AHOTALIA

HaBimuyk B.I'. MexaHoxiMiyHa akTHBallisl MOPTIAHAIIEMEHTY 3 J0OAaBKOIO
MEJIEHOTO KBAapLOBOTO IMICKYy 1 1ii BIUIMB Ha MEXaHIYHI XapaKTEPUCTUKU
OyZI1BEIBHOr0 po3unHy Ta OeToHy. — Ha nmpaBax pykomnucy.

JlucepTarrist Ha 3100y TTS HAYKOBOTO CTYIEHS KaHIUaTa TEXHIYHIX HAYK 32
crienianbHicTiO 192 «byniBHULTBO Ta MUBUIbHA 1HXKEHepiss». — OliechKa AepiKaBHA
akajgeMis OYIIBHMIITBA Ta apXiTeKTypu MiHICTEpCTBa OCBITH 1 HayKu YKpaiHH,
Oneca, 2025.

JlucepTariiiina po6oTa MPUCBIYCHA TEOPETUIHOMY 1 EKCTIEPUMEHTAITLHOMY
JOCTI/DKEHHIO IIEMEHTHOTO KaMEHI0, OYHiBENbHOrO pO34YMHYy Ta O€TOHY 3
MOKpPAIICHUMH MEXaHIYHUMU BJIACTUBOCTSIMU Ha Mo i iKOBaHOMY
MEXaHOAKTHBOBAHOMY TIOPTJIAHAIIEMEHTI, 3 J00aBKOIO MEJCHOrO KBapIlOBOT'O
HICKY.

VY Berymi 00rpyHTOBaHO BUOIp TEMU JOCTIIKEHHS, MPEICTABICHO 3B’ 30K 3
HAyYKOBOIO TEMAaTHKOIO akaaemii, copMyiIbOBaHO METy Ta 3ajadl JOCIHiIKEHb,
NPEJICTABIIEHO METOMKH JOCIII)KEHb, BU3HAYEHO HAYKOBY HOBU3HY Ta MPaKTUYHE
3HAaYeHHs POOOTH.

Mera poOoTu moNITa€ B TIABHUINCHHI €(EKTUBHOCTI BHKOPUCTAHHS
NOPTIAHAIIEMEHTY B OyJiBEIbHUX pO3YMHAX Ta OCTOHAX MIIAXOM HOTO
MEXaHOXIMIYHO1 aKTHBAIlll Y pOTOPHOMY IIBUAKICHOMY 3MIllTyBayi B MPUCYTHOCTI
MEJICHOTO KBapIIOBOTO MICKY, MIKPOKPEMHE3EMY Ta CynepIiacTudikaTopy.

B po6oTi po3riasHyTI HaCTYIIHI 3aa41 JOCIIIKESHHS :

— BU3HAUUTH BIUIMB JOOAaBKM MEJIEHOTO KBapIOBOIO IMICKYy Ha
XapaKTepUCTUKH IIEMEHTHOTO TiCTa Ta MIIlHICTh IEMEHTHOTO KaMEHIO;

— BHW3HAYUTH CYMICHUW BIUIMB MEXaHOAKTHBAIll, J00aBKH MEIEHOTO
KBapIIOBOTO ITICKY Ta CynepruiacTu(iKaTopy Ha XapaKTEPUCTHKHU IEMEHTHOTO TICTa,;

— BHM3HAUWTH BIUIMB MEXaHOXIMIYHOI aKTHBAIlli MOPTIAHAILEMEHTY 3
100aBKOIO MEJIEHOr0 KBapllOBOrO MICKY Ta CylepruiacTu(dikaropy Ha MILHICTh Ha

CTHUCK IEMCHTHOI'O KaMCHIO,



2

— JOCHIAWTH BIUIMB MEXaHOXIMIYHOI aKTUBAIlli MNOPTIAHAIIEMEHTY 3
N00aBKOIO  MEJEHOro  KBapUOBOrO  MICKYy,  cymepruiactudikatopy  Ta
MIKPOKpPEMHE3EMY Ha MILHICTh Ha CTUCK OY/IBEJIbHOTO PO3UHHY;

— JIOCHIIUTH BIUTUB MEXAHOXIMIYHOT aKTUBallli, BMICTY MOPTJIaH/ILIEMEHTY,
100aBKU MEJIEHOTO KBapILOBOIO MICKY, CYNepIIacTU(PIKATOPY Ta MIKPOKPEMHE3EMY
Ha MIIHICTh Ha CTUCK Ta CTUPAHICTh OCTOHY;

— BIPOBAAUTH PE3YJbTaTU JOCHIIKEHb B IPOMUCIOBE BUPOOHUIITBO
OETOHHOT CyMillll HA MEXaHOAKTUBOBAHOMY 3MIIIAHOMY B’SKYYOMY B IPUCYTHOCTI
cynepruiactTugikaTopy.

