HanionansHult TeXHIYHMN YHIBEPCHTET
«XapKiBCbKUH MOJITEXHIYHUH IHCTUTYT»

MiHicTepcTBO OCBiTH i HAYKH YKpaiHH

Kpanidikaniiina HaykoBa mpars

Ha [IpaBax pyKOIIHUCY
HEB’SITOBA HATAJISI BOPHMCIBHA
JUCEPTAIIA
PECYPCOOIIAJHA TEXHOJIOI'ISI TAMIIOHAXKHUX IIEMEHTIB
VJIK 666.946
16 — XimiuHa Ta OioiHxeHepis
161 — XiMiuHi TexHOMOTrIT Ta iHXeHepis

ITonaeTbca Ha 3100y TTS HAYKOBOTO CTYIeHs HOKTOpa (isocodil

Jucepranis MiCTUTB pe3yNbTaTH BIACHUX HOCIIKEHb. BUKOpUCTaHHS i1eH,

pe3yJIbTaTiB 1 TEKCTiB iHIINX aBTOPiB MaIOTh OCKIIAHHSA HA BiANOBIIHE IXKEpeIo.
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AHOTALIS

Jles’smosa H. b. PecypcoolliaiHa TEXHOJOTIS TaMIOHAXKHUX IIEMEHTIB.
KgramidikamiitHa HaykoBa mpaiisi Ha IpaBax PyKOMUCY.

HNucepranis Ha 3700yTTS HAayKOBOTO CTymHeHs JokTopa dutocodii 3a
cremianbHicTiIO 161 “XimiyHi TexHosorii Ta iHxeHepis”. — HaroHansHuM
TEXHIYHUNA YHIBEpCUTET “XapKIBChKUW MOMITEXHIYHUN 1HCTUTYT, XapkiB, 2021.

O0’eKT HoCHiAKEHHS — 3aKOHOMIPHOCTI MPOIIeciB (Pa30yTBOPEHHS KaJbLI1ii
AMIOMO(PEPOXPOMITHUX KITTHKEPIB.

Ipeamer npociaimmxeHHsi — (QI3UKO-XIMIUHI 3aKOHOMIPHOCTI (OpMYBaHHS
($a30BOrO CKJIATy i CTPYKTYpPH IIEMEHTHOTO KIIIHKEPY Ta TAMIOHAKHOTO PO3UYHHY
Ha ocHOBI cuctemu Ca0 — Al,O3— Fe;O3— Cr0s,

Jlucepraiifo TPHCBAYCHO BUPIIICHHIO HAYKOBO-TIPAKTUYHOI 3ajgadi —
po3poOKa PecypcooIIaHOl TEXHOJIOTIi TaMIIOHAKHOTO HEMEHTY I ‘‘rapsunx’
CBEp/UIOBMH Ha OCHOBI aJIfOMIHATiB, (EpUTIB Ta XPOMITIB KaJbIlil0 3
BUKOPHUCTAHHSIM BI1IXO1B XIMIYHOT IIPOMUCIIOBOCTI.

B BcTymi oOrpyHTOBaHO aKTyaJdbHICTh TEMH JUCEPTAIliiHOI poOOTH,
3a3HAYEHO 3B 530K pOOOTU 3 HAYKOBUMH TeMaMH, cHopMyJbOBAaHO METY 1 3aj1adyi
JOCIIIDKCHHS, BU3HAYCHO OO0 €KT, MpEAMET Ta METOIW JOCIHIKCHHS, MOKa3aHo
HAyYKOBY HOBHM3HY Ta NPAKTUYHE 3HAYEHHS OTPUMAHMUX pE3yJIbTaTiB, HABEICHO
iHpopMaIil0o Mpo MNpakTUYHE BUKOPHUCTAHHS, OCOOMCTHH BHECOK 3/100yBaua,
anpoOarfito pe3ynbTaTiB JOCTIIPKEHHS Ta 1X BHCBITIICHHS Yy MyOJiKamisx.
[TpuBOASITHCS BIIOMOCTI ITOJI0 CTPYKTYPH Ta 00CATY IUCEPTAIliitHOI poOOTH.

B nepmiomy po3aiii onmcaHi BUAM CYYaCHHX TaMIIOHAXKHUX IIEMEHTIB, SKi
BITHOCSITHCS /0 B’SDKYYHX T1APaTOBAHOTO TBEPIHEHHS, YMOBH [IJISi TBEPIHEHHS
IIEMEHTY B CBEP/UIOBHHI, BIUTUB 30BHIIIHIX (DaKTOpIB HA TEPMIHM TBEPIIHHA 3
ypaxyBaHHSIM TOTO, IO OIS 1 TOYHE OOCTEKEHHS CTaHy CBEPIJIOBHUHU
HEMOJKITUBI.

