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BO3MOXHOCTB BTOPUYHOI'O IPUMEHEHUA BETOHOJIOMA

I'yceB b.B., Kpuo6opoaos 10.P., Iloranosa B.A.

Asmopamu 6vL1 3amMpoHym 80NPOC O BMOPUYHOM NPUMEHEHUU OEeMOHOIOMA U HEKOHOUYUOHHBIX JHcene300emOoHHbIX uzdenui. Ananus
ONbIMA UCNONB306AHUSL BEMOHHO20 JIOMA 8 NPAKMUKE CIPOUMENbHO20 MAMEPUALO8EOeHUs. ROKA3AIL, YMO UCNONb308AHUE OAHHBIX OMX0008
6 NPouU380OCMeEe He 00 KOHYA UCCIe008aHO 6 001ACMU MEeXHOIO2UY CIPOUMENbHBIX MAMepUuailos u uzdeiuil. B oannoil cmamve nposedero

¢u3MKO'XMJMM‘{€CK0€ uccnedosanue ceolcme 6emoHoioMa.

Knrouesvie cnosa: emopuunvlii Gemon, 6emoHoI0M, OUpPepenyuanvhvlil — mepMuecKuli aHau3, QU3UKo-XUMUYeCKUll AHAIU3, He-
KOHOUYUOHHbIE CIPOUMENbHbBIE U3OCAUS, NPOUHOCTb HA CHCAMUE U U32UO, CIPOUMETbCIEO, OCMOH, YEMEHMHOEe MeCho

Beenenne. CoBpeMEHHOE CTPOHMTEIBCTBO HEMBICIMMO
6e3 0eToHa, MHPOBOTO TIPOM3BOJCTBA U MOTPEOIEHUE KOTO-
poro cocrasiseT okosiio 10 muipa. M® B roa. Yuureisas
yCTOMUUBEINA pocT HacendeHue Mupa k 2050 rogy, Kak 0KH-
JlaeTcs, 3TOT 00BEM YIBOMTCS, YTO HECOMHEHHO OyneT cy-
LIIECTBEHHO BIIMATH Ha MOTPEOJCHUE DHEPrHHM U YBEIHYH-
BaTh rtobaibHble BEIOpockl CO; [1-4].

Bospacratomast pojb peKOHCTPYKIHH TPOMBIIIIEHHBIX
MIPEIIPUATHH, KIIOTO (OHIA, TPAHCIOPTHBIX COOPY>KEHHH
1 aBTOMOOMJIBHBIX JIOPOT B 00IIEM 0O0beMe KalHUTaIEHOTO
cTpouTenbcTBa B PoccuM CTaBUT psJ BaXHBIX HAaydHO-
TEXHUYIECKUX 33/1a4 M0 Pa3pYIICHUIO U MepepaboTKe O0TXO-
JI0B U3 OeToHA U Kene300eTOHA U UX MOBTOPHOMY HUCHOJIb-
30BaHMIO [5,6].

[Iporpamma peHOBauW¥ KWIMIIHOTO (OHIA B ropoje
Mockse, yreepxnaeHHas Ilocranosnenuem IlpaBurenscrsa
Mockssl Ne 497-I1IT ot 01.08.2017r. npenxycmaTpuBaeT B
cpok 70 2032 roma CHOC S5-TH 3TaXKHBIX JKWIBIX 37aHUN B
CBSI3H C HCTEKIINM CPOKOM HX 3KCIUTyaTanuu [7].

AKTYyaJIbHOCTb NpOOJIEMBbI 1epepaboTKH U HOBTOPHOTO
HCIIOJIb30BAHUS CTPOUTENBHBIX OTXO/OB, U B IIEPBYIO OYe-
pens OETOHHOTO W HKeNe300€TOHHOTO JIOMa, CTaHOBUTCS
COBEPILIEHHO OYEBHIHON HE TOJBKO IJII MOCKOBCKOTO pe-
ruoHa [8], HO M APYruX KPYIHBIX METAIONICOB HA TEpPPH-
topunt PO u crpan CHI'. Oto, npexe Bcero, yaydiieHHe
9KOJIOTMYECKOW OOCTaHOBKHM, M KPOME TOTO, MHOJydeHHE
JICIIEBBIX MaTepHAJIOB Ul HOBOTO CTPOMTENHCTBA, COKpa-
IIEHHE TPAHCIIOPTHBIX MOTOKOB, CBSI3aHHBIX C ITOCTAaBKOH
3aIOJIHATENIEH Uil OETOHOB, COXPAHHOCTH NMPHPOJIHBIX pe-
cypcoB u ap.[9-11].

