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AHHOTALMUA

BBepeHue. Llenbio siBNseTca uccrnegoBaHne BNUMSHUS TepmoMoandunpoBaHHon TopdsiHon AobaBku, HaydHoe 06ocHOBa-
HVe NpUMEeHeHUst KOTOPOW NpeAcTaBneHo B Tpyaax npodeccopa H.O. KonaHuupl 1 ee konner, nony4yeHHomn 13 cbipbs Kanu-
HUHrpaackor obnacTu, Ha NOABMXHOCTb, BaroyAepXMBatoLLyt0 CNOCOBHOCTb CMECU U Ha MPOYHOCTHBIE XapaKTePUCTUKK
MernKO3epHUCTOro 6eToHa.

MaTtepumanbl u metoabl. [JobaBka n3rotaBnueBanacb U3 HU3MHHOIO Topda kapbepa MyLwkoBo KanuHuHrpagckon obnacTu.
Chblpbe nogsepranocb TepMmnyeckon o6paboTke ¢ orpaHUYeHHbIM OCTYNOM KMCnopoaa.

Pe3ynkTaThbl. YCTaHOBMEHO yBENnYeHe NoaBMXHOCTU U BOOOYAEPXKUBAOLLEN CNOCOBHOCTU cmecew ¢ 4 u 8 % pobasku.
YBenunyeHvne npo4YHoCcTn 6eTOHHBbIX 06pasLoB ¢ 4 1 8 % fobasku Ha 21-e cyTku npu nsrnde coctasmno 9 % No cpaBHEHUIO
€ KOHTponbHbIM (5,5 MIMa ans koHTponbHoro coctasa n 6 MIMa ansa coctasos ¢ 4 n 8 % gobasku), npu cxatun — 23 % npu
ncnonb3oBaHun 8 % gobasku (40,7 n 50,2 MIMa ans KOHTpoOnbHOro coctaea u ¢ 8 % [06aBkM COOTBETCTBEHHO).

BbiBoabl. [peAcTaBneHHble pesynbTaThl UCCNIeA0BaHUSA EMOHCTPUPYIOT NePCNeKTUBHbIE BO3MOXHOCTU YyyLlleHUst
PU3NKO-MEXAHNYECKNX CBONCTB BETOHOB C MOMOLLbIO TEPMOMOANMDULMPOBAHHBIX TOPMSIHbIX 4OOABOK HA OCHOBE CbIpbs
KanuHuHrpagckomn obnactu.

KNOYEBbLIE CITOBA: Topd, TopghsiHoe cbipbe, TepmoobpaboTka, fobaBKW, NOABUKHOCTL CMeCH, BNaroyaepxusatoLlas
CNoCcoBHOCTb, MPOYHOCTL MPU M3rnbe, MPOYHOCTL MPU CXKATUM

BrnazodapHocmu. ABTOPbI BblpaxatkoT UCKPEHHIO BnarogapHocTb npodeccopy Hatanbe OneroBHe KonaHuua 3a naeto
NpoBefeHNs UCCefoBaHN Ha PErMoHarnbHOM Chipbe M MOMNe3Hble KOHCYNbTaLuK.
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ABSTRACT

Introduction. The purpose of this work is to study the thermally modified peat additive, the use of which is scientifically
justified in the works of professor N.O. Kopanitsa and her colleagues. This additive is extracted from the raw materials from
the Kaliningrad region, and the authors focus on its effect on the consistency, moisture-retaining capacity of the mix, and
the strength characteristics of fine-grained concrete.

Materials and methods. The additive was made from lowland peat extracted from the Glushkovo quarry in the Kaliningrad
region. Raw materials were subjected to thermal treatment with limited access of oxygen.

Results. The authors have proven an increase in the consistency and water-retaining capacity of mixes that have 4 and 8 %
additive. On the 21 day, an 9 % increase in the flexural strength of concrete specimens with the 4 and 8 % additive was
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registered in comparison with the benchmark specimen (5.5 MPa for the benchmark mix and 6 MPa for the 4 and 8 % addi-
tive); an increase in compression strength reached 23 % when the 8 % additive was used (40.7 and 50.2 MPa for the bench-
mark mix and the one that contains the 8 % additive, respectively).

Conclusions. The presented results of the research show a strong potential for the improvement of physical-mechanical
properties of concretes by using thermally modified peat additives made from the local raw materials extracted in the Kali-
ningrad region.