Po3riistHyTi OCHOBHI BHMOTH Ta BJIACTHMBOCTI TaMIIOHAXXHUX IIEMEHTIB.
TaMmoHa)kHI 1IEMEHTH [OBHHHI XapaKTEPU3YBaTUCS HEOOXIJHOI MIIHICTIO

B Iepuil Bl 100U TBepAHEHHsS. MIIHICTh 3aTBEPAUIOrO0 LEMEHTHOIO PO3YUHY



B KOPOTKI TEpPMIHM TBEPJHEHHS MMOBUHHA 3a0€3MEUYUTH 3aKPIIJICHHS KOJOHU B
CTOBOYpI CBEpJJIOBMHU. BakIMBUN MOKAa3HUK — B’A3KICTh IIEMEHTHOI'O PO3YHUHY,
TEKyYiCTh, IO XapakTepusye ioro. LleMeHT OAHOro pI3HOBUAY HE MOXKE
3aJI0BOJIBHSITH BCIM BHMOTaM, IOB'SI3aHUM 3 PI3HUMH yMOBaMu Horo poOoTH B
CBep/NTOBHMHAX. TOMy cydacHa IEMEHTHA MPOMHUCIIOBICTh BUITYCKA€ JBa OCHOBHI
BUJIU TaMIOHAXKHOTO IeMeHTy. OIuH 3 HUX NPHU3HAYCHWH /I [IEMCHTYBaHHS
“XoNoaHUX"’ CBEPJIJIOBUH 3a HU3bKUX Ta HOpMaibHUX Temreparyp (15 °C — 50 °C),
a 1Hmm — “rapsuux” (moHax 70 °C). Llementu BUNpOOOBYIOTH BIANOBIAHO HPH
111 °C1i 150 °C.

BusiBieHO BIUIMB XapakTEPUCTHUK IIEMEHTY Ha PEOJIOTII0 IIEMEHTHOTO
pO3YMHY, SKa BH3HAYa€ 3arajbHy ITOBEJIHKY, a TaKOX YMOBH eKCIUTyaTallil
y CBEpJIJIOBMHAX IIEMEHTHOTO KaMeHro. Ha #oro TBepJHEHHS iCTOTHO BILTMBAIOTH:
MIHEpAJIOTTYHUM CKJIaJ] LIEMEHTY, TOHKICTh MOMeNy 1 pedoBuil ckiaa. OmnucaHo
TBEPJHCHHS B arpeCHMBHUX CEPEJOBMINAX Ta MiHEpPAJIbHHH CKJIaJl IIEMEHTHOTO
KaMEHIO.

Posrinsuyta cuctema CaO — AlO3— Fe,O3— Cry03, sik ocHOBa 17151 pO3pOOKH
TaMIIOHAKHUX [IEMEHTIB Ta IMiJICHCTEMH 3 SIKHX BOHA CKJIAJIA€ThCS.

Bunineni npo6iemu, siki B JaHUH MOMEHT III¢ HE BUPIIICHI, a CaM€ BUMOTH,
SKI BUMAaralroTh IIOIIyKIB HOBHX TEXHOJOTIYHHMX pIlIeHh II0J0 XIMIYHOTO Ta
MIHEpAJIOTIYHOTO CKJaay B’sDKYYMX MaTepialliB TiipaTallifiHOro TBEpPIHEHHS Ta
BUKOPHUCTAHHS BIIXO1B XIMIYHOI IIPOMHUCIIOBOCTI.

BusnaueHo Hampsmu Ta  chOpMYIBOBAHO  3aBIAHHS  JOCIIJKCHb,
CIPSIMOBaHUX HAa OTPUMAHHS CKJIAJliB BUCOKOS(HEKTUBHUX TAMIIOHAKHUX 1[EMEHTIB
Ha ocHOBI YotnprkoMmmnoHeHTHOI cuctemMu Ca0 — Al,Os — Fe;03— Cr.03, sika Oyne
(b13UKO-XIMIYHOT OCHOBOIO PO3POOKH CKIIAJIB TAMIOHAXKHHUX IIEMEHTIB Ha OCHOBI
NIPEICTaBICHUX BITXO/IIB.

B npyromy po3zginai HaBeIeHI BIOMOCTI IOJO CHPOBHHHUX MaTepiaiiB Ta
KaTajai3aTopiB, METOAIB BUTOTOBJICHHS 3pa3KiB, a TAKOXX HaJlaHa XapaKTEPUCTHKA
METOMIIB Ta OOJIaJHAHHA JJIsI TEOPETUYHHMX 1 EKCIIEPUMEHTAIbHUX JOCITIIKEHbD,

31IICHEHUX B POOOTI.
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TeopeTuuHi 1OCHIIKEHHS MPOBOJMUIN 3 BUKOPUCTAHHAM CYyYaCHUX METO/IIB
aHai3y 3riHO MOJIOKEHB (PI3UYHOT XiMii 1 TEPMOJMHAMIKH CHITIKATIB.