VY mepuioMy po3nuii AucepTalii po3rsHYTI JiTepaTypHI JKepena, sKi

NOBSI3aH1 3 PO3IJIAJIOM IMHUTaHb IOJAO0 BHUKOPHCTAHHS MEXaHOXIMIYHOI aKTHBAIlii,
MEJICHOTO KBapIIOBOTO ITICKYy, SK MiHEpaJbHOI JTOOaBKH JO TMOPTJIAHIIEMEHTY,
cynepruiactTudikaTopiB Ta iX BIUIUB Ha BJIACTUBOCTI OYyAIBEIbHUX PO3YUHIB Ta
OETOHIB.

Pozkputro mepeBaru J00aBKM  MEJIEHOTO  KBapIOBOTO IICKYy [0
NOPTJIAHMLIEMEHTY, y TOPIBHAHHI 3 JAPYIMMH MiHepalbHUMHU Jo0aBkamu. lle
OB’ A13aHO SIK 3 ITUPOKHUM PO3MOBCIOKEHHSIM KBapIIOBOTO ITICKY B MPUPOJI, TaK 1 3
HOro MIITHOCTHUMH XapaKTepUCTUKaMH. BBeNEHHS MENEHOTO MICKYy J0 CKJIaay
NOPTJIAHMILIEMEHTY CIPUS€ SK 3HWKEHHIO BOJOTBEPAOTO BiAHOIIEHHS, TaK 1
3HIDKEHHIO BUTPATH 3MIMIAHOTO B’SKY4YOTO. 3aBISKU JPIOHIM JUCHIEPCHOCTI IS
no00aBKa CTpusi€e YIIUTbHEHHIO IIEMEHTHOTO KaMEHIO, 110 MiIBUIIYE HOTO MEXaHIYHY
MillHiCTh. OCKUIBKM MEJICHWI KBapIIOBHM IMICOK € 1HEPTHUM MarepiajioM, BIiH HE
BCTYMA€E B XIMIYHY PEAKI(IIO 3 TIAPATyIOUNMHU KOMIIOHEHTAMH IIEMEHTY.

JlolaBaHHsI MIKPOKPEMHE3EMY JI0 MOPTIAHAIIEMEHTY CIPUSIE TiBUNIECHHIO
HOro MIITHOCTI, JOBrOBIYHOCTI Ta CTIMKOCTI JO arpecuBHUX cepemoBuml. Lle
3yMOBJICHO JIBOMa OCHOBHHMH MEXaHI3MaMH: TYIIOJAaHOBOID PEAKII€0 Ta
VIIUTBHEHHSIM CTPYKTYPH IEMEHTHOTO KaMeHIo. [IymonanoBa peakirist BigOyBaeThCs
MDK MIKpOKpeMHe3eMoM Ta TigpokcuaoM Kanbilito (Ca(OH)2), mo yTBOproeThCs

Npy TigpaTamii 1meMeHTy. BHacmigok 11i€l peakilii yTBOPIOIOTHCS JOJAaTKOBI1



3

riparoBaHi cuiikatu kanbilito (C-S-H remni), siki € OCHOBHUMHU HOCISIMH MIITHOCTI
OeToHY.

[I{o cTocyeThes BILTUBY cynepriacTuiKyrodnx 100aBOK 10 OETOHY, TO CIIiJT
BIIMITUTH, 110 1X HasSHICTh B CKJIQJI1 SIK PO3YMHOBOI, TaK 1 OETOHHOI CyMIllll CIIpUsie
MTOKPAILEHHIO AKOCTI 3aTBEPALINX KOMITO3HUTIB. BuxopucTtanHus
cynepriacTuiKyrouux Jg00aBOK CHOpHSE 3HUKEHHIO iX BOJOMOTpeOU Mpu
OJIHOYaCHOMY 30eperkeHH1 a00 MIBUILEHH] IITMHHOCTI. B pe3ynbTaTi 3acTocyBaHHS
CynepIuiacTU(IKaTOpiB 3HUKYETHCS BHYTPILIHE TEPTS MK TOHKOJIUCIIEPCHUMU
YaCTKaMH MOPTIAHIIEMEHTY, 110 JI03BOJIIE OTpUMATH OUIBII OJHOPIIHI OETOHHI
CyMiIIi mpu 30epekeHHl BIAHOCHO HU3BKOrO BMICTY Boau. Bce 1ie mpuBome a0
MBUILECHHS SKOCT1 SIK OETOHHUX CyMIIIeH, Tak 1 0ETOHIB Ha X OCHOBI.