KEYWORDS: peat, peat raw material, heat treatment, additives, mix consistency, water-retaining capacity, flexural strength,
compressive strength
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BBEJIEHUE

B nacrosmiee Bpemst O€TOH SBJISICTCS OJHUM U3 HaH-
0oJree MHUPOKO UCTIONB3YEMBIX CTPOUTEIHHBIX MaTePH-
aJIOB, OCHOBHBIMHU IIPECUMYIICCTBAMU KOTOPOTO ABJIAKOT-
s IIeHa ¥ YHUBEPCAIBbHOCTh IPUMEHEHUs. barogaps
MIPaBUIIBHO TOJI00OPAaHHOMY COCTaBYy M HCIIOJIb30BAHUIO
00aBOK yAAETCS TOCTHYh HEOOXOAUMBIX CBOHCTB O€eTO-
Ha IS CTPOUTEIBCTBA KaK KIIACCUYCCKUX 3JaHHM, TaK
U CTIEIUANIBHBIX coopyskeHuit [ 1—4]. B cBsi3u ¢ aTuM pas-
paboTKa ¥ YCOBEPIICHCTBOBaHKE TOOABOK I OCTOHA
SIBIISIETCS aKTyalbHOMU 3anauei [5]. [Ipu aTom nepcnex-
THUBHBIM MIPEACTABIACTCS UCIIONB30BAaHNUE MECTHOTO ChHI-
Pbsl, 0COOEHHO B paifoHax ¢ JIOPOrol MIIH CIIOXKHOM JI0-
THCTHKOH [6] U ¢ [ENTBbI0 UMITOPTO3aMEIICHHUS.

3anackl TOP(QSHOTO CHIPBSI B Pa3JIMUHBIX PErHOHAX
Poccwiickoit ®enepanun [7, 8] pasHOOOpA3HEI 1O CO-
CTaBy: TOP( COAEPKUT MHOKECTBO (PyHKIIMOHAIBHBIX
TpymIl, BKIIIOYAIUX KaK OPraHn4e€CKue, Tak 1 MUHE-
paJTbHBIC COCIMHECHNS, YTO ITO3BOJIIET UCTIONB30BATh Pa3-
JINYHBIC CHOCO6I)I €ro MOJII/I(I)I/IKaLII/II/I C LICJIBIO MOJTYUCHUA
MIPOIYKTOB Pa3HOTO BEIIECTBEHHOTO cocTana [9, 10].

B uccnenoBanusix [ 11-14] yctaHoBieHo, 4TO OTHUM
n3 HanOosee 3(p(heKTHBHBIX CITOCOOOB IOy YESHUS MOTH-
¢$unupyronmx 100aBoK U3 TOP(SHOTO CHIPHS SBISETCS
€ro TePMOAKTHBAIIHS, IPH ITOM PEXKHUM TEPMO0OpadoT-
KH OKa3bIBaCT 3HAYUTEIHHOC BIMSHUC HA MTOTYYacMbIi
npoaykr. IIpu temneparype mxo 200 °C topd coaep-
KUT TPEUMYIIECTBEHHO OPTaHUYECKHE KOMILICKCHI,
ot 200 10 400 °C — opraHoMHHEpaJIbHbIE KOMIUIEKCHI,
o1 400 mo 600 °C — MuHEpaIoopraHNIeCKUE KOMIUIEK-
csl, cBbie 600 °C — muHepaabHble KOMIUIEKCHI [15].

B paborte [15] 6pu1a mpoBeeHa TepMoMoanrKa-
s Topda ¢ OrpaHMICHHBIM JIOCTYIIOM KHCIOPO/Ia MIPH
temneparype 400 u 600 °C B Teuenue 2—4 gacos. Top-
(siHOE CchIpbe 10OBIBANOCH B CHONPCKOM perroHe. AB-
TOPbLI OTMEYAIOT YBCJIMYCHUC IPOYHOCTHU MTPU CKATUU
10 16 % mns nobdasku, MmomudummpoBanHoi mpu 400 °C,
u 110 36 % B cimyyae monudukarpu npu 600 °C oTHOCH-
TEIHHO KOHTPOIHHOTO COCTABA.

ABtopamu [16] OBLIIO YCTAHOBIICHO YBEIHUYCHUC
npoyHocTH 6eToHa 10 54 % MpHu UCTOIB30BAHUU J0-
0aBKH, MOJYYCHHOH ITyTeM TepMHUYECKOH 00paboTKn

HusrHHOTO Topda rmpu 600 °C 6e3 nocTyna KUCIopoa.
CxopocTtb Harpesa 00pasios coctasisuia 10 °C/mun.

