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KEPAMUKA HA OCHOBE IMPOPOCPATA KAJBIUA, IOJYUYHEHHASA OBKUT'OM

IEMEHTHOT' O KAMHSA

Cadponona T.B., JIykuna 10.C., Cukos C.II., Tomes O.Y., Kazakosa I'.K.,
IaTagosa T.b., ®uaunnos S1.10., Mamorun K.B., Asuzsau-Kagangapar 51.

Kepamuxa na ocnoge f-nupogpocgpama xanvyus f-CazP207 6vira nonyuena obsicucom o6pasyos, cgpopmosanmvix u3 nacmol, 6K104YA-
1oweti 600y, monoxanvyutipocpam monoeudpam Ca(H2P04)2H20 u yumpam xkanvyus mempazuopam Cas(CeHsO7)24H20 npu moavrom
coomnowenuu Ca/P=1. ITo dannvim POA obpaszey nocie meepoenus u cyuiku exmouar 6pyuwum CaHPO 4 2H20, monemum CaHPO4 u
monokanvyutipocpam monocudpam Ca(H2P04)2H20. Iocne obacuea npu 1000°C pasoswviii cocmas kepamuku 6uL1 npedcmaeiet f-
nupogpocpamom xanvyus f-CazP207. [lacma npednoscennozo cocmasa mosicem 6vimv UCNONL306AHA Ol NAACMUYECKO20 POPMOBAHUS
npexepamuieckux 06pasyos u usoeauil, BKI0UAA IKCMPY3UOHHYIO NOCTOUHYIO neuamb. Kepamura, noiyyeHHas 004Cueom yemenmHo2o
KAMH5, ChOPMOBAHHO20 U3 ONUCAHHOU MEepoerowyell Nacmbl, Modlcem Oblmb UCNOIb306AHA 8 KaYecmee pe3opoupyemo20 Mamepuana Os

KOCMHbBIX UMNIAHMAmMOoe6.

Kniouegvie cnosa: monoxansyuiighocgpam monocuopam, yumpam Kaaibyus mempasuopam, Xumuieckoe cesa3vieanue, opyuium, mote-

mum, ¢pazosvle npegpawenus, nupogocgham Kanvyus, Kepamura

BBenenune. Heopranndeckue matepuaibl Ui KOMITCH-
Calluyl WK JIeYeHUs! Ne(heKTOB KOCTHOM TKaHHU MOITY4aroT C
HCIIOJIb30BaHUEM TEXHOJIOTHH cTekna [1] u cutamwioB [2],
BSKYIIMX MaTepuaioB [3] u xkepamuku [4]. DPa3oBbIi U XH-
MHYECKHH COCTaB TaKMX MaTEpPHAIOB JOJDKEH OoOecredn-
BaTh OMOCOBMECTHMOCTb MAaTEpHAaJOB, IMPHUMEHSEMbIX B
Ka4ecTBE JIEKapCTBEHHBIX CPEACTB. Takwe MaTepHansl B
3aBUCHMOCTH OT pEIIaeMbIX 3a/ad MOTYT OBITh YCTOWYH-
BBIMH B Cpelie OpraHu3Ma WIH pe3opOoupyeMbIMH (pacTBO-
puMbIMH). PezopOupyemble MaTepraibl IPUMEHSIOT B pere-
HEepaTUBHBIX METOJMKaX JieueHHs: Je(eKTOB KOCTHOW TKa-
Hu. Kepamuka B cucreme CaO-P,0Os, npumensemas B Menu-
LMHE WIM HaxXoJsmascs Ha CTaJuM pa3pabOoTKH, MOXKET
BKJTIOYATH CIEAYIOMIHE pe30poupyemble Gas3sl ¢ pa3InIHBIM
MOJIbHBIM ~ cooTHolnenuem Ca/P:  Tpukambimiidocdar
(Ca/P=1,5), mupodocdar kampuusa (Ca/P=1,0), mommdocdar
kanbuus (Ca/P=0,5). Kepamuka Ha ocHoBe nupodocdara
kanbist CapP;07 BhI3bIBacT BCe OOJBIINI MHTEPEC H3-3a
OMOCOBMECTHMOCTH M CIIOCOOHOCTH IIOCTEIIEHHO Pe30pOoH-
pOBaThCs IPU UMILJIAHTALIAH.