Hapsny 3 cyneprutactudikaropaMu TMO3UTUBHUK BIUIMB Ha BJIACTHUBOCTI
OyIiBEILHOTO PO3YMHY Ta OCTOHY HaJa€ aKTUBAIlisS MOPTIAHAIIEMEHTY. AKTHUBAIIis
NOPTJIAHMLIEMEHTY MpPEICTaBlige COOOI TMpOIEeC MiABUINEHHS WOro peaxiiiHoi
3IaTHOCT1 NUIAXOM (PI3UKO-XIMIYHOTO, MEXaHIYHOTO a00 TEepPMIUYHOIO BILIUBY.
Mertonu akTuBallii HOPTIAHALIEMEHTY CIIPSIMOBaHI1 Ha MIABUIIIEHHS HOTO aKTUBHOCTI
Ta TIONINIICHHS eKCIUIyaTallliHUX XapaKTepUCTHK. AKTHUBAIliE MoOXe OyTu
3M1CHEHA PI3HUMHU CIoco0aMu, BKJIIOUYarodM (i3WdHi, XiMiYHI Ta KOMOIHOBaHI
iAX01. AKTHUBAIIIS CIpHSE MPUCKOPEHHIO TiapaTallii Ta B3a€MO/1i KOMIIOHEHTIB,
MiBUIICHHIO AKTUBHOCTI CIOJYYHUX KOMIIOHEHTIB Ta 3HIKEHHIO BUTPATH
B’ SKYUOTO.

Cepen poO3TIsSIHYTHX METOAIB aKTHUBAIlli TMEPCHEKTBHUM € METOJ
MEXaHOXIMIYHOT aKkTHBaIlii. MexaHOXiMI4HA aKTHBAIlisl IPYHTYEThCS HA €HEPTii, 110
BUJIUISIETHCS 1] 9aC MEXaHIYHOTO BIUTMBY, 30KpeMa IpH TePTi, CTUCKYBaHHI, yapi
a6o po3puBi yacTtok B wMatepiami. Cepen OCHOBHUX (I3MUHHUX 3MIH TPHU
MEXaHOXIMIUHIN aKTUBAIlil IHTEpPEC MPEACTABIISIE aKTHUBI3allisd TOBEPXHEBHUX IIAPiB.
VY pe3ynbTaTi MexaHi4HO1 111 Ha MOBEPXHI YACTUHOK YTBOPIOIOTHCS aKTHBHI IIEHTPH,
31aTHI €PEKTUBHO B3a€EMOIISITH 3 BOAOIO Ta XIMIYHUMHU JTOOABKaMH, 110 MPUCKOPIOE
peakilii rigparaiiii. BukopuctanHs MexaHOXIMIYHOT aKTHBALlll HOPTIAHIUEMEHTY Y

TEXHOJIOT1i BUTOTOBJICHHS] PO3YMHOBHUX Ta OETOHHUX CyMIIIEH CIpUsiE OACPKAHHIO
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KOMIIO3UTIB 3 NIABULUIEHUMU MEXaHIYHUMM XapaKTepUCTUKAMH, OCOOJMBO Ha
paHHIX eTanax TBEPJAHECHHS.

Ha ocHoBi oTpumanHoi 1H(popmalii chopmyiaboBaHa OCHOBHA TiNoTe3a
JUCEepTaLiMHOrO JociikeHHsl. BoHa mnossrae y migBHUILEHHI €()EeKTUBHOCTI
BUKOPHUCTaHHS NOPTIaHALIEMEHTY B Oy/1IBEJIbBHUX pO3UMHAX Ta O€TOHAX 32 PaXyHOK
Horo MexaHoXxiMiuHOi akTuBauii. OcoOOJMBO 3pOCTa€ poJib MEXaHOXIMIUHOI
aKTUBaIlll B’SKYy4Oro, MpU CYMICHOMY BHMKOpPHUCTaHI cynepriiactudikaTtopy Ta
MEJIEHOro KBapuoBoro micky. CymicHe 3aCTOCYBaHHS peLENTYPHO-TEXHOJOTTUHUX
¢akropiB  (PT®d) — wmexaHoakTuBalii, MeJEHUH  KBapUOBOrO  MICKY,
MIKpOKpEMHE3EeMY Ta CynepruiacTu(ikaTopy CIPHUSE€ MMiIBUILIEHHIO MEXaHIYHUX
XapaKTePUCTUK SIK OYy/1IBEIbHUX PO3UYMHIB TaK 1 OETOHIB.

VY npyromy posjiijii HaBeJeHO OJIOK-CXEeMY JOCIIIKEHb Ta MOCIIAOBHICTD 1X

npoBeieHHs. [IpecTaBieHo XapaKTepUCTUKU CUPOBUHHHMX MaTepialiB Ta I00aBOK.