CTOUT OTMETHUTH, UTO B Ka4eCTBE MOAUPHUIIHPYFO-
11ei 100aBKH MOTYT OBITh TaKKe UCIIOIb30BaHBI TOP(SI-
Hble 301161 [17, 18]. B pabdote [19] Oblmu HCOIb30BaHb
3011BI ¢ Yespkekoro U JInackoro Top(hoOpHKETHBIX 3aBO-
JI0B. 307161 TTOZICYIIMBaNH IpH Temmeparype (105 +5) °C,
3aTeM IOJBEprajiv IOMOJTY B IIAPOBOI MEIBHHUIIE U HC-
neITEIBAIN. B KauecTBe 100aBOK B OETOHHOI cMecH OBLITH
TaKXkKe UCTIOIb30BaHbI MUKPOKPEMHE3EM U CyTepILIacTU-
¢uxarop. MakcuMaibHOE YBETHUCHNE TIPOYHOCTH TIPU
CXKaTHUU MO0 CPAaBHEHUIO ¢ KOHTPOJIBHBIM COCTaBOM CO-
craBwio 148 %. ABTopam [20] Takke yIanaoch JOCTHYb
3HAYUTENILHOTO YBEINYEHHS TPOYHOCTH OETOHA IPH HC-
TIOJIE30BAHUH TOP(SHOH J0OABKH C MUKPOKPEMHE3EMOM,
MHKPOKAJIBLITOM U HAHOYACTULIAMH JTMOKCHUJIA KDEMHHUSL.

Llenpio HacTosIIEeH paOOTHI SIBIISIETCS HCCIICIOBAHIE
BIMSIHUSI TEPMOMOM(HIIMPOBAHHON TOPDsIHOI 100aBKH,
MOJIy4eHHOH U3 chipbsi KanumHUHTpaackol obmactw,
Ha MOJBUKHOCTH U BIIAr0y/Iep>KUBAIOLIYIO CIOCOOHOCTh
CMecH, a TaK)Ke Ha IIPOYHOCTHBIE XapaKTEPUCTUKU MeJI-
KO3epHHUCTOTO OeTOHa.

MATEPHAJIBI U METO/bI

J1J1s M3roTOBIICHHS TEPMOMOIH(DUITPOBAHHOM TOP-
(stHOI T0OABKHM OBLIT UCTIONB30BaH HU3UHHBIN TOp( (Me-
cTopokaeHue: kapbep ImymkoBo, KanuHuHrpaackas
obnacte). Micxomublii Topd BeICYIIMBAICS 10 MOCTOSH-
HOM MacChl M IIPOCEUBAJICs. 3areM Topd ObLT 3achIlaH
B CTEKJISIHHbIE TPYOKM JUIMHOHM 22 CM M JUaMETpOM
0,6 cM. KoHIIBI TpyOOK 3aKpBIBAIMCH MYJUTUTOKPEMHH-
3EMHUCTOH BaTOH.

3arnoaHEeHHbIE TPYOKH YKIIAAbIBAIUCH B CTEKIISIH-
HY0 KOOy jutnHON 380 MM ¥ BHYTPEHHHUM JTHaMETPOM
45 mM. Konba 3akpbIBaiack M yCTaHABIMBAJIACH B MY-
¢denpayto nmeupr MITK-5, npu 3TOM K KOIIOE MOICOCIN-
HAJIACh TPyOKa AJI OTBOZA Ta3000pa3HBIX MPOTYKTOB
ropenus (puc. 1). TepomooOpaboTka Topda npousBo-
JUIIACh TIPU CIEIYOIEM pexume: B Teuenne 60 MuH
nojHATHE TeMieparypsl 10 600 °C, 3areM BbIAEpKKa
pu 600 °C B Teuenue 10 MuH, CHUKEHHE TEMIIEPATYPBL.
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Puc. 1. YcranoBka st TepMudeckoit 00padboTku Topga

[TonmyueHnHbIil MaTepuan NpoceuBascs Yepe3 CUTO
Ne 0,08. dnst aucnieprupoBanust 100aBKH ObLIa HCTIONb-
30BaHa BBICOKOCKOPOCTHAs IapoBasi MeibHuIa Retsch
EMAX. B pa3mosnbHbIe cTakaHbl 00beMoM 125 mi mo-
Memanoch 1o 50 r no6aBku 1 o 100 T KOPYHIOBBIX
mrapoB guamerpamu 10 u 5 MM (B coorHomennu 1:1).
Pexxum axtuBarmii: 10 mun nipu 500 06/MuH.