B KpymHBIX roposax ¥ IPOMBIIUICHHBIX paioHaX CcTpa-
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HBI MIOCJIE TIEPEX0/ia Ha CTPOUTENBCTBO HOBBIX CEPHI JOMOB
u 3}IaHI/Iﬁ CKaIImBacTCsa ACCATKHW MHUIIJIMOHOB Ky6I/I‘ICCKI/IX
METPOB HEHUCIIOJIb30BAHHBIX HEKOHJUIIMOHHBIX JKeye300e-
TOHHBIX M3JeNIUil U KoHCTpykuuil. OCHOBHOW 00BEM He-
KOHJIMIIMOHHON TPOXYKIIMH OCTAaeTCsi Ha MpPEANPUSTHIX-
W3TOTOBUTENSX, 3arpPOMOXK/IAsl CKJIAJIbI, 3axJaMisis TEeppH-
TOpUM 3aBOJIOB. VIMEIOTCS TPYAHOCTH TPH BBIBO3E ITHX
OTXOJIOB, CBSI3aHHBIC C NE(QUIMTHOCTHIO TEPPUTOPHUH, BBI-
JIEJIEHHBIX U1 CBaJlOK, HEMPOM3BOAUTEIBHOW 3arpy3Kou
aBTOTPAHCIIOPTA U 3arpsS3HEHHOCTBHIO OKPYXKAIOIIEH Cpensbl.
Takum o6pa3om, MEPTBBIM I'Py30M B OTBajlax JEXKHUT BTO-
pHYHOE CBIphE, YTHIM3AIUs KOTOPOTO TO3BOJHMIA OBI BO-
BJIEYB B XO3SHCTBEHHBIN 000POT METAILT U OETOHHBIH JIOM.

Jlo HelTaBHETO BPEMEHM OTXOBI JKeJIe300€TOHA MPaKTH-
YEeCKH HE YTHIM3MPOBAIUCH, TaK KaK OTCYTCTBOBAJIHM KO-
HOMHYHBIE CIIOCOOBI MX nepepaboTku. ONHAKO, CTOJIb BaXK-
Ha, YTO BONPOCY HCIIOJIb30BAHUSI HEKOHIUIIMOHHBIX JKee-
300€TOHHBIX M3JIENIUi, a TaKKe KPYIMHOTa0apUTHBIX 00JIOM-
KOB pa30MpacMbIX 3MaHUH WM COOPYKECHHH YHEISIOT BCe
OoJiblllee BHUMaHUE B OTEUYECTBEHHOH NPAKTHUKE M B CTpa-
Hax ¢ pa3BUTOM CTPOUTEIbHON UHAYCTPUEH.

HccnenoBanus mociaeJHAX JIET, BBITIOJHEHHBIC B HaIIei
CTpaHe W 3apyOeKoM IOKa3alld, 4To JAPOOJEHBIA CTaphli
OETOH ToCIe U3BJICUECHHS METAIIIA MOXKET OBITh IPUMEHEH B
Ka4y€CTBEC 3allOJHUTECIIA IPU HU3rOTOBJICHUHU HOBOTO 6eTOHa
[10,11]. OnHako mpu 3TOM HE MOJIHOCTHIO PEATH3YETCS €ro
MOTEHIMATbHBIE BO3MOXKHOCTH, B YaCTHOCTH, O€3BO3BPATHO
TepsieTcs IIEMEHT.

