHOCA 1 JJOHHOI'O IIIJIAKA

Table 4 - Chemical composition of fly ash and bottom slag

CopepxaHue 0KCHI0B, % Macc. Iotepu npu
Komnonent Oxide content, % wt. NPOKATMBAHUU
Component Losses during
SiO2 Al2O3 Fe20s3 Na20 K20 CaO TiO2 IIpoune calcination
3oma-yHoca 28,2 115 16,4 37 2,4 28,1 2,1 3,1 4,5
Fly ash
JIOHHBIH 1Ak 54,2 23.0 8,5 2,5 2.1 15 0,6 34 4,2
Ground bottom slag

5. Kepammaeckuit mopomok « TOTO» (KIT). B mpomecce mpo-
M3BOJICTBA CAHTEXHNYECKHX KEPAMUYECKUX M3JENNH, TAKUX KaKk
YMBIBATBHUKH, BaHHBI B YHUTa3bl Ha 3aBose « TOTO» (XaHoit)
exxeMecsaHOo 00pasyetcst okoio 2000 T. TBEPIBIX OTXOJIOB, B OC-
HOBHOM B BHuje Opaka, 3arps3HSIONIMX OKPYXKAIOIIYI0 Cpery.
Ji1st 60pBOBI C 3TUM HETATUBHBIM SIBIIEHUEM OpaKOBaHHbBIE H37e-
TSI TIOABEPTAIOT APOONIEHUIO, B PE3yJIbTaTe Yero MOIyqaloT Ke-
pamuueckuii mopomok « TOTO» ¢ pazmepom gactun 0,1+0,5 M.
JlaHHBIH TOPOIIOK OBUT UCTIONB30BaH B KA4eCTBE HHEPTHON MH-
HepanbHOW 100aBKU JUIS YIUIOTHEHHS CTPYKTYPHI TsKenoro Oe-
TOHA.

6. Cynepmiactudukarop (CII) tuna G toprosoit mapku SR
5000F npown3zBoacTBa BbeTHAMCKOTO (prmaia kommanuu “Sika”
(IlIBefiapust) coorsercTBOBaI TpeboBanusMm ['OCT 24211-2008
u BeeTHaMcKkoro cragaapra TCVN 8826:2011. Oro cynepmia-
CTH(UKATOP Ha OCHOBE MOJIMKApOOKCHIIATHOTO 3(hUpa C IUIOTHO-
CTBIO BOIHOTO pacTBOpa paboueii konuenTpauuu 1,12+0,2 r/cm®
1 BOJIOpEIyIUPYIOIEH criocoOHOCTRIO TIopsiaka 20+30%.

7. BomonpoBomHas Bona (B), ucmonb30BaHHAs B KauecTBE
BOJIBI 3aTBOPEHMS JUIA MOJy4deHHs OETOHHOW CMECH, COOTBET-
cteoBasia Tpeboanmsm ['OCT 23732-2011 m BBETHAMCKOTO
craaaapta TCVN 4506:2012.

5. TOTO Ceramic Powder (KP). During the produc-
tion of ceramic sanitary ware such as washbasins, bath-
tubs and toilets at the TOTO factory in Ha Noi, about
2000 tons of solid waste, mainly in the form of rejects,
are generated every month, polluting the environment.
To combat this negative phenomenon, the rejected prod-
ucts are crushed to produce TOTO ceramic powder with
a particle size of 0.1+0.5 mm. This powder was used as
an inert mineral admixture to compact the structure of
heavy concrete.

6. Superplasticizer (SP) type G of trade mark SR
5000F produced by the Vietnamese branch of the com-
pany “Sika” (Switzerland) met the requirements of
GOST 24211-2008 and Vietnamese standard TCVN
8826:2011. It is a superplasticizer based on polycarbox-
ylate ester with density of aqueous solution of working
concentration 1.124+0.2 g/cm3 and water-reducing abil-
ity of 20+30%.

