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AHOTALIS

Ulymenixo B.M. lleMeHTBMICHI KOMIO3UIIT 3 MOAUDIKYIOUMMHU A0OaBKaMH st
HeopmoBanux Mac. — Kpanidikairiiina HaykoBa mpaiisi Ha IpaBax pyKOIHCY .

JlucepTairist Ha 3700yTTS HAYKOBOTO CTYIICHS KaHIWIAaTa TEXHIYHUX HAyK (I0K-
topa ¢izocodii) 3a cremianbHicTIo 05.17.11 — TEXHOJIOrIS TyroIIaBKUX HEMETAIIYHUX
MartepianiB. — HaimioHanbHUN TexHIYHUI yHiIBepcUTET “XapKiBChbKUW MOMITEXHIYHUN
iHCTHTYT”, Xapkis, 2018.

Hucepraniiina po00Ta NPUCBIYECHA BHUPINICHHIO HAYKOBO-MPAKTUYHOI 3aj]layi IO
PpO3p0o0IIl pEelENTYPHO-TEXHOJIOTIYHUX NapaMeTpiB OTPUMAaHHS [ He(hOPMOBAHUX MacC
[EMEHTBMICHUX KOMIMO3UIIIA 3 BUKOPUCTAHHIM (13UKO-XIMIUHUX OCOOIMBOCTENH MOIU -
¢ikyrounx 100aBOK, sIKi COPUSIOTH POPMYBAHHIO HIUIHHOT 1 MILHOI CTPYKTYpPHU IIEMEHT-
HOTO KaMEHIO 13a0e3Me4yI0Th MOKPAIIECHHS €KCILTyaTallliHUX BIACTUBOCTEH .

06 ’exm 0ocnidxcenvb — P13UKO-XIMIYHI poliecu (HOpMyBaHHS CTPYKTYpH 1 (azo-
BOT'O CKJIaNy IEMEHTBMICHMX KOMMO3UIIN 1Ji1 HeOPMOBAHUX MAC, OTPUMAHI MLIIXOM
nu(depeHIiiioBaHOTO BBEJICHHS B MOPTJIAHAIEMEHT a00 MIMHO3EMUCTHI LIEMEHT PO3pO-
OJIeHUX TOMIKapOOKCHUIIATHUX, KPEMHE3EMBMICHUX J100aBOK Ta J00ABOK-EJIEKTPOJITIB 1
iX KOMO1HaII1.

Ilpeomem Oocnidacenv — MPOLIECH B3aEMOBILIUBY PO3POOJIECHUX 1HIUBIAYATbHUX 1
KOMILUIEKCHUX JOOABOK Ha MEXaHIUuHy MIIHICTh, MEXaHI3MHU TipaTallii Ta TBEpJIHECHHS
MOPTJIAHILIEMEHTY 1 TTIUHO3EMHUCTOTO IIEMEHTY.

Memoou odocnidxcensy — TpU BUPIIICHH] MOCTaBICHUX 3aBJaHb 3aCTOCOBYBABCS
KOMILIEKC CYYaCHHUX METOJIIB TEOPETUYHUX 1 €KCIIEPUMEHTAIBHUX JOCHIIKEeHb. B po-
00T1 BUKOPUCTOBYBaIUCS (QyHIaMEHTAJIbHI 3aKOHU PIBHOBAXKHOI TEPMOJAMHAMIKY 1 Bij-
MOBIJIHI METOJIM TE€PMOJMHAMIUHOIO aHAII3y XIMIYHUX peakiiil. TepMoanHaMiuHi po3-
PaxyHKH BUKOHYBAJIHCS 3a JOTIOMOTOI0 KOMIT IOTEPHUX MpOrpam, po3po0iIeHUX 3 BUKO-
puctanHsaM nakera Microsoft Office Excel.