VenbHast HOBEPXHOCTH TEPMOMOAU(PHUIIMPOBAHHON
nobaBku onpexensuiach Ha npudope T-3 (Tosaposa)
u cocraBmia cpime 5000 M/,

OnpezneneHye HACHITHOM MIOTHOCTH MOJTy4YEHHON
J00aBKM OBLIO ITPOBEJICHO C MOMOIIBIO H3MEPEHUS Mac-
CBI JI00aBKH, 3aMOIHSIONICH B HEYITIOTHEHHOM COCTOSI-
HHH COCy/1 3aJaHHOr0 o0bema. J{i1st i3MepeHust ICTHHHON
IUIOTHOCTH OBUI UcTiob30BaH npudop Jle [larense. Ha-
CBIITHAS INTOTHOCTH TEPMOMOIN(UIIMPOBAHHOM J100aBKN
cocTaBuIa nopsiaka 750 Kr/M>, HCTMHHAS TUIOTHOCTH —
3260 kr/n’.

Jlo6aBKa Obl1a HCCIIeI0BaHa Ha CTEPEOMHUKPOCKOTIE
Olympus SZX16 (puc. 2).

Puc. 2. Mukpoctpykrypa TepMOMOANHLIHPOBAHHOI TOP(si-

HOM 100aBKHU

J1yst ©3roTOBICHUS OCTOHHBIX 00PA3I[0B OBLT HC-
moas30BaH nopriaanainemMeHT M500 «Espomem 500
ITnroc» 42,5 H mpoussoactea OO0 «IletepOypriie-
MEHT». XMMHKO-MUHEPAIOTMUECKUN COCTaB LIEMEHTa
MIpeJCTaBIeH B TabmuIE.
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XHMHUKO-MUHEPATIOTMYECKUI COCTaB LIEMEHTA

[oxazarenn 3HaueHne
Oxkcupa marausa MgO, % 3,24
Tpexkaneiuesslit cunukar C;S, % 55,5
JByxxanbruensiit cunukar C,S, % 17,4
Tpexkanbuuesblii amoMunar C;A, % 6,6
Yertsipexxanbiuenslii amomodepput C,AF, % 11,6

B xavecTBe HHEPTHOTO HAITOTHHUTEIIS UCTIONB30BAI-
Cs1 KBapIIEBBIN CTPOUTENBHBIN Iecok koMmmanun Klester
System ¢ Mmoxynem kpynHocta 3,3.

BrutH H3roTOBIIEHBI TPH TPYTITEI 00pa3MoB: 1) KoH-
TposbHas; 2) 4 % no0aBKu OT Macchl IieMeHTa; 3) 8 %
J00aBKH OT Macchl ieMeHTa. COOTHOIICHUS! KOMIIOHEH-
TOB cMecH: neMeHT/mecok = 1/3, B/I] = 1/2. Jlns usro-
TOBJICHHS CMECH TEPMOMOAM(PUIIUPOBAHHAS JOOaBKa
ObLTa IepeMeIIaHa ¢ BOJOH U 3aTeM MOJTYYCHHBIN pac-
TBOP HOOABIIAIICS B CYXYIO CMECh MECKa U [IEMEHTA.

[TonBmkHOCTE OETOHHBIX CMecel OblIa orpeerre-
wa mo FOCT 310.4-81". Bonoynep:xuatomias crocoo-
HOCTb cMeceil onpenesnsiachk coriacHo 'OCT 5802-86°.

JList onipenienieHust MPOYHOCTHBIX XapaKTePUCTHK
0eTOHOB OBLITN M3TOTOBJICHBI 00Pa3IBI-0aI0UKH pa3Me-
pom 40x40x160 mm. BubpoyruioTHeHIEe cMecH TIpOBO-
manock cortacao TOCT 310.4-81'. Bpems ymoTHenus
COCTABJISUIO 3 MUH C aMILTUTYI0U BEPTHUKAIBHBIX KOJIC-
6annit (0,35 £ 0,03) mm u wactotoit 3000 B MUHYTY.

OO6pasus! TBepaenu npu Temmeparype 20 + 2 °C
1 OTHOCUTEINIbHOH BiaxkHoctu 90-95 %.

OmnpenencHre IPOYHOCTHBIX XapaKTEPUCTHK IIPO-
Bommnock cortacio TOCT 310.4-81'. Mismepenns mpoBo-
JUTHCE Ha 3, 7 1 21-¢ CyTKH TBep/ICHHsI OSTOHA HA UCTIBI-
tarenbHOI MammHe ToniNorm (ToniTechnik, [epmanmis).