Jlnst cuHTe3y 3pa3kiB 3aaHOro (a3o0BOro CKJIATy MPOBOJIUIIOCS MOCIITOBHE
noJpiOHEHHS, 3MILIyBaHHSA 1 BHIAJEHHA CHPOBUHHUX cyMimeid. PerenpHo
noJpiOHEHHSI 1 3MIIIyBaHHA CHUPOBUHHHMX KOMIIOHEHTIB BHUKOHYBAJIOCh B
1a00paTOpHOMY KYyJIbOBOMY MIIMHI “MOKpUM crnocobom”. TOHKICTh mnoMeny
KOHTPOJIIOBAJIacsd CUTOBUM aHali3oM. [lepen BumanroBaHHSIM CHUPOBUHHI CyMImIi
(dbopMyBaIuCs METOJIOM JBOCTOPOHHBOT'O MPECYyBaHHS MPHU MUTOMOMY THCKY 60 —
80 MIla. Bunan O6pukeTiB 3/A1iCHIOBABCS B CHUJIITOBOM 1 KPUMNTOJNOBIN Meyax mpu
1250 °C 1 130TepMIYHUX BUTPUMKAX 2 TOJUHHU.

HocnimpxeHHs: ¢a3oBOro ckiaay NpOAYKTIB BUIMATY CUPOBUHHUX CyMiIIei i
riparaiii B’sKy4MX MarepiaiiB MPOBOJUIOCS 3a JOMOMOIOI TaKuX (i3HKO -
XIMIYHUX METOJIB aHalli3y sk peHTreHodazoBuii (nudpaxromerp «JApoH - 3My,
po3mudpoBka peHTreHorpam nposoamiack 3a Powder Diffraction File), Inorganic
Phases. Alphabetical Index (chemical & mineral names), audepenmiiino -
tepmiunuii (nepusarorpad Q - 1500 [ cucremu F. Paulik - J. Paulik - L. Erdey),
4 - cnoekrpockomis  (iHpakpacHuii  ¢yp'e-cnektpomerp Tensor 27),
nerporpadiunuii  (momspu3aniitauii - mikpockon MIH - 8), enekTpoHHO-
mikpockomiunuit (JSM -840 scanning microscope).

di3uKo-MexaHIuyHI BUIPOOYBAHHS IIEMEHTY MPOBOIMIKCS 3T1IHO METOIUKHU
manux 3paskiB M.I. CtpenkoBa. TexHiuHiI BIaCTUBOCTI PO3pOOJICHUX MaTepialiiB
BU3HAYaNMKMCS 3a craHgapTHuMu Merogamu, 3rigao JICTY b B.2.7-88-99
(TammonaxxHi 1ieMeHT. TeXHIYHI YMOBH).

Temneparypu 1 cCKiIagd €BTEKTHKH B OIHapHHX Tepepizax CHUCTEMU
po3paxoByBaizach  3a  ¢opmymnamu  Encreitna-Xoynenn, a B TpH-
1 YOTUPUKOMIIOHEHTHUX Tepepi3ax — IIJISTXOM BHPIMIEHHS CHUCTEMU HETIHIHHUX
PiBHSHB.

B TperbomMy po3aii  TEOPETHYHO OOTPYHTOBAHO 32  JIOMOMOTOO
TEPMOJAMHAMIYHUX METO/IIB PO3PAXYHKY:

— TEepMOJMHaMIYHA OI[iIHKa IMOBIPHOCTI YTBOPEHHS TPUKOMIIOHEHTHOI

cnonyku CasAlsCr,015 B cuctemi CaO — Al,O3— Fex03— Cr03


http://www.dnaop.com/html/43963/doc-%D0%94%D0%A1%D0%A2%D0%A3_%D0%91

— YTOYHEHHS cyOcomiaycHoi OyJOBHM TPUKOMIIOHEHTHOI  CHCTEMH
Ca0 — Al;O3— Cr,03, 3 ypaxyBanusam icayBanHs crioiayku CagAlsCro01s

— YTOYHEHHs CcyOcomaycHOoi OyJIOBM UYOTHUPUKOMIIOHEHTHOI CHCTEMH
CaO — A|203 — F8203 — szOs

— OI[IHKa TeMIIepaTtyp 1 CKJIaJiB €BTEKTHK MOJIKOMIOHEHTHUX IMepepi3iB
cucremu CaO — A|203 — Fezos — szOg.