7. The tap water (W) used as mixing water for con-
crete mixture was in accordance with the requirements
of GOST 23732-2011 and Vietnamese standard TCVN
4506:2012.
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3KC]’[epﬂMeHTaJIbele METOAbI

[IpoexTHpoBaHre COCTABOB OETOHHBIX CMeceH TsDKEIoro Oe-
TOHA MPOBOJAMJICS HA OCHOBAaHMH TEXHUUECKHUX yKa3aHUH MuHH-
CTEpCTBA CTPOUTENHLCTBA BheTHaMa 110 BEIOOPY cOCcTaBOB OeTOHA
BCeX THUIOB [24].

[ToaBr>KHOCTE OETOHHBIX CMEcel ONpeAeNsiIM MO OcalkKe
HOPMAaJILHOTO KOHyca AOpamMca B COOTBETCTBUH C BLETHAMCKUM
crangaptoM TCVN 3106:2022 (pucyHok 3), a WX CPEIHIOO
mw10THOCTh — o TCVN 3105:1993 u TCVN 3108:1993.

CpeHIOI0 TUIOTHOCTh B CYXOM COCTOSIHUM OETOHHBIX 00pa3-
OB B BO3pacTe TBEpHeHUSI 28 CYTOK ONpeneisuid B
COOTBETCTBHH ¢ BheTHaMCKUM cTangapToM TCVN 3115: 1993, a
WX BOJIOTIOTJIONICHUE IT0 Macce B TOM ke Bo3pacte - mo TCVN
13930:2024.

IIpourOCTE Ha cxaTHEe OETOHHBIX 00Pa3IOB-KyOOB pazMepoM
100x100x100 MM B pa3HOM BO3pacTe TBEPIACHUS ONPENEISUIN Ha
YHHMBEpCAJIbHON HcHbITaTedbHOM ycTaHoBKe “ADVANTEST 9~
(Mranust) co ckopoctbio Harpyxenus 500 H/c cornmacuHo tpe6o-
BaHIM BbeTHaMckoro cragaapra TCVN 3118:2022. IIpu atom,
JUISL UCTIBITAHUH Ka)KAOTO M3 IATH COCTABOB TSDKENOro OeToHa
MCIIOJIb30BAJIM TPH YKa3aHHBIX 00pasia. [Tocie hopmoBanus 00-
pasibl TBEp/EIU B TEUEHHE CYTOK B (hopMax, a 3aTeM U3BJIEKa-
TMCh U3 (OPM U MOTPY’KAIHCh B PE3epByap ¢ BOJOH, B KOTOPOM
MPOXOJMIO WX JaJbHEWINee TBEPACHHE OO NOCTHXKCHUS BO3-
pacra HCTIBITaHHUS.

PUCYHOK 3

ONPEJEJEHUME IIOABUKHOCTH BETOHHOM
CMECH I10 OCAJKE KOHYCA

Figure 3

Determination of concrete mix mobility by cone settle-
ment

JKCIepuMeHTBI U 00CyXKIeHHne pe3ya1bTaToB

Paccunrannblie cOCTaBbl OETOHHEBIX CMECEH TSKEIoro Oe-

Experimental methods

The design of the heavy concrete mixes was carried
out based on the technical guidelines of the Vietnamese
Ministry of Construction for the selection of concrete
mixes of all types [24].

The mobility of the concrete mixtures was deter-
mined by Abrams normal cone slump according to Viet-
namese standard TCVN 3106:2022 (Figure 3), and their
average density was determined according to TCVN
3105:1993 and TCVN 3108:1993.

The average dry density of concrete specimens at the
age of curing 28 days was determined according to the
Vietnamese standard TCVN 3115: 1993, and their water
absorption by weight at the same age - according to
TCVN 13930:2024.

The compressive strength of concrete cube speci-
mens of 100x100x100 mm in different curing ages was
determined on the universal testing unit “ADVANTEST
9” (Italy) with a loading rate of 500 N/s according to the
requirements of Vietnamese standard TCVN 3118:2022.
At the same time, three specified specimens were used
for testing each of the five heavy concrete compositions.
After molding, the specimens were cured for a day in the
molds and then removed from the molds and immersed
in a water tank, where they were further cured until they
reached the test age.