Hocnimxennst $Ga30BOro Ckjiaay BUXIIHUX MaTepialiB 1 MPOAYKTIB iX rigpaTarii
MIPOBOJIMJINCS 3 BUKOPUCTAHHAM (Di3UKO-XIMIYHHX METOIIB — peHTreHodazoBoro (aud-

paktometp JJPOH-3M), nudepenmiiino-repmiunoro (nepusarorpad Q-1500 D cucremu
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F. Paulik — J. Paulik — L. Erdey), IY-cmektpockomii (inppauepBonuii ¢yp’e-
criekTpomeTp Tensor 27), merporpadivnoro (nonspusariitauii mikpockorn MIH-8 1 yHi-
BepcanbHuil gocmimHuibkuii Mikpockorn NY-2E). MikpocTpyKTypHI OCOOJUBOCTI Iie-
MEHTHOTO KaMEHIO JTIOCHIIXKYBaJIKUCS METOJaMH ONTUYHOI Ta €IEKTPOHHOI MIKPOCKOIIIT
(mikpockon BRESSER Advance ICD Ta enekrponnuii Mikpockon JSM-6390LV). Ilo-
TEHIIIOMETPUYHI  BUMIPDIOBAaHHS MPOBOAWIKMCS Ha aBTomMaTuyHomy pH-merpi
CYBERSCAN pH700. ®i3uko-MexaHi4Hl Ta €KCIUTyaTalliiiHi BIACTUBOCT1 po3poliie-
HUX IIEMEHTBMICHUX KOMITO3HIIIM BU3HAYAIKMCS BIAMOBIAHO 0 CTaHAAPTHUX METOMMK,
rapMoHi30BaHUMU 3 €BponeicbkuMu ctanaapramu EN.

Haykosa noeusna ompumanux pe3yibmamia:

— BIIepIlle BU3HAUYECHO THUIMH 1 palliOHaJIbH1 KOHILEHTpaIllil IHIUBIAyalbHUX J100a-
BOK, @ TaKOX JJOBEJI€Ha CYMICHICTh CIE1aJbHO CHHTE30BaHUX MOJIU(DIKYIOUNX T00aBOK
MOJIIKapOOKCUIIATHOTO TUIY 3 KPEMHE3EMBMICHUMHU BIJIXOJaMHU B CKJIaJl IEMEHTBMIC-
HUX KOMITO3UI[IH JIJ1s1 3a0€3MeUeHHs] CHHEPT€TUYHOTO BIUIMBY Ha (pOpMYBaHHS L1IbOBUX
KOMOIHAI[1} KpUCTANIOTIAPATHUX (Pa3 3 ypaxyBaHHIM iX MOP(DOIOTTUHUX OCOOJIMBOCTEH;

— BIepIIe TEPMOJIMHAMIYHUMU PO3pPaXyHKaMH CIPOTHO30BAHO YTBOPEHHS HIT-
PUIB 3aJli3a TPU OTPUMAHHI MOPTIAHAIEMEHTHOTO KJIIHKEPY 1 €eKCIIEPUMEHTAIBHO J10-
BesieHO eektuBHICTD i J00aBku Ca(NO3), st 3HIKEHHS €KOJIOTTYHOT'O0 PU3UKY 3 ITa-
pajebHUM PO3BUTKOM IacTU(]ikyrodoro i riipodo6i3yrodoro eexris, Mo oOrpyHTY-
BaJIO JIOLUIBHICTh BUKOPUCTAHHS a30THOKHCIIOTO KaJblil0 y CKIal po3po0JIeHOi KOM-
MJIEKCHOI 100aBKU JUIsl OTpUMAaHHS MaTepialiB 3 MOPTIAHIUEMEHTHUX KOMIIO3MIIIN 3
MIJBUIICHUMHU E€KCIUTyaTallliHUMU BJIACTUBOCTSAMHM, II0 MA€ COLIaJIbHO-€KOJIOTTYHE 1
TEXHIKO-€KOHOMIYHE 3HAUYEHHs IPU eKCIUTyaTalii Oy1BeIbHUX BUPOOIB;

— BIIepIlle BCTAHOBJICHI MOTEHIIIOMETPUYHI 3aJIEKHOCTI 1 MIKPOCTPYKTYPHI 0C00-
JIMBOCTI riJipaTallii HOpTIaHIEMEHTY B MIPUCYTHOCTI KOMIJIEKCHOI 100aBKH 1 1i 1H/IUBI -
TyaJIbHUX KOMIIOHEHTIB, II0 BH3HAYAIOTh XapakTep (pOopMyBaHHS MOPHUCTOCTI, MIKPO-
CTPYKTYPHU 1 KPUCTAJIOTIIPaTIB IIEMEHTHOTO KaMeHI0. Bij3HaueHO HasBHICTb 3arajibHUX
SKICHUX KOpeJsnii 3Minu 3HaueHs napametpiB (pH, Cion, 1) JOCTimKyBaHHX CHCTEM 3