Kpome Toro, mcnplTaHusi MOKa3anu, 4TO KPYIHBIA 3a-
MOJIHUTENb M3 CTaporo 0eroHa oOecrnevrBaeT MPOYHOCTD,
MIPAaKTHYECKH PaBHYIO NMPOYHOCTH OETOHAa Ha NPUPOJHOM
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3anoHUTeNe. MEKHi 3al0JHATEeNb YBEIHMYUBACT BOIOIO- npoLecce HarpeBaHus IEMEHTHBIA KaMeHb B npeneiax 100
TPEeOHOCTh 32 CYET MOPUCTOCTH, YXYIIIAET PEOJIOTHUECKHE — 800 °C rtepsieT KpUCTALUIM3ALMOHHYIO BOAY, YTO COIPO-
CBOJICTBA U 32 CUET ATOTO CHIDKACTCS MPOYHOCTH OETOHA Ha BOXKIaeTcsi 00pa3oBaHueM (a3, CIIOCOOHBIX CHOBA THIPATH-
15 MIla u Gonee. B Menkom e 3aroHUTENIE B OCHOBHOM U poBarscs.

cocpenoTodeHa IeMeHTHas 9acTh OetoHa. [losTomy ObLTO
MIPEUIOKEHO TOJIBEPrHYTh CTaphIii OSTOH TEILIOBOW 0O0pa- —
6otke [12]. TG
HayuHass ocHOBa 3TOro NpeAsioKEHUs 3aAKIIOYAETCS B
TOM, YTO IIEMEHT MPH THApATAIlMK 00pa3yeT TUApaTHBIC
COEIMHEHUS, cofepkamme oT 2 10 32 MOJEKyl BOMBI, KO-
TOpBIE NIPYU HArpeBaHUU YIAJSAIOTCS U3 LIEMEHTHOTO KaMHS. ——
MoxHO O0XuJaTh NpeBpalleHHe TUAPATUPOBAHHBIX IIe-
MEHTHBIX MHUHEPAJIOB B COEIWHEHHUs, KOTOPbIE MOTYT IIO- ATA 39%
BTOPHO T'HApATpUpoBaThes. M3ydeHuro 3Toro Bompoca Io- e
CBSAIICHO HeMao paboT. OMHAKO BHIBOJBI aBTOPOB BEChMa 2ho°c
Pa3HOPEYMBHI M JI0 CHX IOpP BO MHOTHX MyONHKAIHMSIX MPO- 150°C \| o
JIOJKAETCSl AMCKYCCUS O BO3MOYKHOCTH ITOBTOPHOIO MC-
MTOJIE30BAHMSI BSKYILIETO CTApOro OETOHA.
Llenvro pabomuvl SBIANOCH W3yYCHHWE BIUSHHUS O000XK-
JKEHHOIO0 LIEMEHTHOTO KaMHs Ha IpoLiecC THapaTauuud M L
TBEPACHUS IIEMEHTA, BBISBICHHE CIIOCOOHOCTU OCTATKOB
BSDKYIIIETO B MEIKOM 3allOJHUTENE O0ECIEUNUTh KadeCTBO Pucynox 2 — /lepusamozpamma yemenmnozo Kamus, meep-
BHOBbB IIOJIy4a€MOT'0 IIEMEHTA. Oesuiez0 ¢ meuenue mpex jiem

Martepuaibl 1 MeTOAbI Hecae10Banus. [lns ncenesno- Takum 06pa3oM, MOKHO 3aKITIOUHTh, UTO 3aTBEPAEBIINIA

BaHus nenonbsosancs noprnaniuement I M500 n ne- peyenrupiii kamens HeoGxoauMo 06)uraTh IpH TeMiepa-
MeHTHbIIl KaMeHb, TBepiesumit 3 roma. Meeneayembiii  ryne 700 °C.

TPEXJIETHUH [IEeMEHTHBIH KaMeHb ObUI pa3apo0IIieH 10 BEJH-
yuHBl 5 — 25 MM, majnee ObUT MOIABEPTHYT OOXKHUTY, MOCIHIE
Yero M3MeNnbyajcs BPYYHYIO 0 IIOJIHOTO ITPOXOXKJICHHUS
yepe3 cuto 008. OOpaboTaHHBINA TaKUM 00pPa30OM «CTapbIit
LIEMEHTHBIH KaMeHb» 100aBisui Kk o0srgHOMYy I111 B KOMH-
yectBe 10%. M3 mpHUTOTOBIICHHBIX IIEMEHTOB (OPMOBAIH
obpasmpl Oamoukn 1x1x3 cMm, KOTpble TBepAEIH B BOJIE B
teuenue 90 cyr. Taxke HEMEHTHI ¢ T00aBKO# 0003 KCHHOTO
nemeHTa ucnbIThiBanu coracHo 'OCT 310.4-86 «llemeHn-
TBI. MeTO/bI MCIIBITAHUS.