PE3VYJIBTATbI

Pesynprarsl onpenenenus NOJBHXXHOCTH CMeCei
npencTasieHsl Ha puc. 3. [Ipu ncrmons3oBannm 106aB-
KU HAONOJaeTCsl yBEeINUCHNE MTOABMIKHOCTH CMECH
co 108 mm amst KOHTpoIbHOTO 00pasma o 111 MM mis
00pa3tos ¢ 4 u § % nobaBKu.

Kak crmexyeT u3 momydeHHBIX pe3ylabTaToB, 3aBHU-
CHMOCTB ITOJIBIYKHOCTH CMECH OT KOHIICHTPAITUH T00aB-
Kk riocite 4 % BBIXOJUT Ha TUIATO, TIOATOMY JalibHeHIee
YBEIMYCHUE KOHIIEHTPAIMN 100aBKH (cBbIIIE § %) B TIpO-
BEJCHHOM HICCIICTOBAaHUH HE pACCMaTPUBAIOCH.

3HaueHIe BOJOYICPKUBAIOIIEH CIIOCOOHOCTH KaK-
JIOl cMecH TIpeICTaBIeHo Ha puc. 4. B cMecsx ¢ nobas-
KoM OBIIO 3a(pMKCUPOBAHO YBEINICHUE BOIOYICPKUBA-
IOIIEeH CITOCOOHOCTH, TIPH 3TOM HamOOJbIIIee 3HAUYCHIE
95,1 % OB110 HOCTHTHYTO 00pa3oM ¢ 8 % moOaBKH.

'TOCT 310.4-81. LemenTsl. MeTozbI onpenieNieHus peiena
npouHocTH npu m3rude u cxaruu. UK M3narenscTBo cran-
nmaptos, 2003. 11 c.

2TOCT 5802-86. PacTBOpsI CTpOHTENbHBIE. METOBI HCITBI-
tanuit. Crangaptuadopm, 2018. 17 c.
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Puc. 5. [lpenen npoyHocTy npu U3rude

OneHka BIHUSHUS TEPMOMOIU(DHUIIMIPOBAHHOTO
Topda Ha IPOYHOCTHBIEC XaPAKTEPUCTUKN OETOHA ITPO-
M3BOIMIIACH IO Pe3ylibTaTaM MCIIBITaHUH 00pa3LoB IpH
n3rube u cxxatun. Pesynbrarel onpeneneHus IpodHOCTH
OeToHa Mpu M3THOE MpecTaBlIeHs! Ha puc. 5. [Ipu uc-
MIBITAHUSX HA 7-€ CYTKH TBEPACHHsI OETOHOB 3aUKCH-
POBaHO yBEIMUCHNE TPOYHOCTH 00pa3oB ¢ 4 % mobas-

B 8 % nobGasxu

ki — Ha 10 % u oOpa3suos ¢ 8 % gobaBku — Ha 8 %
IT0 CPAaBHCHHIO C KOHTPOIBHEIM (5,0, 5,5 u 5,4 MIla mis
KOHTPOJIBHOTO cocTaBa, ¢ 4 1 8§ % m00aBKU COOTBET-
cTBeHHO). Ha 21-e cyTkn yBeianueHne npoyHOCTH 00-
pa3oB ¢ 4 u 8 % 100aBKH OTHOCUTEIHHO KOHTPOJIEHOTO
coctaBmwio 9 % (5,5 MIla nist KOHTPOJIBHOTO COCTaBa
u 6 MIla mms coctaBoB ¢ 4 u 8 % 100aBKH).
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Puc. 6. Ilpenen npounoctu npu cxaruu, MIla

PesynpraTsl ucnbiTaHUN 00pPA3IOB IIPH CKATHU
MPEACTABICHBI HA PUC. 6. YCTAHOBJICHO YBEIIHMYCHHE
MPOYHOCTH 00pa3IoB ¢ nobaBkamu Ha 3, 7 u 21-e cyTku
TBepacHus. [Ipu 3TOM HanboJIbIlICe YBETMYCHHUE TTPOY-
HOCTH Ha CXKaTHe 10 CPABHCHHUIO C KOHTPOJIBHBIM CO-
CTaBOM IOKa3ai oopaser ¢ § % 100aBku: HA 3-1 CyTKH —
13 % (30,6 u 34,5 MIla mist KOHTPOJIBHOTO COCTaBa
u ¢ 8 % nobaskm), Ha 7-e cyTku — 27 % (35,1 n 44,7 Mlla
JUTS. KOHTPOJIBHOTO cocTaBa U ¢ 8 % mobaBku), Ha 21-¢
cytku — 23 % (40,7 u 50,2 MIla nj1s1 KOHTPOJIBHOTO
cocraBa u ¢ 8 % 100aBKkn).