Ha0OpPOM J10JATKOBOI MIITHOCTI B OUIBIII M13H1 TEPMIHU TBEPIHEHHS .
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— BIIepIIe JOBEACHO pe3ysibTaTaMu (PI3UKO-XIMIYHUX METOJIB aHali3y, 10 po3-
poOJieHa KOMILIEKCHA J100aBKa Ha OCHOBI CyMilllel €JIEKTPOIITIB CIpuUsie OUIBIT MOBHIN
rijiparaiiii OCHOBHMX KJIHKEpHUX (a3 1 JOJAaTKOBOMY YTBOPEHHIO TOOEPMOpPITONOAIO-
HUX (a3 pi3HOT KPUCTATIYHOCTI 1 OCHOBHOCTI, a Takoxk (popmyBanHio AFp-, AF- da3 i
BIJICYTHOCTI iX He0a)xaHOi MepeKkpucTatizailii, sKi cymMapHo 3a0e3Me4yroTh CUHTE3 Iie-
MEHTHOT'O0 KaMEHIO 3 HEOOXITHUMU CTPYKTYPHO-MEXaHIYHUMH BJIACTUBOCTSIMU 32 paxy-
HOK IIUJIBHOI 1 MILHOT CTPYKTYPH.

Ocobucmuti gnecok 3000y8aya. Y c1 OCHOBHI MOJIOKEHHS 1 pe3yJIbTaTH, BUKIIAJICH]
B JIMCepTaliifHiil poOOTI, 10 BUHOCATHCS HA 3aXMCT, OTPUMaHi 300yBaueM O0COOHUCTO.
Cepen HUX: aHaNI13 HAYKOBO-TEXHIYHO1 Ta MATEHTHOI JiTepaTypH, BUOIp 00’ €KTa JOCI-
JDKEHBb, po3poOKa J00aBOK MOMIKApOOKCHIATHOTO THUMY, MOTJIHUOJIEHE TOCITIIKEHHS
KPEMHE3eMBMICHUX JT0OABOK TEXHOT€HHOTO MOXOJKEHHSI, IPOBEJACHHS TePMOIUHAMIY-
HOTO 1 TeOMEeTpO-TonoJIoriuHoro ananizy cucrtemu Fe — C — N, — Oy, npoBeieHHs ekc-
MEPUMEHTAIBHUX JOCHIIPKeHb Ta ONTUMI3allisl CKJIaJIB OTPUMAaHUX LEMEHTBMICHUX
KOMIIO3UIIIN 3 pO3p0o0IeHUMU J100aBKaMH, JOCIIJIKEHHSI TPOIIECIB TipaTaliii, aHasi3 Ta
IHTepIpeTalis OTPUMAHUX PE3YJIbTAaTiB, MPOBEACHHS J1a00PaTOPHO-IPOMUCIOBUX BU-
npoOyBanb. [locTaHOBKa 3a/1ay JOCIIIKEHb, aHaI3 Ta OOTOBOPEHHS pe3yJbTaTiB, y3a-
raJibHEHHsI OTpUMaHOi 1H(popMallii Ta GOpMyITIOBaHHS BUCHOBKIB BUKOHYBAIHUCS 3100y -
BaueM CHUIHHO 3 HAYKOBUM KEPIBHUKOM.

VY Beryni 0OTPYHTOBAHO aKTYyallbHICTh AMCEPTAIIiHOI POOOTH, cPOPMYIHLOBAHO
METy Ta HampsIMKH 1i JOCSTHEHHS, HAYKOBY HOBHU3HY Ta MPaKTUYHE 3HAYEHHS OTpUMa-
HUX PE3yJIbTaTIB, OXapaKTepU30BaHO OCOOMCTUN BHECOK 3700yBaua Ta ampoOariio po-
00TH.