Ha miacraBi po3paxyHkiB Oyia npoBeieHa TeTpaeapalis CMCTEMHU Ta aHaJl3
TeMIIepaTyp 1 CKJIaJiB eBTEKTUK mojlikoMnoHeHTHOTo nepepizy CaAl,04 — CaCry04
— CapAl14033 — CasAlF2010 wotupukommnonentHoi cucremu CaO — Al,O3 — Feo03
— Cr,03, 1oBeIeHO BUKOPUCTAHHS CKJIAJIIB palliOHAIbHOI 00JacTi JUIsl OTpUMAaHHS
TAaMIIOHXHUX IIEMEHTIB 3 TiIBHIIEHOI0 TEMIIEPATyPOIO SKCIUTyaTallii, SKi MOXYTh
OyTM BUKOPUCTaHI JUIS TAMIIOHYBaHHS TrapsA4uX Ta30BUX CBEPIJIOBHH
IPOMUCIIOBHUX PET10HIB YKpaiHH.

B derBepromy po3nauii micis BUKOHAHHS PO3paxyHKIB MO TPIaHTYJSIi
cuctemu CaO — Al,O3 — Fe;03 — CrpO3 1 BU3HAUEHHST TE€OMETPO-TOMOIOTT YHHX
XapakTepucTuk 11 (a3 mnepednuin Oe3nmocepeHbO 1O OTPUMAHHS B’ SHKYUHX
MaTtepiajgiB Ha OCHOBI CHOJYK Ili€l CHUCTEMH, SKMUM IIPUTAMaHHI KOMILIEKCOM
CHeIiaJbHUX 3aJaHUX BJIACTUBOCTEH.

HNocmimkeno BignpampeoBani karamizatopu CTK-1 Tta THUAII - 14C.
Ocob6nuBocTi nposiBy B’suky4unx BiaactuBocTer croinyku CagAlsCro01s Ilpoenena
ONTHUMI3AIliA CKJIAIIB Ta TEXHOJOTIYHUX IapaMeTpiB CHHTE3Y TaMIIOHAKHHUX
IeMeHTiB Ha ocHOBI crtonryk cuctemu CaO — Alb,O3 — Fe;0O3 — Cr03,

Po3pobneni ckmamu 1MEMEHTHOTO KIIHKEpPY Ha OCHOBI KaramizaTopiB. 3a
pe3ynbTaTaM TMPOBEACHHUX JOCTIKEHb ONTHUMAJIbHUM BHOpPAHO CKIAJ, SKUN
Bignosigac CaAl,O4 — 30 mac. %, CaCr,04 — 10 mac. %, CapAl14033 — 30 mac. %,
CasAlxFe;019 — 30 mac. %. ocmimkeHi 0co0auBOCTI (ha30yTBOPEHHS Y IIEMEHTaX
CUCTEMH Ca0 — Al,O3 — Fe203 — Cr20s. [IpoBeneHi peHTresorpadivHi
JOCIIKEHHS CTIeKiB. BUBYEHI MPOAYKTH TipaTallii TAMIIOHAKHHUX 1IEMEHTIB.

B n’sitomy po3auii npoBeieHa po3po0OKa CKiIaAiB TAMIIOHAKHUX PO3YMHIB Ha

ocHoBi cronyk cuctemu CaO — AlL,O3 — Fe,03 — Cr0s.
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[IpoBeneHi JOCHIIKEHHSI MOMJIMBOCTI BUKOPHUCTAHHS BIANPALIbOBAHUX
karamizaropiB CTK-1 ta TMAII-14C y BUpOOHMUTBI TAMIOHAaKHUX LIEMEHTIB. 3a
pe3ylbTaTaMi  MPOBEICHOT0  KOMIUIEKCY  (DI3UKO-XIMIYHMX  JIOCIIIJIKEHb
BCTaHOBJICHO, 110 BeauunHoo BMicTy Al,Os, Fe;03 ta CryO3 mani BigmpaiboBaHi
KaTajgi3aTopyd MOXYTh OyTH BUKOPUCTaHI y CKJIaAl CyMIlll AJii OTPUMAHHS
IIEMEHTIB, SIK aJlFOMOBMICHUX, 3aJ130BMICHUX Ta XPOMOBMICHUX KOMITOHEHTIB,
3aMICTh atOMiHiI0 okcuay, 3amiza (I1I) okcuay ta xpowm (III) oxcuay mapku YA,
1110 JTO3BOJIAJIO PO3POOHTH PECYPCOOIIATHY TEXHOIOTIF0 TAMIOHAXHUX [IEMEHTIB.