Experiments and discussion

TOHa IIPUBEICHBI B TabuIe 5.

[TonBm>KHOCTE OETOHHBIX CMECEH, XapakTepuzyemas
0Ca/IKOif KOHyCa, M HMX CPEIHIOI TUIOTHOCTH ONpPEIeIIsU
cpa3sy nocie ux nonydeHus. CpeHIO0 MIOTHOCTh B CYXOM
COCTOSIHUH TIOJTyYCHHbIX B PE3YJIbTATe X 3aTBEPICBAHUS TsI-
JKeJIbIX OETOHOB M MX BOJOMOIJIOUICHHE [0 MAacce Orpeje-
s B 28-cyTouHOM Bo3pacte TBepiaeHus. [IpouHOCTh Ha
ckaTHe 00pa3loB pPa3padOTaHHBIX TSDKEJBIX OCTOHOB M3Me-
psinu B Bo3pacte 1, 3,7, 14 u 28 cyTtok ux BepaeHus (TCVN
3118:2022. Bé tong).

Pe3ynbraThl AKCIIEPUMEHTAIBHBIX HCIBITAHUN Tpen-
cTaBieHbl B Tabaumax 6 u 7.
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The calculated compositions of the heavy concrete mix-
tures are given in Table 5.

The mobility of concrete mixtures, characterized by cone
settlement, and their average density were determined imme-
diately after their production. The average dry density of the
resulting heavy concrete and its water absorption by weight
were determined at 28-day curing age. The compressive
strength of the developed heavy concrete samples was meas-
ured at the ages of 1, 3, 7, 14 and 28 days of curing (TCVN
3118:2022. Bé tong).

The experimental test results are presented in Tables 6
and 7.



Technique and technology of silicates. Volume 31, No3, 2024

Taéauna 5 — COCTABBI BETOHHBIX CMECEM TSI’KEJIOIO BETOHA
Table 5 - Concrete mix compositions of heavy concrete mixes

CooTHolIeHUEe B CMecH
Ne 30JI0LILIAKOBBIX 0TX0/10B, % Pacxox MaTepuaJos Ha 1 M° GeTOHHOI cMecH, KT.
cocTraBa Ratio in the mixture of ash and Consumption of the materials per 1 m?® of concrete mixture, kg.
Composition slag waste, %
number 30a1a ynoca | Jlonnwnii muak | I KIT 3y J i 11 B (0l11
Fly ash Bottom slag C CP FA BS SS Z W SP
na-01 20 0 500 25 100 0 485 1015 185 6
na-02 15 5 500 25 75 25 485 1015 185 6
na-03 10 10 500 25 50 50 485 1015 185 6
nJa-04 5 15 500 25 25 75 485 1015 185 6
nJa-05 0 20 500 25 0 100 485 1015 185 6
I — mopTinaHALEeMeHT; UII — uCcKyCCTBEHHBIIT MIECOK; C - Portland cement; SS - synthetic sand;
KII — kBapueBblii 1eCoK; 11 — mebens; CP - ceramic powder; Z - crushed stone;
3V —301a yHoca; B - Boxa; FA - fly ash; W - water;
JIII — MOHHBIH IUTAK; CII — cymepruiacTuuKaTop BS - bottom slag; SP - superplasticizer

Ta6auna 6 - CBOMCTBA BETOHHBIX CMECEM U TSIKEJIBIX BETOHOB
Table 6 - The properties of concrete mixtures and heavy concretes