VY nocnimxenHsax BukopuctoByBaiu noptiananement I 11/A-K(IL-B)-
500P (i3 cuwiaikaTHUM TMJIOM Ta TPaHYJbOBAaHUM JOMEHHHM IIIJIAKOM),
cynepmiactudikarop Penakcon-CyneplIK, kBaproBuii micok 3 M,=2,5 Ta MeneHui
KBapIOBMii Micok (mutoma nosepxHs 300 M%/kr). ¥V K0CTi KPYIHOIO 3alI0BHIOBAYa
BUKOPHUCTOBYBaBCs IpaHiTHUH meOinb ppakiiii 5-10 ta 10-20 MM y criiBBIAHOIIICHH]
50% mo 50% (mo wmaci). Y SKOCTI AaKTMBHOI MiHEpaidbHOI J00aBKa
BUKOPUCTOBYBABCs aMOp(HHIi MikpokpeMHe3eM (muToma nosepxHs 20000 M2/kr).

Y mpomecax TpPOBEACHHS JIOCHIKEHb Ta OOpOOKM pe3ylbTaTiB
BUKOPUCTOBYBAJIM METOJMKHA MAaTEMAaTHYHOTO TUIAHYBAaHHS EKCIIepUMEHTIB. Taki
METOJMKHU JTO3BOJMIN CKOPOTHTH KUTBKICTh HEOOXITHUX BUIPOOYBaHb, SIKi OyIu
HEOOXIHI JJIi BUSIBICHHS BIUIMBY HE3aJC)KHHX TMEpPEeMiHHUX (akTOpiB Ha
BJIACTUBOCTI OYIBENTHHOTO po3unMHy a00 OeToHy (mpw 3a0e3medeHHi HeOOXiTHOi
TOYHOCTI Pe3yJIbTaTiB).

Jlnst Bu3HadeHHs BIuBy PT® Ha MIIHICTh HA CTUCK IIEMEHTHOTO KaMEHIO,
Oy/iBeJILHOTO PO3YMHY Ta O€TOHY Oyiu mpoBeeH1 ABOPAKTOPHUM, TpUuPaKkTOpHU

Ta yoTUpuakTOpHUl T1aHOBI ekcniepuMenTH. Ontumizaiiss PT® npu BusHayeHi
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CTUPAHOCTI O€TOHy Jocsrajgacs IUISIXOM BUKOPUCTAHHS YOTUPU(PAKTOPHOTO
IJIAHOBOI'O €KCIIEPUMEHTY.

O6poOKy pe3ysibTaTiB €KCIePUMEHTATLHUX JOCHIIKEHb BUKOHYBAJIM 32
JIOTIOMOTOI0  KOMIT'IOTEpHUX TexHoJorid. 30ip, oOpoOka Ta kiacugikaris
OTPUMAHUX EKCIIEPUMEHTAIbHUX JaHMUX, peJaryBaHHA pHUCYHKIB 1 TrpadikiB
3IIACHIOBAIUCS 3a I0MIOMOT 00 MPOTPAaMHOT 0 3a0€3MeYeHHs], 1110 BXOAUTH J0 CKIa1y
Microsoft Office 2016.

[TobynoBa 1 aHami3 MOJMIHOMIAIBHUX MOJENEH BUKOHYBAIHCS 3
BUKOpUCTaHHAM JianoroBoi cuctemu COMPEX, 3a cranmapTHUMU METOAMKAMH 1 3
cryneHeM pusuky o=0,2.. Ileii komrekc po3poOieHo Ha kadeapi MPOIECiB 1
amapariB B TexHoJorii 6yniBenbHux matepianis OJJABA.

Y TperboMy po3aisii TPOBEJACHO EKCIIEPUMEHTANIbHI JOCTIIKEHHS 3

BUBUYCHHS BIUIMBY J00aBKH MEJICHOTO ITICKY JIO MOPTJIAHIIIEMEHTY Ha BIACTUBOCTI
IIEMEHTHOTO TiCTa Ta IEMEHTHOI'0 KaMEHIO, BIUIMBY MEXaHOXIMIYHOI aKTHBaIlii
MOPTIAH/IIEMEHTY Ha BJIACTUBOCTI IIEMEHTHOTO TICTa, BIUIMBY J00aBKHU
cynepruiacTugikaTopy Ha MEXaHI4HI BJIACTUBOCTI IIEMEHTHOIO TiCTa Ta CyMICHUM
BILJIMB HaBeJICHNX (paKTOPIB HA MIIHICTh IIEMEHTHOTO KaMEHIO Ha CTHUCK Y BiIll 3-X,
7-Mu Ta 28-Mu A10 TBEPAHEHHS.

ExcnepuMmenTansHO BCTaHOBIEHO, M0 go6aBka 20% MeneHoro IicKy
3abe3reuye 3HIKEHHS BOJIOTBEPOTO BiHOMIEHHS Outbine HiX Ha 10% (3 0,387 no
0,348), BimcTpodeHHsS IOYATKy TYyXKaBJCHHS Oimblne HDK Ha 16% Ta KiHIA
TykaBlieHHs Ha 11%, cmoBinbHeHIO€ mporec rigparamii Ha 60 xB. HasBHICTBH
no6aBku 40% MeneHOTo MICKY 3a0e3mnedye 3HMKEHHS BOJOTBEPJOTO BiTHOIICHHS
oinpme Hixk Ha 16% (3 0,387 10 0,324), BiacTpoueHHS MOYATKY TYKaBJICHHS OLTbIIe
HiK Ha 24% Ta KiHIA Ty>XKaBJIeHHs Ha 16%, CITIOBUTBHEHIOE TIpo1iec Tiapararii Ha 90
XB.