Ha ocHOBI cuHTE30BaHOTO 3a pecypco30epirarouord  TEXHOJOTIEH0
TaMIIOHKHOT'O KaJIbI[il amoMO(pEepOXpPOMITHOTO IEMEHTY pO3poOJieH] CKIIaau
TaMIIOHAKHUX PO3YMHIB. SIK HAIMOBHIOBAadYi 3alpOIOHOBAHO BUKOPUCTOBYBATH
IPUPOJIHI MaTepialid, sIKI TPAAUIIHHO BUKOPUCTOBYIOTHCS TPOMHUCIIOBICTIO - TICOK
ta Oaputr. Y pe3yapTaTi MOCTIKEHHS (I3UKO — MEXaHIYHUX 1 TEXHIYHUX
BJIACTUBOCTEH BCTAHOBJICHO, II0 OTPUMAaHi PO3UMHU XaPAKTEPHU3YIOTHCS BUCOKOFO
MIIHICTIO SIK Tpu cTucky (Mo 55 MIla), tak 1 mpu Buruni (mo 7,2 MIla),
BojoBiinennsam 0,07 cm®/r, xoedinienrom cymbdarocTiiikocti 1,31, cTilikicTio
710 OJHOYACHOTO BIUIMBY IIIBUIIEHUX TEMIIEPATyp 1 THCKIB.

[TpoMucnioBi BUNIPOOYBaHHS TAaMIOHAKHOTO PO3YMHY 3 BUKOPUCTAHHSM SIK
3alOBHIOBAYiB OapuTy Ta micky mnpoBeaeHo y TOB HBII “Monomit”
(M. Koctantuniska), TOB “Cnenkepamika” (M. PyOoixkue). 3a pe3yabraTaMu SKUX
BCTAHOBJICHO, MI0 OTPUMAaHUN PO3YMH MOXKE OyTH pPEKOMEHJOBAaHUN IS
[IEMEHTYBaHHS 00CaIHOT KOJIOHHU “Tapsidoi”’ ra30400yBHOI CBEPITIOBUHHU.

HaykoBi pe3ynbTaTu BOPOBAIKEHI Yy HaBYANBbHUW Tipoiec Kadeapu
TEXHOJIOT1i KepaMiKu, BOTHETPHUBIB, CKJia Ta emaiei HaimioHaabHOTrO TEXHIYHOTO
yHIBepcUTETY “XapKiBChKHIA MOMITEXHIYHAN IHCTUTYT .

Knwouosi cnoea: TamMIoHaXHIM IIEMEHT, TEPMOJWHAMIYHI KOHCTaHTH,
dazoBuii ckiam, rimpaTaris, IEMEHTHUNA KaMiHb, aTOMOGEPOXPOMITHHHN IIEMEHT,
YOTUPUKOMITOHEHTHA  CHCTEMa, TeOMETpPO-TOMOJIOTIYHMM  aHami3, 00’eM

€JI€MEHTapHUX TeTpaeApiB, EBTEKTHKA, TEMIIEpaTypa, JIKBIIYC.



Cnucoxk OCHOBHMX Ipaub Ony0/JIIKOBaAHHMX 32 TEMOIO AUCepTAaLil.

Hayrxoei npayi, siki 6i0odpascaiomes 0CHO8HI HAYKOGI pe3ynibmamu oucepmayii

1. IessroBa H. b., [llabanona I'. H., Koporoackas A. H., 'anonona E. A.,
Bopoxousu P. M., TI'amoa O. A., JleBamnas C. B. Pecypcocbeperaromas
TEXHOJIOTUSl TJIMHO3EMHCTBIX LIeMeHTOB: MoHorpadus. XapbkoB: HTY «XIIN»,
2020. 236 c.

2. JlesaroBa H.b., IllaGanoBa I'.M., Koporoaceka A.M., Jleitneka B.B.
OnrtuMizaiisi CKJIQAIB CHEIliaJbHUX KOPO3IMHOCTIMKUX IIEMEHTIB Ha OCHOBI
xommosumii cuctemu CaO — BaO — Fe,O3— SiO;: konexktuBHa MoHorpadis / 3a
3ar. pen. B.I1. Conosa, B.I1. Muponenka. Xapkis: XHYBA, 2018. C. 133-135.

3. JlessaroBa H.b., Illa6anoBa I'.H., Koporoackas A.H. VYTtounenue
cyocomuaycuoro crpoenusi cuctembl CaO — AlO3 — CrpO3 ¢ ydeToM TpOHHOTO
coequneHust CasAlsCro01s5. Ocneynopwr u mexnuueckas xepamuxa, 2017, Ne 9.
C.18-23.