[Nopormmkn i MoMydeHHs KepaMUKH Ha OCHOBE ITHPO-
¢docdara kansust CaP207 MOTYT OBITH MOJTyYEHBI OCAXKIE-
HHUEM M3 PacTBOPOB, B YCIOBHSIX MEXaHHMUYECKOI aKTHBAIMU
WIA C UCIOJIb30BaHHEM TBepAoQa3Horo cuHTresa [5].
[penmectBennrkaMu assl nupodocdara B KEpaMUKe MO-
ryT OBITH MOPOIIKK OpyIIuTa, MOHETHUTA [6], THIPAaTHPO-
BaHHOrOo mupodocdara kanpius [7], a Takke U TUPodoc-
(ata xampiust B opme y- win B-moauduranuit [8]. Dop-
MupoBanue (asbl nmupodocdara KaIbIHsS MOKET HPOHUCXO-

JMTH TIPH HarpeBaHWM TOPOIIKOBBIX CMECEH B pe3ysbTare
MPOTEKaHU reTepodasHbIX PEeaKUu MEXIy HCXOIHBIMU
KOMITOHEHTaMH WJIM TPOJYKTaMH UX TepMHUYECKOH KOHBEp-
cuu [9].

Kepammka Ha ocHOBe [-mupodocdhara kampims [-
CayP207 Taxke MOXKET ObITh MOJIydeHa 00XKHMIOM OpyLIHT-
HOTO IIEMEHTHOTO KaMHs, KOTOpBIH chopMupoBaics HpH
B3aMO/ICHCTBUH TIopolika Tpukajibiuidocdara Caz(POas)2
BOJIHOTO pacTtBopa docdopHoi kuciaoTel HzPOs [10]. U3-
BECTHO 00 HCIOJIb30BaHUM KaJbIMH(POCHATHBIX IEMEHT-
HBIX CMeceill s CO3JaHHs M3JENHH C HCIOJIb30BaHHEM
IUTACTUYECKOT0 (POPMOBAHMUS WIIM SKCTPY3MOHHOU IMOCIION-
Ho#t meuatu [11]. [Ins OpymIUTHBIX IEMEHTOB XapakTepHa
BBICOKas CKOPOCTh CXBaThIBaHUS. [loOaBieHHe 3amenTe-
neit TBepeHus [12] MO3BOJISAET YBEIUYUTH CPOKH CXBAThI-
BaHMS U CIEIaTh BO3MOXKHBIMH JKCTPY3HOHHOE (hOpMOBa-
HUE WM OOBEMHYIO IOCIIOWHYIO IeYaTh M U3 LIEMEHTHBIX
cMecei, B KOTOpbIX oOpa3yercsi Opymur. B kadectBe 3a-
MEUINTENS] TBEPACHHS OPYIIUTHBIX [IEMEHTOB MOXET OBITh
HCIIOJIb30BaHa JUMOHHAas kucioTa [13].

Llenv nacmoswezo uccnredosanuss COCTOSIA B TIOTyde-
HUM KEepaMUKH Ha OCHOBe P-mupodocdara xambuus -
CayP,07 obxurom 00pa3oB cHOPMOBAHHBIX M3 BOJHBIX
BBICOKOKOHIICHTPUPOBAHHBIX  CYCHEH3MH, BKIIOYAIOMINX
mutpar Kanbiws terparuapar Caz(CsHsO7)24H20 u mowo-
kanbiuiipocdar monoruapar Ca(H:PO4)2H20, Mexay xo-
TOPBIMHM IPOTEKAeT XMMHUYECKOe B3aMMOJEHCTBHE C 00pa-
30BaHMeM THuapodochaToB Kambimsa (OpymInTa X MOHE-
TUTa) — IEPKypcopoB (azbl nupodocara Kamblys, a TAKKeE
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nmuMoHHOM KucaoTel CeHgO7, sBisromieiicss 3amenauTeraeMm
TBEPJICHHsI OPYIITUTHBIX [IEMEHTOB.

MarepuaJibl 1 METOABI.