BbBIBO/JbI

HVcxo/ist M3 1OJTy4eHHBIX PE3yJIbTaToB, MOXKHO CJIe-
JIaTh BBIBOJ, YTO TepMOMoAu(UIIMpOBaHHAs TOphsHAs
N00aBKa, MOTyYeHHAs! U3 HU3UHHOTO TOp(a MeCTOPOIK-
nernst KanrmHUHTpaIcKoit 001acTH, OKa3bIBaeT TOJIOKH-
TEJIbHOE BIMSHUC Ha (PU3UKO-MEXaHUICCKUE CBOHCTBA
Oerona. B cepuu npoBeIEHHBIX YKCIICPUMEHTOB yCTa-
HOBJICHBI YBCJIMYCHUEC MMOJABUXHOCTHU CMECH, YTO CIIO-
coOcTByeT (OPMUPOBAHUIO TUIOTHOH CTPYKTYPBI, M 00ITb-

B 8 % mobaBku

11ast BOJOYAEP)KUBAIOIasi CIOCOOHOCTD, MPUBOSIIAS
K OoJiee MOJTHOMY ITPOTEKaHHIO THApaTaliy. Pesynbrarsl
UCTBITAaHUH 00pa3IoB Ha M3TUO M CXKAaTHE CBHJCTEIb-
CTBYIOT 00 yBEJIMUYEHUH IIPOYHOCTH OETOHOB KaK MpHU
ucnonb3oBanuu 4 %, Tak rnpu 8 % nodasku. [TonoOHbIH
2 deKT MOXKET OBITH CBS3aH ¢ (hOpMUpPOBAHHEM Oojee
TUTOTHOM MPOCTPAHCTBEHHO OPTaHW30BaHHOM MepapXu-
YEeCKOW CTPYKTYPBI ITPU UCIIOIb30BaHUH TOP(SIHON 10-
0aBKH 3a CYET HAIIPABICHHOTO M3MCHEHUS aACOPOLUOH-
HBIX, THAPATAIMOHHBIX NIPOIECCOB, & TAKKE KUHETUKU
3epHOOOpazoBanms [21].

Taknm 00pa3om, IpeacTaBICHHBIC PE3yIBTaThI UC-
CJIE/I0BaHUH ICMOHCTPHUPYIOT IEPCIEKTUBHBIE BO3MOXK-
HOCTH YJy4lleHHsI (pU3NKO-MEXaHUYECKHX CBOMCTB
OETOHOB C MOMOIIIBIO TEPMOMOAUDUIIMPOBAHHBIX TOP-
(bsHBIX 100AaBOK Ha OCHOBE CHIPhs KanmnmHUHTpaICcKon
ob6nactu. [Ipu 3TOM CTOUT OTMETHUTH, 94TO IPPEKTHUB-
HOCTb J100aBKH 3aBHCHT OT YCIIOBHH TEPMOOOpaOOTKH,
U3MENBYEHHUS, COCTaBa Top(da U UCIOIb30BAHUA JOIION-
HUTENBHBIX 100aBOK [ 19, 20], pe>KUMbI KOTOPBIX IJIAHHU-
pyeTcst ONTUMHU3HUPOBATh B OIMKaIIee BpeMs.
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INTRODUCTION

Currently, concrete is one of the most widely used
construction materials, whose main advantages are
price and versatile areas of application. The target prop-
erties of concrete, used to construct classical buildings
and special structures, depend on its properly selected
composition and use [1-4]. In this regard, the develop-
ment and improvement of concrete additives is a rel-
evant task [5]. Hence, the use of local raw materials
seems promising, especially in the areas with expensive
or problematic supply logistics [6] and for the purpose
of import substitution.

The composition of peat reserves varies in differ-
ent regions of the Russian Federation [7, 8]: peat con-
tains many functional groups, including organic and
mineral compounds that allow using various modifica-
tion methods aimed at obtaining products having differ-
ent material compositions [9, 10].

The authors of several studies [11-14] found
that one of the most effective ways to obtain modi-
fying additives from peat is its thermal activation;
the mode of thermal treatment has a significant effect
on the resulting product. At temperatures up to 200 °C
peat contains mainly organic complexes, from 200
to 400 °C — organic-mineral complexes, from 400 to
600 °C — mineral-organic complexes, over 600 °C —
mineral complexes [15].