4. JlepstoBa H. b., Ila6anoBa I'. H., Koporoackas A.H. O6GocHoBanue
BO3MOKHOCTH HCIIOJIb30BAHUSA OTXOJOB B TEXHOJIOTMH TAMIIOHAXHBIX IIEMEHTOB.
Bicnux Hayionanvnoco mexuiunozo yuigepcumemy "XIII". Cep.: Ximis, ximiuna
mexHo102is1 ma ekonoeis: 30. nayk. np. Xapkie : HTY "XIII", 2018. Ne 39 (1315).
C. 84-809.

5. Deviatova N. B., Shabanova G. N., Korohodska A. N. Refinement of the
subsolidus structure of the four-component system Fe;Os;— CaO — Al,O3— Cr20s3,
Voprosy khimii I khimicheskoi tekhnologii. 2019. Ne2. P. 144-149.

6. Jler’stoBa H. b., Koporoaceka A. M., [lla6anosa I'. M., Tuuuna O. M.
Po3spaxyHok Ta oOIliHKa TeMmIepaTyp 1 CKJIaJiB €BTEKTUK TMOJIKOMIIOHEHTHUX
nepetuHiB  cucremu Fe;03— CaO — Al,Os— Cr03. Haykoei  docniodicenms
3 8oeHempugie ma mexuiunoi kepamixu : 30. nayx. np. 2020. N° 120. C. 120-125.

Onyonixoeani npayi anpoodayinino2o xapakmepy:

7. JemstoBa H.b.  IIla6anmoBa I'.H., Koporoackas A.H.
PecypcochOeperaromiasi TEXHOJIOTUSI TaMIOHAXXHOTO LEeMeHTa. Ximisi ma cyuacHi

mexHosoeii: 30. T€3 MXKHAp. HayK.-TexH. KoH}., JJrimpo. 2017. C. 129.
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8. llessitoBa H. b., [1la6anosa I'. H., Koporoackas A. H., Bopoxousin P. M.,
I'amoBa O. A., JleBagnas C. B. ®u3nko-XxMMHUYECKHE OCHOBBI HCIIOJIb30BaHUS
OTpa0OTaHHBIX  KAaTaJlM3aTOPOB B  TEXHOJOTMU LEMEHTOB. Komnoszuyiuni
mamepianu. 36. Te3 X MixHapoaHoi Hayk.-TexH. WEB-kond. Kwuis: HTYY
«KIII», 2017. C.24-25.

9. Hewr’satoBa H. b., Koporoackas A. M., [llaGanosa I'. M., ®ecenko A. B.,
Hanko H. C., Xpuctuu O. B. JlociniskeHHs] MOXKIUBOCTI BUKOPUCTAHHS BIIXO/1B
XIMIYHOTO BUPOOHUIITBA JJII OTPUMAHHS TaMIIOHAKHOTO IIEMEHTYy. Exo/nociuna
besnexa: npoonemu i winsaxu eupiwenns: 30. te3 XII MixHapogHOi HAyKOBO-
npakTU4HOi KoH(., Xapkis, 2017, C. 235-238.

10. [Hesstoa H.b., I1la6anmoBa I.H., Koporoackas A.H.
[TporHo3upoBaHue TEMIIEpaTypbl SKCIUTyaTallud >KAPOCTOMKUX TaMITOHAXHBIX
LIEMEHTOB. TexHonozusi u npumeHeHue O02HEeYNnopo8 U MeXHUYEeCKOU KepamuKu
6 npomvluLieHHocmu. 30. Te€3 MbKHap. HayK.-TeXH. koH}., Xapkis, 2018. C. 84-89.

11. JleBsaToBa H.b., Koporoackas A. H. O CTPOCHUU
YEeTBIPEXKOMIIOHEHTHOW  cucteMbl  Fe;03— Ca0O — Al,O3—Cr,03 B obnactu
cyOconmunyca. Quzuko-xumuueckue npooOieMvl 6 MEXHON0SUU MY2ONIABKUX
HeMemaiiuyeckux u CUIUKAMHbIX Mamepuanog: 30. Te3 MDKHAp. HayK.-TeXH.
koH., Huinpo, 2018. C. 79.

12. Deviatova, N. B., Korohodska, A.N. Phase formation of alumocromite
cement clinkers. 20 International Baustofftagung, Weimar, Bundesrepublik
Deutschland, 2018, P. 1996-2002.

13 JessaroBa H.b., Koporoackas A.H., [Ila6anoBa I'.H. ®wusuko-
XUMHUYECKUE UCCIIEIOBAHUS KIMHKEPA KaJbIMEBOTO aJTIOMOXPOMHUTHOTO I[EMEHTA.
Qu3uro-xumuieckue npoodremvl 8 MexHONL02UU My2ONIA6KUX HEMEeMALIUYeCKUX U
CUTUKAMHBIX Mamepuanos: 30. T€3 MDKHAp. HaykK.-TexH. koH}. Xapkis, 2020. C.
33-34.