BogonorJionenne no macce
IInoTHOCTH GETOHHBIX 00pa3-
0EeTOHHBIX 00pa3LOB B BO3-
, .  |IIOB B CyXOM COCTOSIHHM B BO3-
Ocajgka KoHyca 0eTOHHOM IInoTHOCTH OETOHHOI pacrte TBepeHHs 28 CyTOK,
3 pacte TBepaeHusi 28 CyTOK, o
cMecH, cM cMecH, KI/M Kr/v® %0 Macc.
Ne Cone settlement of the con- |The density of concrete mix- The density of concrete sam- \Water absorption by weight
cocTaBa crete mixture, cm ture, kg/m?® . y of the concrete specimens at
Composition B _dry SRl A e EU5 9 the age of curing 28 days, %
e curing 28 days, kg/m? wi '
Cpennee Cpennee Cpennee Cpennee
3HaAYCHHue CTaHnapTHoe 3JHAYCHHE CTaH}IapTHOG 3HAYCHHUEC CTaHnapTHoe 3HAYCHHE CTa}mapTHoe
Average OTKJIOHeHHe | AvVerage | OTKJIOHeHHe Average OTKJIOHeHHe | AVerage | oOTKJIOHeHHe
value value value value
na-01 19 1,2 2298 4,1 2187 44 6,50 0,72
N-02 19 1,2 2305 4.0 2194 4,1 6,66 0,70
N1a-03 18 15 2324 42 2213 3,8 6,82 0,81
N1-04 17 15 2347 4,0 2236 44 7,15 0,80
na-05 16 1,4 2365 4.3 2254 3,9 7,24 0,76

Taoauua 7 - CPEAHUE SHAUYEHUS TIPOYHOCTHU HA CXKXATHUE OBPA3IOB TSKEJBIX BETOHOB
Table 7 — The average values of compressive strength of heavy concrete samples at different curing ages

IIpoyHOCTH Ha cxKaTHE 00PA3LOB Ts:KeI0r0 6eToHa, MIla, yepe3 cyTOK TBepAeHUs
The compressive strength of heavy concrete samples, MPa, after a day of hardening

Ne 1 cyTkn 3 cyTok 7 cyTok 14 cyrok 28 cyTok
cocraBa | Cpen- Crangapt- | Cpen- | Cranpapt- | Cpen- | Crangapr- | Cpen- | Cranpapt- | Cpen- | Cranagaprt-
Compositi| yee sua- | Hoe oTKIO- |Hee 3HA-| HOe OTKIIO- |Hee 3HA-| HOe OTKJIO- |Hee 3HA-| HOE OTKJIO- |Hee 3HAa-| HOE OTKJIO-
on nuMber| yenue HeHHue yeHune HEeHHe yeHune HEeHHe yeHue HEHHe yeHue HEHHe
Average Standard |Averagel Standard |Averagel Standard |Average| Standard |Averagel Standard
value deviation value deviation value deviation value deviation value deviation
na-01 6,3 1,1 17,5 15 31,1 1,3 40,4 1,8 448 2,3
na-02 6,6 1,1 18,4 1.4 32,7 1,3 42,4 1,9 47,0 2,2
MJ1-03 7,2 0,9 20,2 1,2 35,9 15 46,5 1,7 51,6 2,0
N1-04 6,3 1,1 17,6 1,2 31,3 15 40,7 1,8 451 1,8
N1-05 5,9 1,2 16,4 1,3 29,1 14 37,8 2.0 419 2,0

CBoiicTBa 0€TOHHBIX cMecel

ITony4yennble GETOHHBIE CMecH O0aaid Xopomie ymobo-
YKIaABIBAEMOCTBIO, YTO 06’[)5[CH$[€TC$[ BBCJICHHEM B 6CTOHHy}O
cMmech cyneprmiactudukatopa SR S000F B konmuectse 1,2% ot
Macchl [IEMEHTa.

B pesynbrare mpoBeneHHBIX UCCIEIOBAHUNA OBLIO YCTaHOB-
JICHO, YTO TPH W3MEHEHHH COOTHOILICHUS COJEPIKAHHS 30IIbI

yHOCa

u

TOHKOMOJIOTOI'O

JOHHOT'O

omjzaka B COCTaBC

Properties of co

ncrete mixtures

The obtained concrete mixtures had good workabil-

ity, which is explained by the

introduction of superplas-

ticizer SR 5000F in the amount of 1.2% of the weight of
cement into the concrete mixture.