[peBpaienus Ipu 0OXKUTe TAPATHPOBAHHOTO LEMEHT-
HOTO KaMH$ MCCIEIOBAIN C TIOMOIIbI0 UG PepeHITHATHHO-
TEepMHYECKOTO aHanu3a. VccienoBaHust MPOBOJMIM Ha Jie-
puBatorpade Q-1500 pupmbr «MOM» (Benrpusi) B uHTEp-
Baite 20-1000°C. CxopocTh HarpeBa 0Opa3LOB COCTaBIISIA
10°C/muH.

B crarbe NpuHATH cleyIONIMe YCIOBHBIE 0003HAUCHHUS
U MapKHpOBKa Mpoo:

CHK-1 — crapsrii IeMeHTHBIH KaMeHb TeMIieparypa 00-
xwura 700 °C, Bpems oOxmwra 34;

CLIK-2 — crapslii IEMEHTHBIH KaMeHb TeMIiepaTypa 00-
xwura 700 °C, Bpems oOxura 14;

CLIK-3 — crapplii IeMEHTHBIH KaMeHb 0e3 00XKHra;

L] — o6prunsrit mopTnananement (M500).

PesyabTaThl U 06cy:knenue. Jns onpeneneHus OnTH-
MQJIBHOM TeMIepaTypbl OOXWra IHEMEHTHOTO KaMHs ObLI
npoBesieH Au(pdepeHnaIbHO-TepMUYECKUI aHalM3, B KO-
TopoM obpazer moasepraics Harpey 1o 1000 °C (pwuc.1).

Ha xpuBoii nuddepuHInansHO-TEpPMUUECKOTO aHAIH3a
HaOJTIOAIOTCSI PS/T BRIPOKEHHBIX SHIOTEPMHUECKUX dPPek-
ToB ¢ MakcumyMamu B mHTepBae 100 — 150, 200 — 330 u
700 — 850 °C. IlepBblit, 10BOJILHO OOJBLION YHIOTEPMHUYE-
ckuil 3ddekT, mpeacraBiseT mpouece AErUApaTanuy THi-
POCHJIMKATOB W ATTPUHrUTa. HeOoNbInoi 3HIoTepMUYe-
ckuii dpdekt B npenenax 780 — 800 °C npuHAAISKHUT TIe-
PEX0Jy THIPOCHINKATOB KallbIIHs B BOJUTACTAHMUT.

Amnanusupys pe3ynsTatel ITA MOXHO OTMETHTB, UTO B

10,44%

Ha ocHoBanmm paHHBIX 1udepeHInaIbHO-TePMH-
YeCKOro aHajii3a ObLI MPOBEIEeH 00KUT LIEMEHTHOIO KaMHSs
mpu temmepatype 700 °C 1 H30TepMUIECKOH BBIACPKKON 1
u 3 gaca. IlomydeHHBIH MaTepHan HCIOJIB30BaNCA Kak JA0-
0aBKa K IIEMEHTY.

B Tab1n.1 npuBeneHbI pe3yabTaThl HCIBITAHIH 0OBIYHOTO
noptinanauemenTa I[111-500 ¢ mo6aBkoit 0003xeHHOrO Iie-
MEHTHOTO KaMHSL.

Pe3yanaTb1 HUCIIBITAaHUHN HCCIICAYCMBIX IEMEHTOB IMOKa-
3BIBAOT, YTO A00aBKa K OOBIYHOMY LIEMEHTY «CTaporo Iie-
MEHTay TOCIIE ero 00KUra, HECKOJIBKO CHHXKAeT POYHOCTh
LIEMEHTHOTO KaMHS.