[lepmmit po3aisl IPUCBSIUEHO aHAII3y HAYKOBO-TEXHIYHOI 1H(OpMaIii 10A0 nep-
CHEKTUB BUKOPUCTAHHS MOAU(IKYIOUUX J00ABOK JI LIEMEHTBMICHUX KOMITO3HIIIN TY -
rOIJIaBKUX HEMETAJIeBUX MaTepiaiiB Ta OTpUMaHHS Oy/IBEJIbHUX 1 BOTHETPUBKHUX Ma-
TepiajiB 3 NABUIIEHUMH €KCIUTyaTalliItHUMU BIIACTUBOCTSIMU.

AHani3 BIAOMHUX 3aKOHOMIpHOCTEH (popMyBaHHSI CTPYKTYpU OyJIiBEJIbHUX 1 BOT-
HETPUBKUX MaTepialliB J03BOJIMJIO BUCYHYTHU TINOTE3y MPO MOXKIUBICTH PO3POOTIEHHS

[EMEHTBMICHUX KOMIIO3UIIA AJisi HEPOPMOBAHUX MAac 3 MiJABUIICHUMHU EKCIUTyaTallii-
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HUMH XapaKTEPUCTUKAMU 32 PAXyHOK (POpMYBaHHSI CTPYKTYPH LIEMEHTYIOUOi MAaTpPHUII
HUISIXOM MOJU(}iKyBaHHS MOJIKapOOKCUIATHUMHU, MIHEPAIbHUMU KPEMHE3EMBMICHUMU
no0aBKaMu Ta €JeKTPOJIITaMH, 110 3abe3neuye BHACIIIOK IX CHHEPreTHYHOI i1 1OCsT-
HEHHSI POMHUCIIOBO 3HAUYIIUX €(EKTIB.

Ha ocHoBI aHanizy jiTepaTypHUX JaHWX BU3HAYEHO 3ajadl, K1 HEOOXIIHO BUpI-
IIUTH JJIs1 JOCATHEHHS MTOCTaBJIEHOT METH.

VY npyromy po3zuii HaBeJEHO XapaKTEPUCTUKHU 3aCTOCOBAHUX MaTepiajiB, OMuca-
HI OCHOBHI METOAM (PI3UKO-MEXaHIYHUX BUIPOOYBaHb Ta (DI3UKO-XIMIYHOTO aHAII3y 1
crocoOu OTPUMaHHS BUKOPUCTAHUX Y JUCEPTaliiiHiil poOOTI po3pobiieHnX Monikapoo-
KCHJIATHUX JOOABOK 3a YIOCKOHAJIEHO METOIUKOIO.

VY TperboMy po3aisli HABEACHO PE3YIbTATU JOCIHIIKEHHS KPEMHE3EMBMICHUX J10-
0aBOK TEXHOT€HHOT'O MOXOJXKEHHSI, pO3pOOIEHHS IEMEHTBMICHUX KOMIO3UIIINA 3 MOJH-
¢bikyrounMu 100aBKaMu, PI3HOMAHITHUX 3a MPUPOJIOIO 1 €(HEKTOM Ali, Ta BUSBICHHS iX
BIUIMBY HA CYMICHICTbH 1 €)eKTUBHICTH iX J1i HA TipaTaliifHy aKTUBHICTh MOPTIaHALE-
MEHTHOTO 1 IITMHO3€MHCTOTO LIEMEHTHOTO KaMEHIO Ta BU3HAYEHHS ONTUMAbHOT KiJb-
KOCTI X BUKOPHCTaHHS.

BcTaHOBIEHO MOXIIMBICTD 1 €KOJIOIO-€KOHOMIYHY JIOLUIBHICTh BUKOPHUCTAHHS
KPEMHE3eMBMICHUX BIIXOMIB SIK MIHEpAJbHUX JT00ABOK y LIEMEHTHUX KOMIIO3MIIISIX Ta
MOKa3aHO 3HAYCHHSI €PEKTIB B 3MEHIIIEHI KUTBKOCT1 LIEMEHTY.

3a 0nOMOTroI0 KOMIUIEKCY (PI3UKO-MEXaHIYHUX BUIPOOYBAaHB 1 (PI3UKO-XIMIYHUX
METOJIIB aHaJli3y MOKa3aHO €(EKTUBHICTh Jii B ONTUMAJIbHOMY KOHIIEHTpalllitHOMY 1H-
TepBaji po3poOJICHUX TOMIKapOOKCHUIATHUX JO0AaBOK Ta PI3HUX BHIIB J100aBOK-
€JICKTPOJIITIB Ha TiApaTalliiHy akTUBHICTh [IEMEHTIB.