Buxopucranas mexanoxiMiuyHoi aktuBailii (180 cex) mopTiaaHAIIEMEHTY
BHUKJIMKA€E 3HMKEHHS BOJAOTBEPI0T0 BiHOIIIeHHS Maibke Ha 11% (3 0,387 mo 0,346),

a CyMICHMH BIUIUB akTHBaIlli Ta 700aBKU 40% MEJIEHOTO MICKY J03BOJISE€ 3HU3UTH
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BOJIOTBEpAE BigHOIIEHHs Maibke Ha 27% (3 0,387 mo 0,284). MexanoakTuBailist
BUKJIMKA€ MPUCKOPEHHS Mpoliecy rinpaTanii Ha 90 xB.

CyMicHe BUKOPUCTAaHHS MEXaHOXIMIUHOI aKTHBAllli Ta 100aBOK (MeJIeHUM
MICOK Ta CYNEPIUIACTU(IKATOP) JH03BOJSE€ 3HU3UTU BOJOTBEPAE BITHOLICHHS
3MilIaHoro B’sbkyudoro Ha 55% (3 0,387 o 0,173).

[IpoBoaunu 1BOGMAKTOPHUN IUTAHOBHM EKCHEPUMEHT MO BU3HAYECHHIO
BIUTMBY (haKTOPiB HA MILHICTh HA CTUCK IIEMEHTHOr0 KaMeHto. byso BUsBIEHO, 1110
BUKODUCTaHHS  MEXaHOAKTHBallli, = MEJIEHOI0  KBaplOBOIO  IMICKy  Ta
cymnepIuiacTU(IKaTopy CIpHsie 3HUKEHHIO BOJOLIEMEHTHOIO BiTHOIIEHHS Ha 55% (3
0,387 no 0,173), Ta migBuIIeHHIO MilIHOCTI Ha cTUCK Ha 87% (3 40,2 no 75,3 MIla)
y MapO4YHOMY BIII.

VY derBepTOMY PO3iJi MPOBEACHO EKCIIEPUMEHTANIbHI JOCTI)KEHHS BILTUBY

MEXaHOXIMIYHOT aKTUBAIlii, MEJIEHOT'O KBAapIIOBOTO IICKY, cynepruiactTudikaTopy Ta
MIKpPOKPEMHE3EeMY Ha MIITHICTh Ha CTUCK OyA1BEJIbHOTO pO3UMHY Yy Bii 1-1, 7-Mu Ta
28-mu 1110 TBepaHeHHS. [IpoBoauaM TpUDAKTOPHHUMN TIJIAHOBUM E€KCIIEPUMEHT IIO
BU3HAYCHHIO BIUIMBY BapifioBaHUX (DaKTOPiB HA MIIHICTh Ha CTUCK OYJIBEIBHOTO
PO3UHHY.

AHani3yroui pe3yJbTaTi OyJI0 BCTAHOBJICHO, IO MEXaHOXIMIYHA aKTUBAIlis
(180 cex) mopTiaaHIIIEMEHTY CIIPHUSE 3pOCTAHHIO MIIHOCTI OYIIBEILHOTO PO3UUHY
Ha ctuck Ha 13% (3 46 nmo 51,5 MIla) B Mapouynomy BiIi, mgo0OaBka
cynepruiactudikatopy (1%) crnpusie 3pocTaHHIO MIITHOCTI OYIiBEIBHOTO PO3YUHY
Ha cTUcK Ha 56% (3 46 mo 71,8 MlIla) B wmapouHomy Bimi, g00aBKa
MikpokpemHueszemy (10%) crpusie 3pocTaHHIO MIITHOCTI OyAiBETLHOTO PO3UYMHY Ha
ctuck Ha 8% (3 46 1o 49,5 MIla) B mapounomy Bimi. CymicHa Jisi MEXaHOXIMIYHOT
aktuBamii (180 cex), moGaBkm MeneHoro kBaproBoro mcka  (40%),
cynepractudikatopy (1%) ta mikpokpemuesemy (10%) m0 mopTiaHAIIEMEHTY
CHOpUSIIOTh 3HWKEHHIO BHUTpaTH IeMeHTy Ha 46% Ta 3pOCTaHHIO MIIIHOCTI
OyJiBeJILHOTO PO34MHY Ha cTUCK Ha 38% (3 46 no 63,8 MlIla) B MapouHOMY BiIIl.