CHIKeHne NMPOYHOCTH LIEMEHTHBIX 00pasloB ¢ 100aB-
KOIl «CTaporo LEMEHTHOTO KaMHS» OOYyCJIOBJIEHO €ro Io-
BEIIEHHOH BojomoTpeOHOCThIO. CormacHo maHHeIM JITA
(Tabn.2) y oOpa3ioB CO CTapblM IIEMEHTOM B HHTEpBalle
temnepatyp 50 — 170 °C moBplmeHHOE coAep)KaHHE aj-
COpOIIMOHHOW W KPHCTAJUIM3AI[MOHHOW BOBI, MPUYEM I10-
BBIIIICHHOE €€ KOJINYECTBO OTMEdaeTcs B oOpaslax ¢ He-
0003KEHHBIM [IEMEHTHBIM KaMHEM, a HauMeHbIlee — y 00-
pas3loB CO «CTapbiM IIEMEHTHBIM KaMHEM)» O0O03)KEHHBIM B
tedenne 3 gac. [loBbIIEHHAs TPOYHOCTH TAK)KE OTMEUACTCS
y 00pa3loB C IIEMEHTHBIM KaMHEM, HOABEPIrHYTOM TEPMH-
yecKkoi 00paboTKe IUTETLHOE BPEMSL.

3akiiouenue. [IpoBeeHHBIMU HCCIEAOBAHUSIMU C TIO-
Moo auddepeHnanTsHO-TePMIYECKOTO aHal3a ITOoKa-
3aHO MpPEBpAlCHUE TWAPATHPOBAHHBIX I[EMEHTHBIX MHHE-
paJioB B COCAMHEHHS, KOTOPEIE MOT'YT IIOBTOPHO TMIpaTpH-
poBatbes. [lokazaHo, 4TO 3aTBEpIEBINMI IIEMEHTHBIN Ka-
MEHb HE00X0auMO 0oOurath npu temmeparype 700 °C wu
KEJaTeJIbHO JUTUTEITLHOE BPEMSI.

W3zydeno BiusiHAE 000KKEHHOTO IEMEHTHOTO KaMHsI Ha
MIPOIIECC THApPATAMM W TBEPIACHUS LIEMEHTa, W ITOKa3aHo,
YTO HMCHOJIb30BAaHUE OCTAaTKOB BSDKYILETO B MEJIKOM 3aIoJI-
HUTEJNE HE KPUTHYHO CHIDKAIOT MPOYHOCTH TBEPICIOIIETO
LIEMEHTA U HE TOBJMIIOT Ha KAYECTBO BHOBb IOJIy4aeMOTO
LIEMEHTA.
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Ta6auua 1 — [Ipounocts neMenTHOro0 KaMmust [T M500 1 neMeHTOB ¢ 100aBKOii 000KKEHHOT0 IEMEHTHOT0 KaMHS

s TG IIpounocTs npy n3ruode, [IpovHOCTH IIpH CXKATHH,
MIla MIla
HeverTa 1 cyr 3cyt Teyr 1 cyt 3cyr Teyt
TI1L 24,9 47,9 531 21,0 48,2 51,1
11 + 10% CLK-1 17,5 37,5 47,5 14,8 42,7 48,8
11 + 10% CLK-2 15,0 37,3 43,6 10,5 39,9 51,0
11 + 10% CLK-3 13,3 31,7 41,4 10,1 39,6 45,4
Ta6auna 2 — [ToTepu Macchbl IKCHEPUMEHTATBHBIX cOcTaBOB U 00b14HOrO I111 no nanubimM ATA
CocraB HCIBITYEMOTO Cpoku O6mas moreps Iloreps maccel B %
LIEMEHTa TBEPJICHUS, MaccHl, B nHTepBaie,°C
cyT %
30-170 180-220 450-560 720-790
3 13,70 6,09 0,87 1,96 0,87
TILL 7 16,50 6,31 1,40 2,11 0,98
90 18,57 7,50 1,71 2,50 1,07
3 16,33 6,53 0,41 0,71 0,51
11 + 10% CLK-1 7 18,85 6,54 0,77 1,46 1,15
90 19,83 7,12 1,35 2,03 1,19
3 16,00 5,55 1,77 1,33 1,11
11 + 10% CLK-2 7 19,63 5,93 1,78 1,67 2,41
90 21,61 8,93 1,93 2,68 2,56
3 16,90 5,95 1,90 1,43 0,83
1T + 10% CLK-3 7 19,09 6,03 2,00 1,64 2,36
90 22,03 8,47 2,03 2,37 2,53
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Ceramics based on B-calcium pyrophosphate B-CazP-07 were obtained by firing of samples formed from a paste including water,
monocalcium phosphate monohydrate Ca(H2PO4)2H20 and calcium citrate tetrahydrate Cas(CeHsO7)24H20 at the molar ratio Ca/P=1.
According to XRD data, the sample after hardening and drying included brushite CaHPO42H20, monetite CaHPO4, and monocalcium
phosphate monohydrate Ca(H2PO4)2H20. After firing at 1000°C, the phase composition of the ceramic was represented by B-calcium
pyrophosphate B-Ca2P.07. The paste of the suggested composition can be used for plastic molding of pre-ceramic samples and products,
including extrusion layer-by-layer printing. Ceramics obtained by firing of cement stone formed from the described hardening paste can be
used as resorbable materials for bone implants.