Changing the ratio of the content of fly ash and fine
ground bottom ash in the composition of mineral admix-

ture at replacement of 20%

of the weight of cement
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WCTIOJIb30BaHHOM B KaueCTBE MUHEpATbHON JOOABKHA CMECH 30-
JIOIITAKOBBIX OTXOA0B B KostmaecTBe 20% OT MacChl IEMEHTA CY-
IIECTBEHHO MEHSIOTCS CBOWCTBA OETOHHBIX CMECEH W MOydeH-
HBIX B PE3YJIbTATE UX 3aTBEPACBAHUS OETOHOB, YTO OOBSICHIETCS
TEM, 4TO JOHHBIH IUIAK TI0 CPAaBHEHUIO C 30JI0i yHOCA UMeeT 00-
Jiee BBICOKYIO MIOPUCTOCTh U AucHepcHocTs. Kpome Toro, B 10H-
HOM IIUTaKe COAEP KaTCs MeTaJIMYeCKHe IPUMECH, IPUCYTCTBUE
KOTOPBIX OKa3bIBAaeT BIMSHHME HA CBOWCTBA KaK OCTOHHBIX CMe-
ceil, Tak 1 OSTOHOB, HalpUMEp, HA YBEIWYEHHE WX CpeIHei
IUIOTHOCTH.

Taxske ompenencHo, YTo MPH MOBBIIICHUH COJICPKaHHS TOH-
KOMOJIOTOTO JIOHHOTO MIJIaka B CMecH ¢ 303101 yHoca ¢ 0 mo 20%
OT Macchl IIEMEHTa MOABIXHOCTh OETOHHBIX CMECEH MO OCazKe
KoHyca cHmkaercs ¢ 19 mo 16 cm (tabmuma 4). OCHOBHO#H mpH-
YUHOMW 3TOTO ABJISAETCS TO, YTO U3-3a CBOEU BBICOKOM TOPUCTOCTH
1 OoubIIell yaeIpbHON MOBEPXHOCTH IIIAK HMHTCHCHBHEE OTJTIO-
IIaeT BOAY, YeM 30J1a YHOCa, B pe3yJIbTaTe Yero OETOHHBIE CMECH
CTaHOBSITCS MEeHee MoJBIKHBIMH [25,26]. Kpome Toro, ¢ yBemu-
YCHUEM COACPIKaHUA HIJIaKa PaCTCT CPEAHAA MJIIOTHOCTDH 6CTOH-
HOM cMecH.

3aBHCHUMOCTh MOJBHIKHOCTH OCTOHHBIX CMECeH OT cojeprKa-
HHUSI TOHKOMOJIOTOTO JIOHHOTO IIJIaKa B CMECH 30JIOLUIAKOBBIX
OTX0JI0B U300pakeHa Ha PUCYHKE 4.

25

change the properties of concrete mixtures and the hard-
ened concrete. This is due to the fact that bottom ash has
a higher porosity and dispersibility compared to fly ash.
In addition, the bottom ash contains metallic impurities.
This impurities affect the properties of both concrete
mixtures and concrete. For example, they increase their
average density.

When the content of the finely ground bottom ash in
the mixture with fly ash in the composition of the min-
eral admixture is increased by replacing 20% of the
weight of cement, the mobility of concrete mixtures
changes. The cone settlement decreases from 19 to 16
cm (Table 4). The main reason for this is that due to its
high porosity and higher specific surface area, slag ab-
sorbs water more intensively than fly ash. As a result,
concrete mixtures become less mobile [25,26]. In addi-
tion, the average density of the concrete mixture in-
creases with increasing slag content.

Dependence of mobility of the concrete mixtures on
the content of the finely ground bottom ash slag in the
mixture of ash and slag wastes is shown in Figure 4.