OOrpyHTOBaHO BUKOPUCTAHHS BCiX JOCIII)KYBAaHUX BUJIIB 100aBOK JIJIsi CTBOPEHHS
[EMEHTBMICHUX KOMIO3UIH JI711 HE(OPMOBAHUX MacC 3 MiIBUILIEHUMU €KCIUTyaTalliiHuy -
MU XapaKTEPUCTUKAMU SIK B 1HIUBIAYyaJbHOMY BHJI1, TaK 1 JIJIi CTBOPEHHSI KOMILIEKCHUX
100aBOK, SIK1 JJO3BOJISIFOTH JIOCATHYTH YHIBEPCAJIBHOCTI iX Jii B OETOHHUX pO34MHaXx 1 Oe-
TOHAX PI3HOrO CKJIay, IPUTOTOBIICHUX HA PI3HOMAHITHUX [IEMEHTAX.

VY yerBepTOMY PO3AUTI PO3IIIHYTO OJIHY 3 MOMJIMBUX MPUUYUH, sIKa 00YMOBIIIOE

HAKOMHUYEHHS a30TOBMICHUX CIOJYK B MOPTIAHAIIEMEHT] 1 MICTUTh PIIIEHHS IO PO3pO-
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Ol cneniadbHUX 3aXO0J1B 3HM)KEHHS eMicii aMiaky 3 OyJIBEJIbHUX MaTepiaiiB 1 KOHC-
TPYKIIiM, BUTOTOBJICHUX 13 3aCTOCYBAHHSIM MOPTIAHIIEMEHTY, Y BUKOPUCTAHHI PO3p00-
JIEHO1 KOMIUJIEKCHOI 100aBKM Ta HaBEJEHO PE3yJIbTaTH BIUIMBY il Ha BJIACTUBOCTI MOPT-
JAHIEMEHTHOTO KaMEHIO.

TepMoaMHAMIYHUMU PO3paxXyHKaMU CIPOTHO30BAHO MOXJIMBICTh YTBOPEHHS Hi-
TpuAaiB 3aniza Fe,N, FesN 1 FegN mpu orpumanHi nOpT/IaHAIIEMEHTHOTO KIIIHKEPY, sIKi
MOXKYTh OyTH JKEpeIaMu BUAUICHHS amiaky 3 OyJiBeJIbHUX MaTepialiiB 1 KOHCTPYKIIiH,
BUTOTOBJICHUX 13 3aCTOCYBAHHSM MOPTIAHIIEMEHTY.

Jlist BupieHHs: mpoOJeMH BUKOHAH] PO3PaxXyHKU €KOJOTTYHOTO PU3UKY Ta MPH-
WHATO pillIEeHHS B 3aCTOCYBaHHI J0OABOK, 5Kl 3/1aTHI aKTUBYBATH MPOIIEC T1POJi3y HIT-
puaiB 3amiza. Ik poboda rimoresa mepemdadanocs, 0 HaBITh HU3bK1I KOHIICHTpAIlii
Ca(NOs3), 3maTHi HamaTH IHIMIIOIOYUI BIUIMB Ha T1IPOJi3 HITPUIIB 3aii3a. Po3pobieHo
Ta ONTUMI30BAHO KOMILJIEKCHY JOOABKY Ha OCHOBI CyMIILI€H €JIEKTPOIIITIB, sIKa BKIIOYAE
a30THOKHMCIHMM Kanbllii Ta ¢ochaTtu HATPIIO, IS OJepKaHHSA MaTepiaiaiB 3 MOPTIAH/I-
[EMEHTHUX KOMIO3HUIIIH, [0 XapaKTEPU3YIOTHCS MAJIOI0 €MICIE€I0 MIKIIJTUBUX PEYOBHUH 3
MOBEPXHI 1, IK HACIIOK, MIABUIIEHOIO €KOJIOTYHICTIO. BCTaHOBIEHO, 1110 3aCTOCYBAHHS
PO3p00IEHOT KOMIUIEKCHOT TO00aBKH MPEACTABISIETHCSA MEPCICKTUBHUM BIJIMOBITHO 0
HaJJaHHS MOAM(IKYIOUOTO BIUIMBY Ha MPOLECH TiIpaTaliiiHOrO TBEpJHEHHS 1 HAOYTTH
MIITHOCT1 TBEPAIFOUNX KOMITO3HUIIIH.