VY n'sToMy po3aiii NpoBeIEHO EKCIEPUMEHTANIbHI TOCHI>KEHHS 3 BABYCHHS

CYMICHOTO BIJIMBY MEXAHOXIMIYHOT aKTHBallli, BMICTYy MOPTJAHJLIEMEHTY,
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MEJIEHOTO KBAapLOBOTO IICKY, CyHEpIUIaCTU(IKATOPY Ta MIKPOKPEMHE3EMYy Ha
MIIHICTh Ha CTUCK Ta CTUpPAHICT, OeToHiB. Jlns 1poro mpoBoaAMIU
4OTUPU(DAKTOPHUHN TUIAHOBUM €KCIIEPUMEHT 10 BU3HAYEHHIO BIUJIUBY (PAaKTOPiB Ha
MIIIHICTh HA CTUCK OCTOHY.

Busisneno, mo 30UIbIIeHHST BMICTY MOpTiaHAleMeHTy (Ha 29%) copuse
3pOCTaHHIO MIITHOCTI OeToHy Ha cTtuck Ha 19% B MapouHomy Biui. CyMicHa Jist
MexaHoXiMiyHO1 akTuBailii (180 cex) 3MIIIaHOTO BSXKYYOTO 3 J100ABKOIO MEJIEHOTO
kBapioBoro micky (40%), cynepmnactudikatopy (1%) ta mikpokpemuesemy (10%)
710 mopTiaaHAneMenTty (Ha 29% OibIie) 103BoJIsI€ 3a0€3MeUNTH 3HUKEHHS BUTPATH
nopraanaueMenTy 3 350 go 225 kr/m® (Ha 35,8%) Ta 3pocTaHHS MIlIHOCTI GETOHY
Ha ctuck 3 35,1 mo 58,3 MIla (ma 66%) B mapouHomy Bimi. CymicHa nist
MeXaHOAaKTHUBAIlll Ta J0OABOK MIJBUIIYE CTIMKICTh OETOHY A0 CTUpaHHA Yy 2,2 pa3u
(30,22 o 0,1 r/cM2) B MapoyHOMY BIiIll.

OTtpumaHi pe3yiabTaTH JAOCHIIKEHHS IMMATBEP/KYIOTh TINOTE3y PO
MOKpAIeHHsI BJIACTUBOCTEH (MIIHICTh HAa CTHCK, CTHUPAHICTh) SIK OymiBEIbHUX
pO3uYMHIB, TaK 1 OETOHIB NUISXOM BHUKOPHCTaHHS MEXaHOXIMIYHOI aKTHBaIlii
MOPTIAHIIIEMEHTY 3 J00aBKOI MEJICHOTO KBapIoBoro Imicky (mo 40% Bim Macu
MOPTIAHIIEMEHTY), CyHepruiacTugikaTopy Ta MIKpOKpEMHE3eMy, IpH YMOBI
3HIKEHHS BUTPATHU B’ SKYYOTO.

3a pesyipTaTamMu JOCIIIKEHb TUCEPTAIiiHOT pPOOOTH B TIPOMHUCIOBUX
yMOBaxX BUT0TOBIeHO 9 M3 6eTOHHOT CyMillli HA MEXaHOAKTHBOBAHOMY 3MIllIAHOMY
B’SDKy4OMY B IPUCYTHOCTI CyIepIuiacTuQikaTopy.

Kiro4oBi ciioBa: MexaHOXiMIYHA aKTHBAIlisg, MEJICHUI KBapIIOBHH MiCOK,
cymnepriacTugikaTop, MiKpOKpeMHE3eM, MOPTIAHAIIEMEHT, ITBUAKICHHUH 3MIITyBad,
€K30TepPMisl, MIITHICTh Ha CTHCK.

ABSTRACT

Davidchuk V.G. Mechanochemical activation of Portland cement with the

addition of ground quartz sand and its effect on the mechanical characteristics of

mortar and concrete. — Copyrighted manuscript.
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Dissertation for the degree of candidate of technical sciences in specialty 192
"Construction and civil engineering". - Odessa State Academy of Construction and
Architecture of the Ministry of Education and Science of Ukraine, Odessa, 2025.

The dissertation is devoted to the theoretical and experimental study of
cement stone, mortar and concrete with improved mechanical properties on modified
mechanically activated Portland cement, with the addition of ground quartz sand.

The introduction substantiates the choice of the research topic, presents the
connection with the scientific theme of the Academy, formulates the goals and
objectives of the research, presents the research methods, defines the scientific
novelty and practical significance of the work.

The purpose of the work is to increase the efficiency of using Portland
cement in building mortars and concretes by its mechanochemical activation in a
rotary high-speed mixer in the presence of ground quartz sand, microsilica and
superplasticizer.