In [15], peat was thermally modified with limited
oxygen access at 400 and 600 °C for 2—4 hours. Peat
raw materials were extracted in the Siberian region.
The authors emphasize an increase in compressive
strength up to 16 % for the additive modified at 400 °C
and up to 36 % in the case of modification at 600 °C as
compared to the benchmark composition.

The authors [16] found that an additive, obtained
by the heat treatment of lowland peat at 600 °C without
oxygen, increased the strength of concrete up to 54 %.
The specimen heating rate was 10 °C/min.
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It is noteworthy that peat ashes can also be used
as a modifying additive [17, 18]. In [19] ashes from
Usyazhsky and Lidsky peat briquette factories were
used. The ashes were dried at (105 £ 5) °C, milled in
a ball mill and tested. Micro-silica and a superplasti-
cizer were also used as additives in the concrete mix.
The maximum increase in compressive strength com-
pared to the benchmark composition was 148 %.
The authors [20] also managed to achieve a significant
increase in the strength of concrete by using the peat
additive that contained microsilica, micro-calcite and
silica nanoparticles.

The purpose of the present work is to investigate
the effect of a thermally modified peat additive obtained
from raw materials of Kaliningrad region on the consis-
tency and water-retaining capacity of the mix, as well as
on the strength characteristics of fine-grained concrete.

MATERIALS AND METHODS

Lowland peat (deposit: Glushkovo quarry, Kali-
ningrad region) was used in the production of a thermally
modified peat additive. The peat was dried to a constant
weight and sieved. Then the peat was poured into glass
tubes 22 c¢cm long and 0.6 cm in diameter. The ends
of the tubes were closed with mullite-silica wool.

Filled tubes were placed in a glass flask whose
length was 380 mm and the inner diameter was 45 mm.
The flask was closed and placed in a muffle furnace
MPK-5; a tube for draining combustion gases was con-
nected to the flask (Fig. 1). Peat was thermally treated as
follows: during 60 minutes the temperature was raised
to 600 °C; then it was held in the furnace at 600 °C for
10 minutes, after that the temperature was reduced.

The resulting material was sieved through a 0.08
sieve. The Retsch EMAX high-speed ball mill was used
to disperse the additive. 50 g of the additive and 100 g
of corundum balls with the diameters of 10 mm and
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5 mm (in a 1:1 ratio) were placed in 125 ml grinding
cups. Treatment mode: 10 minutes at 500 rpm.

The specific surface of the thermally modified ad-
ditive was identified using unit T-3 (Tovarov), and it
exceeded 5,000 cm?/g.

Fig. 1. Peat thermal treatment unit

The bulk density of the resulting additive was
identified by measuring the mass of the uncompacted
additive in the vessel of a pre-set volume. The Le Chat-
elier instrument was used to measure the true density.
The bulk density of the thermally modified additive was
about 750 kg/m® and the true density was 3,260 kg/m?.

The additive was examined using the Olympus
SZX16 stereomicroscope (Fig. 2).

Fig. 2. Microstructure of thermally modified peat additive

Portland cement M500 “Eurocem 500 Plus”
42.5 H, produced by Peterburgcement LLC, was used
to make concrete specimens. The chemical and minera-
logical composition of cement is presented in Table.

The Klester System quartz sand with a grain size
modulus of 3.3 was used as an inert filler.

Three groups of specimens were made: 1) the bench-
mark group; 2) the additive whose content reaches 4 %
of the cement weight; 3) the additive whose content
reaches 8 % of the cement weight. The mix component
ratios are as follows: cement/sand = 1/3, V/C = 1/2. To
make the mix, the thermally modified additive was mixed
with water, and then the resulting mortar was added to
the dry mix of sand and cement.

Chemical and mineralogical composition of cement

Component Content
Magnesium oxide MgO, % 3.24
Tricalcium silicate C5S, % 55.5
Dicalcium silicate C,S, % 17.4
Tricalcium aluminate C;A, % 6.6
Tetracalcium aluminoferrite C,AF, % 11.6

The consistency of the concrete mixes was deter-
mined according to GOST 310.4-81!. The water-retai-
ning capacity of the mixes was identified according to
GOST 5802-86.

To determine the strength properties of concrete,
beam specimens, whose dimensions were 40x40x 160 mm,
were made. Vibrocompaction of the mix was carried out
in accordance with GOST 310.4-81'. The compaction
time was 3 minutes with an amplitude of vertical vibra-
tions of (0.35 + 0.03) mm and a frequency of 3,000 per
minute.