PUCYHOK 4

3ABUCUMOCTH NOJABU)KHOCTU BETOHHBIX
CMECEN W BOJAONOIJIOIEHUSA TSIKEJBIX
BETOHOB OT COJEPXAHUSA TOHKOMOJIO-
TOI'O JOHHOIO HIIVIAKA B CMECH 30-
JJOIIJIAKOBBIX OTXOJ0B

20

15 4

Figure 4

Dependence of mobility of the concrete mixtures and
water absorption of heavy concrete on the content of
the finely ground bottom ash slag in ash-and-slag waste
mixture

Ocafka KoHyca GETOHHOII cMecH, CM

Ocapka koHyca Ge TOHHOM CMecH, CM L
Bopgonornoujexue berona No Macce B Bo3pacTe TeepaeHus 28 cyTok, %

i

CBolicTBa TSKeJIbIX 0€TOHOB

YcTaHOBIIEHO, YTO CPEHsIsl TUIOTHOCTh B CYXOM COCTOSTHUH
TMMOJTYYCHHBIX TAXEIIBIX 6CTOHOB, COACPKAIUX B KAYCCTBE MUHC-
panpHOMN J00aBKH CMECh 30JIbI-YHOCA M TOHKOMOJIOTOTO JOHHOTO
[IIaKa MyCOpPOCKHUraTeIbHOH anekrpoctaniun «['pun Ctapy», B
BO3pacTe TBepeH s 28 cyTok cocTasseT oT 2187 1o 2254 kr/m®
¥ UMEET TCHICHIINIO K POCTY C YBEIMUCHHUEM COJIepKaHUS [ITaKa
B 30JI0IINIAKOBOM cMecH (Tabmiuma 4).

Bonomnoronienne 0eTOHHBIX 00pa3I0B, COAEPIKALIUX 30ITy U
TOHKOMOJIOTBIM IIJIAK MYCOPOCKUTATEIbHOW 3JIEKTPOCTAHIMN
«I'pun Crap», Bo3pacraer ¢ 6,5 10 7,24 % macc. o Mepe yBenu-
YEeHUsI COJIep)KaHMsl IOHHOTO nutaka 710 20% OT Macchl IeMEeHTa.
OTO 0O0BSCHSAETCS TEM, YTO JIOHHBIM MIIAK HUMEET IOPHUCTYIO
CTPYKTYPY, YTO SIBISICTCS NPUYMHOW YBEJIMYEHMS IIOPUCTOCTH
OeToHa 1, KaK CIIeZICTBUE, pOCTA BOJOTIOTIIONIEHHUSI OETOHHBIX 00-
pasuos.

Ha ocHOBaHMM 3KCHEPHMEHTANBHBIX PE3yJIbTATOB, HPHUBE-
JCHHBIX B TaOIHIE 5, MOKHO C/ENAaTh BBIBOA, YTO 3aBHUCHMOCTh
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T T
E= L2
Bopgonornouexve 6etoHa no Macce, %

T
N

Properties of heavy concrete

It is established that the average density in dry state
of the received heavy concrete, containing as a mineral
admixture a mixture of fly ash and finely ground bottom
ash of incinerator “Green Star”, at the age of curing 28
days is from 2187 to 2254 kg/m®and tends to increase
with increasing the content of slag in the ash-and-slag
mixture (table 4).

Water absorption of the concrete specimens contain-
ing ash and fine ground slag from Green Star incinerator
increases from 6.5 to 7.24 % wt. % as the content of bot-
tom slag increases up to 20 % of cement weight. This is
explained by the fact that the bottom slag has a porous
structure, which is the reason for the increase in the po-
rosity of the concrete and, as a consequence, the increase
in water absorption of the concrete specimens.