VY m’siToMy po3Auti NpeaCcTaBiIeHO pe3yibTaTu anpodallii po3poOeHUX [IEMEHTB-
MICHUX KOMIIO3UIIA 3 MOAU(IKYIOUUMH JOOaBKAMH 1 3alpPOMOHOBAHO PIllIEHHS 100
3aCTOCYBaHHS JAOCIIPKYBAHUX JOOABOK B YMOBAX €KCILTyaTallii.

Jns 3acTocyBaHHsI B OyAiBeNbHIN rany3i Ta BOTHETPUBKOMY BUPOOHHMIITBI pO3PO-
0JIEHO 1 3aIIPONIOHOBAHO KOMILJIEKCHY JI00aBKY Ha OCHOBI KPEMHE3EMBMICHUX BIJIXOJIB 1
BUOpAHUX IHTPENIEHTIB B ONTUMAJIbHUX CHIBBIAHOLICHHSIX. Bumyiieno mgociiaHo-
EKCIIepUMEHTAIbHY MapTil0 BOTHETPUBKOTO TOPKPETOETOHY 1 BOPOBA/KEHO Yy BUPOO-
HUIITBO CKJIQJ CYXO1 CyMillIl JJisl TOPKPETMAcC 13 3aCTOCYBaHHSIM PO3p0o0JIeHO01T J00aBKU
Sh-2 Ha ocHoBi cynbdoBanoro momictupony Ha [TAT “KB3” (M. [JpyxkiBka, [loHelb-
ka 0011.). Po3po0eHO IIEMEHTBMICHI KOMITIO3HMIII 3 BUKOPUCTAaHHSAM a00aBku Sh-2 i

koMIuiekcHo1 106aBku HK®H Ha ocHOBI cyMmilelt enekTpoiiTiB anpoOOBaHi 3 MO3UTH -
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BHUM pe3ynbratoM Ha TOB “Pamionpom” (M. Xapkis) ta TOB HBII “JIOMIHAHTA”
(M. KocrssatuniBka, [JoHerpka 0011.).

Takum 4MHOM, TEOPETHUYHO OOTPYHTOBAHO 1 €KCIEPUMEHTATBHO MiATBEPKEHO
MOXJIMBICTh PETYJIIOBAHHS CTPYKTYpO- 1 ()a30yTBOPEHHS B MpOIleCi TiApaTaiiiiHOro
TBEPJHEHHS IIEMEHTBMICHUX KOMIMO3UIIIHA 3 po3po0ieHUMU MOAU(DIKYIOUUMH T100aBKa-
MU ISl TIJBUIIICHHS €KCIUTyaTalliiHUX XapaKTepUCTUK B HEPOPMOBAHUX Macax pi3HOTO
(YHKIIIOHAJILHOTO TPU3HAYCHHS.

Knrouosi cnosa: nieMeHTHI KOMITO3UIIIT, XIMIYHI Ta MiHEpaibHi JOOABKH, ONTHUMI-
3aIisl CKJIaay, CYMICHICTh, LIEMEHTHUN KaMiHb, TiIpaTailisi, MilIHICTh, MIKPOCTPYKTYpa,

eMICisl amiaKy, TEpMOJMHAMIUHI PO3PAXYHKH.
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ABSTRACT

Shumeiko V.N. Cement-Containing Compositions with Modifying Additives for
Unmolded Masses. — Qualifying Research Paper. As a manuscript.

Thesis for the degree of candidate of technical sciences (PhD) in specialty
05.17.11 — Technology of refractory nonmetallic materials. — National Technical
University “Kharkiv Polytechnic Institute”, Kharkiv, 2018.

The thesis is devoted to the solution of the scientific hands-on problem related to
the development of formulation technology parameters required to obtain unmolded
masses of cement-containing compositions using physical and chemical peculiarities of
modifying additives that contribute to the formation of a dense and firm structure of the
cement stone and improve service properties.