KonmuecTBo MCXOOHBIX cOJeH /s HOATOTOBKU IOPOLI-
KOBOI1 CMECH PacCUHMTHIBAIIH, UCTIONB3YS peakuuio (1):

3C&(H2PO4)2'H20+ Cas(CeH507)2'4Hzo + 5H,0 =

6CaHPO,4 2H,0+2H3CsHs507 (l)

Pacuer coctaBa MOpOIIKOBON cMecH Ui IOJIyYEHUS
opymura CaHPO, 2H,0 (mpexypcopa nupodocdara Kaib-
st  CaP,07) w3 1mmTpara KaJbIlMs — TETparuapara
Cas(CeH507)24H20 u monokanbimiidhochara MOHOTHIpPATa
Ca(H2P04)2H,0 mpencraBnen B Tabn.l. PaccumranHbie
KOJIMYECTBA MOPOIIKOB MOHOKanbLuidochaTa MOHOTHIpa-
ta Ca(H2PO4)2H20 (CAS Ne 10031-30-8 puriss. p.a.>85%,
Sigma-Aldrich) u TpukanbuUAIUTPAT UUTPaTa TETParuapa-
ta Ca3(CeHsO7)24H,O (CAS Ne 5785-44-4, puriss.
p.a.>85%, Sigma-Aldrich) TmarensHo mepemenMBatd B
KpYTiI040HHOW Kojbe B TeueHne 20 MUHYT. A 3aTeM K I10-
Jy4eHHOH MOPOIIKOBON CMeCH MOOaBISLIN BOAY IpPHU Mac-
COBOM COOTHOIICHHH BOJIa/TIOPOIIOK paBHOM 0,5.

Ta6auna 1. Pacyer cocTaBa nopoukoBoi cMecu s

nosyuenust 6pymmra CaHPO4 2H20

3aiaHHbIH (a30BbIid CocraB MOpPOIIKOBOM CMECH, T
COCTaB, T
KepaMUKH 00pa3uos Ca(H:PO4)H,0 | Cas(CsHs07)2:4H,0
(CayP,07) nocie ¢op-
MOBaAHUA
(CaHPO,
2H,0)
100,00 135,43 99,21 74,80

dopMoBaHHE TPOBOAMIN C UCIIOIH30BAHUEM JIATEKCHOM
(dopmel, To3BOIISIOIIEH ToNy4aTh oOpasmbl 30x10x10 mMM.
CdopmoBaHHBIE W3 BBHICOKOKOHIICHTPUPOBAHHBIX CYCIICH-
3ui (1mact) 0Opasibl NOCE TBEPJCHUS B U CYIIKU B TEUCHHE
HeJleNId IpY KOMHATHOW TeMIIepaType OOXKHTalnu Mpu pas-
JIMYHBIX Temreparypax B uatepBaie 600-1000°C (ckopocTth
HarpeBa — 5 °C/MuH, BBIACPKKA IPU 33JaHHON TEMITEpaType
2 yaca, OXJIKJEHHE BMECTE C I1E€YbI0).

JluHeliHyl0 ycaakKy M TeOMETPHUYECKYIO MIOTHOCTh 00-
pa3loB KepaMHUKH OIPEAEISIN, U3MEPUB UX Maccy M pas-
Mepsl (¢ TouHocThI0 £0.05MM) /10 U ocse 0OXKura.

Pentrenodasosenii anamm3 (PDA) oOpasmoB mocie
(dopmoBaHus M OOXHra HpPOBOAWIM Ha JudpakToMeTpe
Rigaku D/Max-2500 ¢ Bpamratorumcst anogoM (Smonns) ¢
ucnionszoBanueM CuKo manmydenus. [ns onpenenenus da-
30BOT0 aHallM3a UCTIOJIb30Bau 0a3y nanueix |ICDD PDF2.

MHUKpOCTPYKTYpY OOpasloB HCCIENIOBAIM METOJIOM
pacTpoBoit »neKTpoHHOH Mukpockonuu (POM) Ha anek-
TpouHoM Mmukpockorie LEO SUPRA 50VP (Carl Zeiss,
I'epMaHus; aBTOAMHCCUOHHBIA HMCTOYHHK); ChEMKY OCY-
LECTBISUIM NpU ycKopstomeM HanpsbkeHun 3-20 kB Bo
BTOPHYHBIX 3JIeKTpoHax (nerexktop SE2). Ha mosepxHoCTh
00pa3IoB HAMBUILIA CII0H Xpoma (1o 10 HM).