Specimens were cured at 20 + 2 °C and 90-95 %
relative humidity.

Strength properties were identified according to
GOST 310.4-81'. Measurements were made on the 3rd,
7th and 21st days of concrete curing using the Toni-
Norm testing machine (ToniTechnik, Germany).

RESULTS

The consistency of mixes, identified by the au-
thors, is shown in Fig. 3. When the additive is used,
an increase in the consistency of the mix from 108 mm
for the benchmark specimen to 111 mm for specimens
with 4 and 8 % of the additive is observed.

It follows from the results that the dependence
of the mix consistency on the concentration of the ad-
ditive was levelled after 4 %, so a further increase in
the additive concentration (over 8 %) was not consi-
dered in the study.

The value of the water retention capacity of each
mix is shown in Fig. 4. An increase in the water reten-
tion capacity was observed in the mixes that contained
the additive, with the highest value of 95.1 % achieved
by the sample with an 8 % additive.

Evaluation of the effect of thermally modified peat
on the strength characteristics of concrete was carried
out according to the results of flexural and compression
tests of specimens. The flexural strength of concrete is
shown in Fig. 5. A test made on the 7th day of con-
crete curing showed a 10 % increase in the strength
of specimens with a 4 % additive and an 8 % in-

" GOST 310.4-81. Cements. Methods of identifying strength
limits in bending and compression. IPK Standards Publ.,
2003; 11.

2 GOST 5802-86. Cement mortars. Testing methods. Standard
Inform Publ., 2918; 17.
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crease in the strength of specimens with an 8 % addi-
tive compared to the benchmark specimens (5.0, 5.5
and 5.4 MPa for the benchmark specimen, with 4 and
8 % additive, respectively). On day 21 an increase in
the strength of specimens with 4 and 8 % additives was
9 % in comparison with the benchmark ones (5.5 MPa
for the benchmark specimen and 6 MPa for the speci-
mens with 4 and 8 % additives).

The results of compression tests of the specimens
are shown in Fig. 6. An increase in the strength of speci-
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mens with additives on the 3rd, 7th and 21st days of cu-
ring was identified. The specimen with the 8 % additive
showed the biggest increase in compressive strength in
comparison with the benchmark specimen: 13 % (30.6
and 34.5 MPa for the benchmark specimen and with
the 8 % of additive) on the 3rd day; 27 % (35.1 and
44.7 MPa for the benchmark specimen and with the 8 %
additive) on the 7th day, 2 % (40.7 and 50.2 MPa for
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on the 21st day.

111 111

Composition

[ Control
Fig. 3. Spread of the cone

952+

954

94.8 4

94.6 - 945

94.4 1

Water-retention capacity, %

94.2

[ 4 % additive

[ 8 % additive

Composition

[ Control

Fig. 4. Water retention capacity of the mix

H 4 % additive

7 days

W 8 % additive

21 days

Curing time, days

6,
£ 5
=
S 4
on
=
g 34
ERE
=
5
=1
0
3 days
[ Control

Fig. 5. Flexural strength

72

B 4 % additive

W 8 % additive



Thermally modified peat additive for cement systems made using raw materials from

the Kaliningrad region P. 64-74

Compressive strength, MPa
W
[e=]

50.2
44.7

7 days 21 days

Curing time, days

20 A
10
0
3 days
[ Control
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CONCLUSIONS

The conclusion, made on the basis of the obtained
results, is that thermally modified peat additives made
of lowland peat, extracted in the Kaliningrad region de-
posit, has a positive effect on the physical and mechani-
cal properties of concrete. In a series of experiments
an increase of the mix consistency, which contributes
to the formation of a dense structure, and a large water-
retaining capacity, leading to a more complete hydra-
tion, was identified. The results of flexural and com-
pressive tests of specimens indicate an increase in
the strength of concretes with both 4 and 8 % additive.

E 4 % additive

W 8 % additive

Such an effect may be associated with the formation
of a denser hierarchical structure due to the intended
change in the adsorption, hydration processes, as well
as the kinetics of the grain formation [21].

Thus, the presented research results demonstrate
promising opportunities for improving the physical and
mechanical properties of concretes by means of ther-
mally modified peat additives containing raw materi-
als from the Kaliningrad region. It is noteworthy that
the effectiveness of an additive depends on heat treat-
ment and grinding conditions, the peat composition and
the use of supplementary additives [19, 20] which is to
be optimized in the near future.
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