The following research objectives are considered in the work:

— to determine the effect of adding ground quartz sand on the characteristics
of cement paste and the strength of cement stone;

— to determine the combined effect of mechanical activation, adding ground
quartz sand and superplasticizer on the characteristics of cement paste;

— to determine the effect of mechanochemical activation of Portland cement
with the addition of ground quartz sand and superplasticizer on the compressive
strength of cement stone;

— to study the effect of mechanochemical activation of Portland cement with
the addition of ground quartz sand, superplasticizer and microsilica on the
compressive strength of building mortar;

— to study the effect of mechanochemical activation, Portland cement
content, adding ground quartz sand, superplasticizer and microsilica on the
compressive strength and abrasion of concrete;

— to implement the research results in the industrial production of concrete

mix on a mechanically activated mixed binder in the presence of a superplasticizer.
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The first chapter of the dissertation reviews literary sources related to the
consideration of the issues of using mechanochemical activation, ground quartz sand
as a mineral additive to Portland cement, superplasticizers and their effect on the
properties of building solutions and concrete.

The advantages of adding ground quartz sand to Portland cement are
revealed, compared to other mineral additives. This is due to both the widespread
occurrence of quartz sand in nature and its strength characteristics. The introduction
of ground sand into the composition of Portland cement helps to reduce both the
water-solid ratio and the consumption of mixed binder. Due to its small dispersion,
this additive helps to compact the cement stone, which increases its mechanical
strength. Since ground quartz sand is an inert material, it does not enter into a
chemical reaction with the hydratable components of cement.

Adding microsilica to Portland cement increases its strength, durability and
resistance to aggressive environments. This is due to two main mechanisms: the
pozzolanic reaction and the compaction of the cement stone structure. The
pozzolanic reaction occurs between microsilica and calcium hydroxide (Ca(OH),),
formed during cement hydration. As a result of this reaction, additional hydrated
calcium silicates (C-S-H gels) are formed, which are the main carriers of concrete
strength.

As for the effect of superplasticizing additives on concrete, it should be noted
that their presence in both the mortar and concrete mixtures improves the quality of
hardened composites. The use of superplasticizing additives helps to reduce their
water demand while maintaining or increasing fluidity. As a result of the use of
superplasticizers, internal friction between finely dispersed particles of Portland
cement is reduced, which makes it possible to obtain more homogeneous concrete
mixtures while maintaining a relatively low water content. All this leads to an
improvement in the quality of both concrete mixtures and concretes based on them.

Along with superplasticizers, the activation of Portland cement has a positive
effect on the properties of mortar and concrete. Activation of Portland cement is a

process of increasing its reactivity by physicochemical, mechanical or thermal
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action. Portland cement activation methods are aimed at increasing its activity and
improving performance characteristics. Activation can be carried out in various
ways, including physical, chemical and combined approaches. Activation helps to
accelerate the hydration and interaction of components, increase the activity of the
connecting components and reduce the consumption of the binder.

Among the considered activation methods, the mechanochemical activation
method is promising. Mechanochemical activation is based on the energy released
during mechanical action, in particular, friction, compression, impact or rupture of
particles in the material. Among the main physical configurations in
mechanochemical activation, the activation of surface layers is of interest. As a result
of mechanical action, active centers are formed on the surface of the particles that
can effectively interact with water and chemical additives, which accelerates the
hydration reaction. The use of mechanochemical activation of Portland cement in
the technology of manufacturing mortar and concrete mixtures helps to obtain
composites with improved mechanical characteristics, especially in the early stages
of hardening.

Based on the information obtained, the main hypothesis of the dissertation
research was formulated. It consists in increasing the efficiency of using Portland
cement in building solutions and concretes due to its mechanochemical activation.
The role of mechanochemical activation of the binder especially increases with the
combined use of superplasticizer and ground quartz sand. The combined use of
recipe-technological factors (RTF) - mechanical activation, ground quartz sand,
microsilica and superplasticizer contributes to the improvement of the mechanical

characteristics of both building solutions and concretes.

The second chapter presents a block diagram of the research and the
sequence of its implementation. The characteristics of raw materials and additives
are presented.

The research involved Portland cement CEM II/A-M (S-L)-42,5R (with
silicate dust and granulated blast furnace slag), superplasticizer Relaxol-SuperPC,

quartz sand with M=2.5 and ground quartz sand (specific surface area 300 m?/kg).
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Granite crushed stone of fractions 5-10 and 10-20 mm in a ratio of 50 to 50% (by
weight) was used as a coarse filler. Amorphous microsilica was used as an active
mineral additive (specific surface area 20,000 m?/kg).

The methods of mathematical planning of experiments were used in the
research and processing of the results. Such techniques have made it possible to
reduce the number of tests required to identify the influence of independent variable
factors on the properties of mortar or concrete (while ensuring the required accuracy
of the results).

To determine the effect of RTF on the compressive strength of cement stone,
mortar and concrete, two-factor, three-factor and four-factor planned experiments
were conducted. Optimization of RTF in determining the abrasion of concrete was
achieved by using a four-factor planned experiment.