Pe3yabTaThl U HX 00CyKAeHUe.

ITocne TBepaeHus (MPOIOIKUTENHEHOCTD ~ 30-40 MUH) 1
CYIIKH JINHEHHas ycaaka oOpas3noB coctaBmia 9 %, a miot-
HOCTh 00pas3ioB — 1,5 r/em®. Tlo mannBIM PDA, hasossiit
coctaB 00pa3uoB Obutl mpejcraBien Opymmutom CaHPO4
2H,0, monerutom CaHPO4 u MoHOKanmbIHiipochaToM Mo-
unoruaparom Ca(H2PO4)2H,0 (puc. 1).

®opmuposanue (ha3oBOro cocraBa MOXET OBITH OTpa-
KeHo peakiuei (1) u peakuueit (2).

3C&(H2PO4)2'H20 + Cas(CsH507)2'4Hzo =

6CaHPO,4+2H3CgHs07 + 7H.O (2)
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Pucynok 1. POA obpazya, 3ameepoesuiezo nocie
dopmosanus uz nacmel u cywiku
0 - monokanvyuiigpocpam monozudpam Ca(H,PO,),H,0
(kapmouka PDF Ne 9-347);
* - gpymum CaHPO,2H,0 (kapmouxa PDF M 9-77);
# - monemum CaHPO, (kapmouxa PDF N 9-80).

ITpu aTOM mNpUCYTCTBHE MOHOKanblmiochara MOHO-
rugpata Ca(H2PO4)2HoO B ob6pasiie mocne (opMoBaHwus,
TBEPJCHUS U CYIIKH YKa3bIBaeT Ha TO, YTO MUCXOJIHBIC KOM-
MTOHEHTH! He OBUIH MOJTHOCTHIO HCYEPIIaHbl B peakuusix (1) u
(2). Mukpoctpykrypa obOpasma (puc. 2) chopmupoBaHa
MHOXECTBOM YacTHUI] TUIACTUHYATOW MOPQOIIOTHH, Xapak-
TepHOW mist ruapodocdaToB Kambums, ¢ pasmepoMm 5-10
MKM TI0 jiuHe U 1-3 MM o mupuse. [IpouHocts 06pa3ios
Ha cxarue cocraBmwia 10,7 MIla. laraeie POA o0Opasios
rocsie o0OXKura IpH pa3iIM4HbIX Temreparypax (puc. 3) ui-
moctpupyioT Qopmuposanue (azosoro cocrasa. Ilocie
obxura mpu 600°C B oOpasine oOHapyXeHBI ¢a3bl Y-
mupodocdara xampis y-CaP207 (kaprouka PDF Ne 17-
499) u B-nmomudocdara xampuus P-Ca(POs), (kapTouka
PDF Ne 9-363), koTopbie opMupytoTcst o peakiusm (3) u
(4) COOTBETCTBEHHO.

2CaHPQ,4 = CayP,07 + H20 (3)

Ca(HzPO4)z'HzO = Ca(P03)2 + 3H,0 (4)

10pm
Mag= 200KX }—I|

Pucynok 2. Mukpogpomozpagpusa cxkona oépasya nocne
dopmosanun u cywmku

[ocne obxwura mpu 800°C o manHbM POA obHapyxe-
HBl ¢a3bl PB-mmpodocdara kampnus P-CaxP.O7 (kaprouxa
PDF Ne 9-346), a Takxe B-nomudocdara kampuus f-
Ca(POs); (xaprouka PDF No 9-363) u B-TpHKasbIlHii-
¢docpara B-Caz(PO.), (xaprouka PDF Ne 9-169). O6paso-
Banne [-Tpukansimiigoctara B-Caz(POs); mMoxker OBITH
00YCIIOBJICHO B3aMMOJCHCTBUEM mHpodochara KaabLus
CayP,07 u kapbonara kanbius CaCOs (peakuus 5). Tepmu-
YeCKOe Pa3NIoKEHHE He BCTYIUBILETO B PEAKIHI0 IpH Hop-
MoBaHuM 00pasuoB rurpara Kanbims Cas(CsHsO7)24H20
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no kapOonara kanpius CaCOz sBiseTCS MHOTOCTYIICHYA-
TBIM U CYMMAapHO MOXET ObITh OTPAKEHO peakiuei (6).
CaCOs3 + CazP,07 = Ca3(POa4)2 + CO2 (5)
Ca3(CsH507)24H,0 + 90, = 3CaCO3 + 9H,0 + 9CO,, (6)