Keywords: monocalcium phosphate monohydrate, calcium citrate tetrahydrate, chemical binding, brushite, monetite, phase
transformations, calcium pyrophosphate, ceramics

Alimov L.A., Voronin V.V., Larsen O.A. Assessment of the influence of concrete components on the formation of its
structure and properties

Alimov L.A., Voronin V.V., Larsen O.A. NRU MGSU Moscow state University of civil engineering, Moscow, Russia

The main statements on structural and technological theory are considered. The influence of concrete components on structure formation
and properties is obtained by their quantitative values. The presented structural and technological characteristics are common for concrete
and concrete mixture. It is possible to optimize the composition of concrete, based on the dependencies of the type "composition-structure-
properties”. This approach creates the basis for computer modeling on the concrete structure and properties. By the use of various
supplementary cementitious materials it is possible to optimize the composition by mathematical models "structure-properties” and by
establishing three argumentative characteristics. These include: the volume concentration of cement paste in concrete, the affective water-
cement ratio at the end of the formation period of the structure and the hydration degree of cement.

Keywords: cement paste, mortar and concrete mixture, structural and technological characteristics, period of structure formation,
structure, properties.

Samchenko S.V., Abramov M.A., Egorov E.S. Features of cement paste hydration and hardening processess with the
addition of hydrated cement

Samchenko S.V., Egorov E.S. NRU MGSU Moscow state University of civil engineering, Moscow, Russia
Abramov M.A. Yaroslavl State Technical University, Russia

The article is about application calorimetry method for influence investigation of the additive of pre-hydrated cement slurry (PHC) on
cement hydration. Pre-hydration of the cement lasted 2, 4, 6 hours with forced mixing at W/C equal to 0.7. The results of heat measurement
were obtained by using a simple calorimeter. The test was carried out for 28 hours. It is shown that the addition of PHC2-10%, PHC4-10%
and PHC6-10% leads to an offset the peak of heat generation by 1.5, 2.4, 2.5 hours earlier. It is concluded that this additive leads to
intensification of heat generation and, consequently, affects the hydration of cement, as well as the properties of cement paste and stone. The
obtained conclusions about the acceleration of hydration, setting time and hardening cement paste are correlated with earlier tests of strength
and setting time.

Keywords: addition in concrete, heat of hydration, kinetic of hardening, setting time, calorimeter.

Gusev B.V., Krivoborodov Yu.R., Potapova V.A. Possibility of secondary application concrete breaker

Gusev B.V. President of the International and Russian Engineering Academies, Doctor of Technical Sciences, Professor, member of the
Russian Academy of Sciences.
Krivoborodov Yu.R. Dmitry Mendeleev University of Chemical Technology of Russia

The authors raised the issue of the secondary use of concrete scrap and substandard reinforced concrete products. Analysis of the
experience of using concrete scrap in the practice of building materials science showed that the use of these wastes in production has not been
fully explored in the field of technology for building materials and products. In this article, a physicochemical study of the properties of
concrete scrap is carried out.

Keywords: secondary concrete, concrete breaker, differential - thermal analysis, physicochemical analysis, substandard construction
products, compressive and bending strength, construction, concrete, cement paste.
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