PesynpTaTté mocimikeHb MOMOBiAaNMCh 1 OynM CXBaJieHI HAa 7 HAyKOBO-
TEXHIYHUX Ta HAYKOBO-MPAKTUYHUX KOHPEPEHIISIX Ta CEMIHAPAaX BCEYKPATHCHKOIO

Ta MDKHApOJAHOTO PIBHIB, a caMe: HAayKOBO-T€XHIYHIM koHbepeHuil «Xivig ma
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cyuacui mexnonoeiiy (M. Huinpo, 2017 p.), X MixHapoaHiii HAYKOBO-TEXHIYHUHN
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MY2ONIaeKUX HeMemauiuvyeckux u cunukamuulx mamepuanosy (M. Huinpo, 2018
p., M. Xapkis, 2020 p.), 20 International Baustofftagung (Weimar, Bundesrepublik
Deutschland, 2018).



ABSTRACT

Deviatova N. B. Resource-saving technology of oil well cements.

Qualifying scientific work on the rights of the manuscript. The dissertation
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Object of research is the regularities of the processes of calcium phase
formation of aluminopheromite clinkers.

Subject of research is physicochemical regularities of formation of phase
composition and structure of cement clinker and cement mortar on the basis of
system CaO - Al;O3 - Fe;03 - Cr,0s.

The dissertation is devoted to the solution of the scientific and practical
problem - development of resource-saving technology of oil cement for “hot” wells
based on aluminates, ferrites, and calcium chromites with the use of chemical
industry wastes.

The introduction substantiates the relevance of the dissertation topic,
indicates the relationship of work with scientific topics, formulates the purpose and
objectives of the study, defines the object, subject and methods of research, shows
the scientific novelty and practical significance of the results, provides information
on practical use, personal contribution of the applicant, approbation of research
results and their coverage in publications. Information on the structure and scope
of the dissertation is provided.

The first section describes the types of modern oil well cements according to
the ability of binders to form the structure, conditions for hardening of cement in
the well, the influence of external factors on the hardening time, given that
inspection and accurate inspection of the well is impossible.

Consider the basic requirements and properties of oil well cements. Oil well
cements must be characterized by the required strength in the first two days of
hardening. The strength of the hardened cement mortar in the short curing time

should ensure the fixation of the column in the wellbore. An important indicator is
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the viscosity of the cement mortar, the fluidity that characterizes it. Cement of one
variety can not meet all the requirements associated with different conditions of its
operation in wells. Therefore, the modern cement industry produces two main
types of oil well cement. One of them is designed for cementing "cold" wells at
low and normal temperatures (15 °C — 50 °C), and the other - "hot™ (over 70 °C).
Cements are tested at 111 °C and 150 °C, respectively.

The influence of cement characteristics on the rheology of cement mortar,
which determines the general behavior, as well as operating conditions in cement
stone wells, is revealed. Its hardening is significantly influenced by the
mineralogical composition of cement, the fineness of its grinding and material
composition. Described hardening in aggressive environments and mineral
composition of cement stone.

The system CaO - Al,Os - Fe;O3 - Cr03 is considered as a basis for the
development of oil well cements and subsystems of which it consists.

Problems that have not yet been resolved are highlighted, namely the
requirements that require the search for new technological solutions for the
chemical and mineralogical composition of binders for hydration hardening and
the use of the chemical industry.

The directions and tasks of the researches are directed on the reception of
structures of highly effective oil cements on the basis of four-component system
CaO0 - AlLO3 - Fe;0O3 - Cr,0O3 which will be a physicochemical basis of
development of compositions of oil well cements on the basis of the presented
waste are defined.

The second section provides information on raw materials and catalysts,
methods of sample production, as well as a description of methods and equipment
for theoretical and experimental studies carried out in this work.

Theoretical research was carried out using modern methods of analysis
according to the principles of physical chemistry and thermodynamics of silicates.

For the synthesis of samples of a given phase composition was performed

sequential grinding, mixing and firing of raw mixtures. Thorough grinding and
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mixing of raw materials was performed in a laboratory ball mill "wet method". The
fineness of grinding was monitored by sieve analysis. Before firing, the raw
material mixtures were formed by the method of bilateral pressing at a specific
pressure of 60 - 80 MPa. Firing of briquettes was carried out in silite and crypto
furnaces at 1250 °C and isothermal exposures.