5000 +

1000°C
4000

3000

f v v o
2000 v . vv\}’vvavV o YoV 800°C

WHTCHCUBHOCT

1000 4

T T T T T T T T
0 10 20 30 40 50 60 70

Pucynok 3. P®A oopasuoe nocre ooacuca npu 600°C, 800°C,
1000°C
+ - y-Ca,P,0; (kapmouxa PDF Ne 17-499);
0 - p-Ca(PO;), (kapmouka PDF M 9-363);
¢ - p-Caz(PO,), (kapmouxa PDF Nz 9-169);
V - f-Ca,P,0; (kapmouxa PDF N 9-346)

[ocne ooxura npu 1000°C no nanubiM POA obnapy-
JKeHa ToJIbKO (haza P-mupodocdara xampnus B-CaP207
(xapTouka PDF Ne 9-346). IlomydeHHBIe NaHHBIE CBHIE-
TENLCTBYIOT O TOM, 4TO ()a30BBIil COCTaB KepaMHU4ECKOIO
Mareprana GOpMUPYETCs KaK pe3yJbTaT IBYX CLICHApHUEB.
A MMEHHO, BCIICJICTBHE TEPMHUYECKOW IBOJIONWH OpyHHTa
CaHPO42H;0 u monerura CaHPO4 o mupodocdara kanb-
st CayP207, a Takxke B pe3ynbrare B3aMMOJICHCTBHSI IIPO-
JIYKTOB TEPMHUUYECKOHN AECTPYKLIMU KOMIIOHEHTOB, HE BCTY-
NUBLIMX B PEAKIHUIO Ha CTAJIUH (POPMOBAHUSL

Ha puc. 4 npezacTaBieHa MUKPOCTPYKTYpa MOJIy4YEHHOTO
mocie obxkura mpu 1000°C kepaMHYecKOTO MaTepuaa.
Pasmep 3epeH B ocHOBHOM cocTaBisieT 4 — 6 MkM. Pazmep
mop coctaBui 7 — 30 mxM. JlnHeiHas ycanka oOpa3ioB mo-
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Pucynok 4. Muxpogpomoczpaghusa cxona oopaszua nocne
obcuza npu 1000°C

3akarouenue. [lopucTelii kepamuueckuii OHOCOBMe-
CTHUMBIH MaTepuan Ha ocHOBe [B-mmpodochaTa Kampuus -
CayP207 6b11 nonyuen otxurom npu 1000°C nomydabpu-
kara (IEeMEHTHOTO KaMHsi), (ha30BBIi COCTaB KOTOPOTO
chopMUpOBAJICS B pe3yNbTaTe KHCIOTHO-OCHOBHOTO B3au-
MOJEHCTBHS UCXOIHBIX KOMIIOHEHTOB C HU3KOIl pacTBOpH-
MOCTBIO NIPU 3aTBOPEHHM BOJOM Ha cTajud (OpMOBaHHS.
BBICOKOKOHLIEHTPUPOBAaHHAsE ~ CYCIICH3US,  BKJIIOYAIOIIAs
mrrpat kasbist teparuapar (Casz(CsHsOr)24H20) u Mono-
kanbiuii pocdar mouoruapar (Ca(H2PO4)2'H20) Gaarona-
pst 00pa3oBaHUIO IPH TBEPIACHHH 3HAYMTEIBHOTO KOJIMYE-
CTBa 3aMEIUTUTENs] TBEPICHUsI (JMMOHHOW KHCIOTHI), MOJ-
XOJUT JUIS MCIOJIBb30BAHUS TUIACTUYECKOTO (HOPMOBAHMS,
BKJIIOYast SKCTPY3HOHHYIO ITOCTIONHYIO TIeYaTh.