Object of research — related to physical and chemical processes of the formation
of structure and phase constitution of cement-containing compositions for unmolded
masses obtained through the differential introduction of developed polycarboxylated
additives and silica-containing additives of an anthropogenic origin and electrolyte ad-
ditives and their combinations into the Portland cement and alumina cement.

Subject of research — related to the processes of mutual influence of developed
individual and complex additives on the mechanical strength, the mechanisms of hydra-
tion and hardening of the Portland cement and alumina cement.

Methods of research — include the set of contemporary methods of theoretical and
experimental research used for the solution of formulated problems. This research paper
made use of the fundamental laws of equilibrium thermodynamics and the appropriate
methods of thermodynamic analysis of chemical reactions. Thermodynamic computa-
tions were done using computer programs that were developed using the Microsoft Of-
fice Excel package.

The phase composition of initial materials and their hydration products were in-
vestigated using physical and chemical methods, in particular X-ray phase analysis (dif-
fractometer DRON-3M), differential-thermal analysis (derivatograph Q-1500 D of a

F. Paulik — J. Paulik — L. Erdey system), IR-spectroscopy (infrared Fourier spectrometer
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Tensor 27), and petrographic analysis (polarization microscope MIN-8 and the universal
research microscope NY-2E). Microstructural peculiarities of the cement stone were
studied using the methods of optical and electron microscopy (the microscope
BRESSER Advance ICD and the electron microscope JSM-6390LV). Potentiometric
measurements were taken using the automatic pH-meter CYBERSCAN pH700. Physi-
cal, mechanical and service properties of developed cement-containing compositions
were defined in compliance with standard techniques harmonized with European stan-
dards EN.

Scientific novelty of obtained results:

— for the first time the types and rational concentrations of individual additives
were determined for the first time, and the compatibility of specially synthesized modi-
fying additives of a polycarboxylated type with the silica-containing waste incorporated
in cement-containing compositions was proved to provide the synergetic influence on
the formation of the purpose-oriented combinations of crystal-hydrate phases taking
into consideration their morphologic peculiarities.

— for the first time thermodynamic calculations allowed us to predict for the first
time the formation of iron nitrides to obtain the Portland cement clinker and prove ex-
perimentally the efficiency of the action of Ca(NO3), additive used for the reduction of
the environmental risk with the simultaneous development of plasticizing and hydro-
phobic action that substantiated the appropriateness of the use of calcium nitrate con-
tained by the developed complex additive to obtain the materials using Portland cement
compositions with improved service properties and environmental compatibility which
Is of great social and ecologic importance for the service of construction items.

— for the first time potentiometric relationships and microstructural peculiarities
of the hydration of Portland cement in the presence of complex additive and individual
components that define the formation character of porosity, microstructure and crystal
hydrates of the cement stone have been established for the first time. An availability of
general qualitative correlations of a change in the parameter values (pH, Ciony, t) of in-

vestigated systems that gain additional strength at later dates of hardening was noted.
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— for the first time it is proved by the results of physicochemical methods of
analysis that the developed complex additive on the basis of mixtures of electrolytes re-
sults in more complete hydration of the main clinker phases and the additional forma-
tion of the tobermorite-like phases of different crystallinity and basicity, as well as the
formation of AF,-, AF-phases and unavailability of their undesirable recrystallization,
which summary provide the synthesis of cement stone with the necessary structural and
mechanical properties due to dense and strong structure.

Personal contribution of the competitor. Basic provisions and the results set forth
in the thesis and brought up for the defense were obtained by the competitor in person.
The list of contribution includes the analysis of scientific and patent references, partici-
pation in the planning and carrying out theoretical and experimental investigations, the
analysis and interpretation of obtained data, carrying out laboratory and full-scale tests,
and the participation in their commercialization. Research problems were formulated by
the competitor, analysis and discussion of obtained data were carried out by the com-
petitor and the conclusions were drawn by the competitor backed up by the research su-
pervisor.

The introduction section substantiates the actuality of the dissertation specifying
the objective and the ways for its achievement, scientific novelty and the hands-on im-
portance of obtained data. Personal contribution of the competitor was described and
research approbation data were given.

The first section is devoted to the analysis of scientific and technical information
on the prospects of the use of modifying additives for the cement-containing composi-
tions made of refractory nonmetal materials and production of new types of construc-
tion and refractory materials with improved service properties.