Based on the experimental results given in Table 5,
it can be concluded that the dependence of compressive
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MPOYHOCTH HAa C)KaTHE IOJYyYCHHBIX OETOHOB OT COAEPXKAHUS
TOHKOMOJIOTOTO JIOHHOTO IIJJaKa B 30JI0IIUIAKOBOM CMECH B pa3-
JWYHBIX BO3pacTax TBEPIACHHUS HOCUT SKCTPEMAaIbHBIN XapaKTep.
IIpu »TOM, MakcMManbHOE 3HaYCHHWE MPOYHOCTH, paBHOE 51,6
MIla B 28-cyTo4HOM BO3pacTte, OKa3ajl TsDKENbIH OETOH ¢ OH-
HaKOBBIM COJIEP)KaHHEM B COCTaBE yKa3aHHOIH MUHEPaIbHOHN J0-
6aBku 301161 yHOCA 1 nutaka (o 10% ot maccel iemenra). [lomy-
YEHHBIH Pe3yJIbTaT MOKHO OOBSCHUTH MPOTUBOOOPCTBOM JIBYX
tenaeHmin. AMopdHbIA Si02, 00J1aTarOMIHI BEICOKOW MyII0Ia-
HUYECKOH aKTUBHOCTBIO M COJEPIKAIMHCS B JOHHOM IIUIaKe B
00JIBIIEM KOITMIECTBE, YEM B 30JI€-YHOCA, C YBEITNIECHUEM COAEP-
JKaHHS [UIAKa B COCTABE 30JIONUIAKOBOW MUHEPAIBHOW T0OaBKU
JI0 ONTHMAJBHOTO 3HAYEHHS CITIOCOOCTBYET 00pa30BaHUIO OOIIb-
IIEr0 KOJNMYECTBa HU3KOOCHOBHBIX THIPOCWIMKATOB KaJbIUS,
ABJISIIOLINXCS OCHOBHBIMHM MHHEpalaMH, OOECTICUHBAIOIIIMHU
MPOYHOCTh IIEMEHTHOTO KaMHs O0eToHa. Korga xe comepkanue
JIOHHOTO IIJIaKa B CMECH C 30JI0M-yHOCA TPEBHINIAET yCTAHOB-
JICHHOE ONTHMAJIbHOE, TO HaONI0JaeTCs CHWKEHHE MPOYHOCTH
0ETOHOB M3-3a BBICOKOW MOPHUCTOCTH IIIAKa, & TAKXKEe MOTOMY,
4TO M3-3a CBOEi1 00Jiee BHICOKON AUCIIEPCHOCTH TOHKOMOJIOTBIH
JIOHHBIH [IJIaK YBEJINYMBAET BOJIONOTPEOHOCTh OETOHHOM CMECH.
DTOT pe3ynbTaT COTJIACyeTCs C paHee OIMyOJHMKOBAHHBIMHU pe-
3yJbTaTaMu JAPYrux uccienoBanuii [27,28].

Bnusaue comepxaHus 307bI-yHOCA W TOHKOMOJIOTOTO JIOH-
HOTO IIUTaKa Ha MPOYHOCTH IPH CKATHUH 00Pa3LOB TKEIBIX Oc-
TOHOB, UCIIBITAHHBIX B Pa3HOM BO3pacTe TBEPACHHS, MOKa3aHO
Ha pUCYHKE 5.
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PUCYHOK 5
MPOYHOCTbD HA CIXKATHE OBPA3LOB

TSKEJOI'O BETOHA B 3ABUCUMOCTH OT
BPEMEHM TBEPJIEHUA

Figure 5

Compressive strength of the heavy concrete samples as
a function of curing time

MpouHocTb Ha cxkaThe, MMa

strength of the obtained concrete on the content of finely
ground bottom ash in the ash-and-slag mixture at differ-
ent ages of curing is extreme. In this case, the maximum
strength value equal to 51.6 MPa at 28-day age showed
the heavy concrete with the same content of the specified
mineral admixture of fly ash and bottom ash (10% of ce-
ment weight). Amorphous SiO, which has high poz-
zolanic activity and is contained in bottom ash in greater
quantity than in fly ash, with the increase of the bottom
ash content in the composition of the ash and slag min-
eral admixture up to the optimum value promotes the
formation of a greater number of low-base calcium hy-
drosilicates, which are the main minerals that ensure the
strength of the cement stone of concrete. When the con-
tent of the bottom ash in the mixture with fly ash exceeds
the established optimum, there is a decrease in the
strength of concrete because of the high porosity of the
bottom ash, and also because of its higher dispersibility
finely ground bottom ash increases the water consump-
tion of the concrete mixture. This result is in agreement
with previously published results of other studies
[27,28].