BaarogapHocTh. PaboTa BBINOJIHEHA C MCIOJIB30BAHH-
eM 00opynoBaHHA, IPHOOPETEHHOTO 3a c4eT cpeacTB [Ipo-
rpaMMbl pa3BUTHs MOCKOBCKOTO YyHHBepcurteTa. [laHHoe
HCCIIEIOBaHKE BBIIIOJNHEHO NpH (UHAHCOBOHM IOIJEPIKKE
POOU (rpanter Ne18-53-00034 u Ne18-29-11079).
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Potapova E.N., Krivoborodov Yu.R. Obtaining complex environmental permissions by enterprises industry of building
materials: First results

Potapova E.N., Krivoborodov Yu.R. Dmitry Mendeleev University of Chemical Technology of Russia

The features of the transition to technological regulation in the field of environmental protection in the Russian Federation are de-
scribed. The steps taken by cement manufacturing enterprises to obtain the first integrated environmental permits are shown.

Keyword: environmental protection, best available technologies, integrated environmental permits.

Samchenko S.V., Kudryashov N.I., Gurkin A.Yu. Thermodynamic evaluation of the effect of calcium carbonate
on cement hydration

Samchenko S.V., Gurkin A.Yu. NRU MGSU Moscow state University of civil engineering, Moscow, Russia
Kudryashov N.1. Dmitry Mendeleev University of Chemical Technology of Russia

The use of calcium carbonate in the composition of cement compositions is considered from the point of view of its chemical activity
during cement hydration. The activity of limestone (calcium carbonate) was determined from the standpoint of the thermodynamic proba-
bility of the occurrence of reactions when comparing the values of the isobaric-isothermal potential or Gibbs energy (AG0298) of the oc-
currence of reactions during cement hydration. The magnitude of the change in isobaric-isothermal potentials was found by calculating the
AG = f(T) reactions in silicate systems based on known thermodynamic data. The values of the isobaric-isothermal interaction potential of
calcium carbonate with cement minerals during its hydration and crystalline hydrates formed in this process are calculated. The possibility
and preference of chemical reactions in cement compositions with calcium carbonate during cement hydration are analyzed. By the magni-
tude of the isobaric-isothermal potential AG0298, the degree of nonequilibrium of one or another reaction was estimated in real conditions.
The thermodynamic assessment of the effect of calcium carbonate on cement hydration made it possible to substantiate the manifestation of
the chemical activity of calcium carbonate when cement was added to the composition. The formation of calcium hydrocarboaluminate in
cement compositions with limestone and the possibility of the formation of calcium hydrosilicates of different compositions in such com-
positions are theoretically justified. The theoretical conclusions made allow us to determine further experimental studies in cement compo-
sitions with calcium carbonate.

Keywords: process thermodynamics, isobaric-isothermal potential, cement hydration, calcium hydrocarbonaluminate, calcium car-
bonate, limestone.

Kondrashenko V.1., Titov S.P., Kazakov A.A. Activation of cement in the mill of the vortex type. Part 2. Changing the shape of
cement particles

Kondrashenko V.1., Titov S.P., Kazakov A.A., Federal State Institution of Higher Education «Russian University of Transport» (RUT -
MIIT), Moscow, Russia

The results of the analysis of the shape of Portland cement grains subjected to processing in a vortex type mill are presented. To evalu-
ate the shape of cement particles, a dimensionless criterion is proposed, which is an elevated ratio of the particle area to the square of its
perimeter length. Using the proposed criterion, the scientific hypothesis on increasing the activity of cement by modifying the shape of
cement particles processed in a vortex type mill, which consists in giving the particles a more rounded shape, is confirmed. To assess the
shape of the particles, a region of rational integer values of the order of the proposed criterion is established.

Keywords: activation, vortex type mill, particle shape criterion, particle embossment, properties of Portland cement

Calcium pyrophosphate ceramics obtained via firing of cement stone

T.V. Safronova?, Yu.S. Lukina?, S.P. Sivkov?, O.U. Toshev!, G.K. Kazakova?,T.B. Shatalova?, Ya.Yu. Filippov?,
K.V. Malyutin?, Ya. Azizyan-Kalandarag®* ®

! Lomonosov Moscow state University (Russia, Moscow)
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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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