The analysis of known regularities of the formation of the structure of construc-
tion and refractory materials allowed us to hypothesize that it is possible to develop ce-
ment-containing compositions for the unmolded masses with improved performance
figures due to the formation of the structure of cementing matrix through the modifica-

tion using polycarboxylated, mineral and silica-containing additives and electrolytes,
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which provides the achievement of industrially important effects due to their synergetic
action.

Based on the analysis of reference data the problems were specified that should
be resolved to achieve the set goal.

The second section gives the characteristics of the used materials and describes
the methods of physical and chemical tests and physical and chemical analysis and pro-
duction processes of polycarboxylated additives developed using the improved tech-
nique that were used for the thesis.

The third section gives the research data of silica-containing additives of an an-
thropogenic origin and describes the development of cement-containing compositions
with modifying additives that differ by their nature and the action effect revealing the
influence on the compatibility and the efficiency of their action on the hydration activity
of the Portland cement and alumina cement stone and specifying the optimal quantity of
their use.

An opportunity for the use and ecological and economic appropriateness of the
use of silica-containing waste as mineral admixtures for the cement compositions have
been established and the value of effects for a decrease of the amount of cement was
shown.

Using the combination of physical and mechanical tests and physical and me-
chanical methods of analysis the efficiency of action of the developed polycarboxylated
additives in the optimal concentration range and different types of electrolyte additives
on the hydration activity of cements was shown.

The use of all studied types of additives was substantiate for the creation of ce-
ment-containing compositions for unmolded masses with improved performance char-
acteristics used individually and for the creation and complex additives that allow us to
achieve the multipurposeness of their action in the concrete mortars and concretes of a
different composition, prepared using different cements

The forth section gives consideration to one of the possible reasons that condition
the formation of nitrogen-containing additives in the Portland cement and it includes the

decisions on the development of special measures taken to reduce the emissions of am-
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monia from the construction materials and structures erected using the Portland cement
and the developed complex additive and the data of its influence on the properties of
Portland cement stone have been given.

The thermodynamic computations allowed for the prediction of the opportunity
for the formation of iron nitrides to obtain the Portland cement clinker that can be a
source of the ammonia emission from the construction materials and structures erected
using the Portland cement.

To solve the problem, the computations were done to evaluate the ecologic risk
and the decision was taken to use the additives that can activate the hydrolysis process
of iron nitrides. It was assumed as a working hypothesis that even low concentrations of
Ca(NOg), are capable of initiating the hydrolysis of iron nitrides. The complex additive
based on electrolyte mixtures containing calcium nitrate and sodium phosphates was
developed and optimized to obtain materials using Portland cement compositions that
are characterized by a low emission of harmful substances from the surface and as a
consequence have an increased ecologic compatibility. It was established that the use of
developed complex additive seems to be promising according to its modifying effect on
the processes of hydration hardening and the gaining of strength by hardening composi-
tions.

The fifth section gives the approbation data for the developed cement-containing
compositions with modifying additives and the solution was suggested on how to use
the studied additives in service conditions.

The complex additive based on the silica-containing waste and selected ingredi-
ents of optimal ratios was developed and suggested for the use by the construction
branch and refractory production. The experimental pilot batch of refractory shotcrete
was produced and the dry mix composition for the shotcrete using the developed addi-
tive Sh-2 based on the sulfonated polystyrene was introduced into production at the
PJSC “KOZ” (town of Druzhkovka, Donetsk Region). Developed cement-containing
compositions using the Sh-2 additive and the complex additive NKFN based on electro-

lyte mixtures were approbated with the positive outcome at the limited liability com-
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pany “Radioprom” (city of Kharkiv) and Science and Production Company “Domi-
nanta” Ltd (town of Konstantynovka, Donetsk region).

Hence, the opportunity for the control of structure formation and phase formation
during the hydration hardening of cement-containing compositions using the developed
modifying additives to improve the performance characteristics of the unmolded masses
of a different functional purpose has been theoretically substantiated and experimentally
confirmed.

Keywords: cement compositions, chemical and mineral additives, composition
optimization, compatibility, cement stone, hydration, strength, microstructure, ammonia

emission, and thermodynamic computations.
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