The results of experimental studies were processed using computer
technologies. Collection, processing and classification of the obtained experimental
data, editing of figures and graphs were carried out using the software included in
Microsoft Office 2016.

The construction and analysis of polynomial models were performed using
the COMPEX dialog system, according to standard methods and with a risk level of
a = 0.2. This complex was developed at the Department of Processes and Apparatus
in Construction Materials Technology of OSACEA.

In the third chapter, experimental studies were conducted to study the effect
of adding ground sand to Portland cement on the properties of cement paste and
cement stone, the effect of mechanochemical activation of Portland cement on the
properties of cement paste, the effect of adding a superplasticizer on the mechanical
properties of cement paste, and the combined effect of the above factors on the
compressive strength of cement stone at the age of 3, 7 and 28 days of hardening.

It has been experimentally established that the addition of 20% ground sand
provides a decrease in the water-solid ratio by more than 10% (from 0.387 to 0.348),
a delay in the onset of setting by more than 16% and the end of setting by 11%, and

slows down the hydration process by 60 min. The presence of an additive of 40%
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ground sand provides a decrease in the water-solid ratio by more than 16% (from
0.387 to 0.324), a delay in the onset of setting by more than 24% and the end of
setting by 16%, and slows down the hydration process by 90 min.

The use of mechanochemical activation (180 sec) of Portland cement causes
a decrease in the water-solid ratio by almost 11% (from 0.387 to 0.346), and the
combined effect of activation and the addition of 40% ground sand allows for a
decrease in the water-solid ratio by almost 27% (from 0.387).

Mechanical activation causes an acceleration of the hydration process by 90
min. The combined use of mechanochemical activation and additives (ground sand
and superplasticizer) allows for a decrease in the water-solid ratio of the mixed
binder by 55% (from 0.387 to 0.173).

A two-factor planned experiment was conducted to determine the influence
of strength factors on the compression of cement stone. It was found that the use of
mechanical activation, ground quartz sand and superplasticizer helps to reduce the
water-cement ratio by 55% (from 0.387 to 0.173) and increase the compressive
strength by 87% (from 40.2 to 75.3 MPa).

In the fourth chapter, experimental studies of the effect of mechanochemical

activation, ground quartz sand, superplasticizer and microsilica on the compressive
strength of mortar at the age of 1, 7 and 28 days of hardening were carried out. A
three-factor planned experiment was carried out to determine the effect of variable
factors on the compressive strength of mortar.

The results of the analysis showed that mechanochemical activation (180
sec) of Portland cement promotes an increase in the compressive strength of the
mortar by 13% (from 46 to 51.5 MPa) at the grade age. The addition of
superplasticizer (1%) promotes an increase in the compressive strength of the mortar
by 56% (from 46 to 71.8 MPa) at the grade age. The addition of microsilica (10%)
promotes an increase in the compressive strength of the mortar by 8% (from 46 to
49.5 MPa) at the grade age. The combined effect of mechanochemical activation
(180 sec), the addition of ground quartz sand (40%), superplasticizer (1%) and

microsilica (10%) to Portland cements helps to reduce cement consumption by 46%
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and increase the strength of the mortar for compression by 38% (from 46 to 63.8
MPa) at grade age.

In the fifth chapter, experimental studies were conducted to study the

combined effect of mechanochemical activation, the content of Portland cement,
ground quartz sand, superplasticizer and microsilica on the compressive strength and
abrasion of concrete. For this purpose, a four-factor planned experiment was
conducted to determine the effect of strength factors on concrete compression.

It was found that increasing the Portland cement content (by 29%) promotes
an increase in the compressive strength of concrete by 19% at the grade age. The
combined effect of mechanochemical activation (180 sec) of a mixed binder with
the addition of ground quartz sand (40%), superplasticizer (1%) and microsilica
(10%) to Portland cement (29% more) allows for a decrease in Portland cement
consumption from 350 to 225 kg/m? (by 35.8%) and an increase in the compressive
strength of concrete from 35.1 to 58.3 MPa (by 66%) at the grade age. The combined
effect of mechanical activation and additives increases the abrasion resistance of
concrete by 2.2 times (from 0.22 to 0.1 g/cm?) at the grade age.

The obtained results of the study confirm the hypothesis about the
improvement of properties (compressive strength, abrasion) of both mortars and
concretes by using mechanochemical activation of Portland cement with the addition
of ground quartz sand (up to 40% of the Portland cement mass), superplasticizer and
microsilica, provided that the consumption of the binder is reduced.

Based on the results of the dissertation research, 9 m® of concrete mixture
was produced under industrial conditions on a mechanically activated mixed binder
in the presence of a superplasticizer.

Keywords:  mechanochemical activation, ground quartz sand,
superplasticizer, microsilica, Portland cement, high-speed mixer, exothermy,

compressive strength.