The study of the phase composition of the products of firing of raw
mixtures and hydration of binders was carried out using such physico-chemical
methods of analysis, such as X-ray phase (diffractometer "Drone - 3M", X-ray
diffraction was performed by Powder Diffraction File), Inorganic Phases.
Alphabetical Index (chemical & mineral names), differential - thermal
(derivatograph Q - 1500 D system F. Paulik - J. Paulik - L. Erdey), IR -
spectroscopy (infrared Fourier spectrometer Tensor 27), petrographic (polarizing
microscope) MIN - 8), electron microscopic (JSM-840 scanning microscope).

Physico-mechanical tests of cement were carried out according to the
method of small samples M. I. Strelkova. Technical properties of the developed
materials were determined by standard methods, according to DSTU B B.2.7-88-
99 (Oil well cement. Technical conditions).

Temperatures and eutectic compositions in binary sections of the system
were calculated by the Epstein-Howland formulas, and in three- and four-
component sections by solving a system of nonlinear equations.

In the third section it is theoretically substantiated by means of thermo-
dynamic calculation methods:

- thermodynamic estimation of the probability of formation of the three-
component compound CasAlsCr,015 in the system CaO - Al,O3- Fe;O3 - Cr0s;

- refinement of the subsolidus structure of the three-component system CaO
- Al,O3 - Cr03, taking into account the existence of the compound CasAl4Cr,01s;

- refinement of the subsolid structure of the four-component system CaO -
Al,O3 - Fe;03 - Cr,0g;

- estimation of temperatures and compositions of eutectics of

multicomponent sections of the system CaO - Al,O3 - Fe;03 - Cr20s.
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Based on the calculations, the system was tetrahedraled and the analysis of
temperatures and compositions of eutectics of multicomponent cross section
CaAl;0,4 - CaCry04 - CappAl14033 - CasAlFe,0q9 of the four-component system
CaO - Al,O3 - Fe;03 - Cr,03 proved the use of warehouses of a rational region for
the production of oil well cements with high operating temperatures, which can be
used for tamponing of hot gas wells of industrial regions of Ukraine.

In the fourth section, after performing calculations on the triangulation of the
system CaO — Al,O3 — Fe;O3 — Cr,O3 and determining the geometro-topological
characteristics of its phases, we proceeded directly to obtaining binders based on
compounds of this system, which have a set of special properties.

The spent catalysts STK-1 and GIAP - 14C were investigated. Features of
the manifestation of the binding properties of the compound CasAlsCr,015. The
optimization of compositions and technological parameters of oil well cement
synthesis based on compounds of CaO — Al,O3 — Fe;O3 — Cr,03 system is carried
out.

Cement clinker compositions based on catalysts have been developed.
According to the results of the research, the optimal composition was chosen,
which corresponds to CaAl,04 — 30 wt. %, CaCr,04 — 10 wt. %, Cai2Al14033 — 30
wt. %, CasAlFe;010 — 30 wt. %. The peculiarities of phase formation in cements
of the CaO - Al,O3 - Fe;03 - Cr03 system have been studied. Radiographic
examinations of heat were carried out. The products of hydration of cements have
been studied.

In the fifth section, the development of compositions of grouting solutions
based on compounds of the system CaO — Al,O3 — Fe;O3 — Cr,03,

Studies of the possibility of using spent catalysts STK-1 and GIAP-14C in
the production of oil well cements. According to the results of a set of
physicochemical studies, it was found that the value of Al,Os, Fe;O3 and Cr,Os,
these spent catalysts can be used in the mixture to obtain cements as aluminum,

iron and chromium components, instead of aluminum oxide, iron (111) oxide and
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chromium (111) oxide brand Ch.D.A., which allowed to develop resource-saving
technology of oil well cements.

On the basis of synthesized by the resource-saving technology of oil well
calcium aluminumferrochromite cement, the compositions of oil well solutions
have been developed. As fillers it is offered to use natural materials which are
traditionally used by the industry - sand and barite. As a result of research of
physical-mechanical and technical properties it is established that the received
solutions are characterized by high durability both at compression (to 55 MPas),
and at a bend (to 7,2 MPas), in water separation of 0,07 cm?®/g, sulfate resistance
coefficient 1.31, resistance to simultaneous exposure to elevated temperatures and
pressures.

Industrial tests of grout with the use of barite and sand aggregates were
carried out in LLC SPE "Monolith" (Kostiantynivka), LLC "Spetskeramika™
(Rubizhne). According to the results of which it was established that the obtained
solution can be recommended for cementing the casing of a “hot” production well.

The scientific results are introduced into the educational process of the
Department of Technology of Ceramics, Refractories, Glass and Enamels of the
National Technical University "Kharkiv Polytechnic Institute".

Keywords: oil well cement, thermodynamic constants, phase composition,
hydration, cement stone ,. aluminopheromite cement, four-component system,
geometro-topological analysis, volume of elementary tetrahedra, -eutectic,

temperature, liquidus.
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