The effect of fly ash and fine ground bottom ash con-
tent on the compressive strength of the heavy concrete
specimens tested at different curing ages is shown in Fig-
ure 5.

BbiBoabI U pekoOMeHAAIUT
BroiBoabI

Ha ocHoBanmM aHanmu3a MOJyYEHHBIX PE3YNbTaTOB, IPOBE-
JCHHBIX SKCIIEPUMEHTAIBHBIX HCCICAOBAaHUHA MOXHO CJIIENaTh
BBIBOJI O BO3MOKHOCTH MCIOIb30BAaHU 30JI0LUIAKOBBIX OTX0/I0B
MycopocKurareabHol anekrpocranuuu «I'pun Crap» B Kaue-
CTBE aKTHBHOW MUHEpAIbHOW HOOABKH JUIA MOJMYYCHHUS TsDKE-
noro OeroHa, 00JaJaroMIero HU3KHUM BOJIOIIOTJIONICHUEM U JI0-
CTAaTOYHOW MPOYHOCTBIO HA CKaThe B 28-CyTOYHOM BO3pacTe.
Kpome toro, BoBneueHrne ykazaHHBIX OTXOAOB B IPOU3BOACTBO
OGETOHHBIX M3/IENNH U IPUTOTOBIEHUE CTPOUTEIIEHBIX PACTBOPOB
Oyzer crmocoOCTBOBATEH YITYUIIEHHIO YKOJIOTHUECKOW CHTYaIlUN
BO BreTHame U cO3JaHUI0 3KOHOMUKH 3aMKHYTOr'O LIMKJIA.

3 7 14 28
BospacT TBepAeHUs, CYTKM

Conclusions and recommendations
Conclusions

Based on the analysis of the obtained results and the
conducted experimental studies, it can be concluded that
it is possible to use ash and slag wastes from the incin-
erator power plant “Green Star”. This ash and slag waste
can be used as an active mineral admixture for the pro-
duction of heavy concrete. The concrete has low water
absorption and sufficient compressive strength at 28
days of age. In addition, the involvement of ash and slag
waste from the incineration plant in the production of
concrete products and mortar preparation will contribute
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Pexomenmanun

Heo0xoanMo TpOIOIIKATE UCCIEIOBAHAS C LEIBI0 ONEHKH

BIMSIHUSL TEMIICpaTypbl COKUTaHUs Mycopa Ha CBOWCTBa 30-
JOIUIAKOBBIX 0TX0J0B. He00X0anMO COBEpIICHCTBOBATE PeLiell-
Typy OCTOHHBIX CMeceil.

BaaropapHocts

ABTOpBI BBIPAXXKAeT UCKPEHHIOI OJIaroJJapHOCTh COTpPYIHH-

KaM na6opaTop1/H/I Ka(i)e)lpI)I MOJA3EMHOT'0 U TOPHOTO CTPOUTCIIb-
CTBa CTpOI/ITeJ'H)HOFO (l)aKyJ'ILTeTa FOpHO-FeOJ’IOFH‘IeCKOFO YHU-
BCPCUTCTA 3a OKA3aHHYIO IMOMOIIb B NPOBCACHUN SKCIICPUMCH-

TaJIbHBIX UCCIEIOBAHUM.
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to improving the environmental situation in Vietnam and
creating a closed-loop economy.

Recommendations

It is necessary to continue research in order to assess
the influence of waste combustion temperature on the
properties of ash and slag waste. It is necessary to im-
prove the formulation of concrete mixtures.
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