AHOTALIISA

Jlesaona C. B. KoOGanbTBMICHUN TVIMHO3EMHHUM I[IEMEHT HA OCHOBI BIIXOJ1B
XIMIYHO1 ipomucioBocTi. — KBamidikaiiiHa HaykoBa mparis Ha paBax pyKOIIUCY.
Hucepramiss Ha 3100yTTS HAyKOBOro CTymHeHs JokTopa (dimocodii 3a
cunemianpHicTIO 161 — Ximiuni TexHosyorii Ta imxkenepis (16 — XimiuHa Ta
OloimxkeHepis). — HamioHanpbHMII TEXHIYHUN  yHIBEpCUTET «XapKiBCHKUI
MOMITEXHIYHUHN IHCTUTYT», MIHICTEPCTBO OCBITH 1 HayKH YKpainu, Xapkis, 2021.

O0’ekT [OCHIIKEeHHSI — 3aKOHOMIPHOCTI TMpOIECIB  (pa30yTBOPEHHSA
KIIIHKEPY TJIMHO3EMHUCTOrO0 IIEMEHTY Ha OCHOBI KOOalbTMOJ10/IEHOBOBMICHUX
Binxonis B cucremi CaO — CoO — Al,O3; — MoO:s.

IIpeamer nociiigskeHHs — 0COOJMBOCTI CUHTE3Y IIIMHO3EMHUCTUX LIEMEHTIB
Ha ocHOBI kommosuiiiii cucremu CaO — CoO — Al,O3 — M0O3; 3 BHKOpHCTaHHIM
K00aNbTMOJ10I€CHOBOBMICHUX BIJIXO/IIB JJIsl OTPUMAHHSI BOTHETPUBKUX MaTepiaiiB
3 KOMILUIEKCOM 3aJ]aHUX BJIACTUBOCTEH.

Juceprailito TPUCBAYEHO BHUPIIICHHIO HAYKOBO-TIPAKTUYHOI 3ajadl —
po3po0Ili CKJIAJIB TJIMHO3EMHUCTHUX IIEMEHTIB 3 BUCOKUMH €KCIUTyaTallitHUMU
XapaKTepucTHKaMu Ha ocHOBI cmonyk cuctemu CaO — CoO — Al,O; — MoO; 3
BUKOPHUCTAHHAM KOOAIBTMOII0A€HOBMICHUX BIJIXO/1B Ta OCTOHIB Ha iX OCHOBI.

B Bcrynmi OOIpyHTOBAaHO akTyalbHICTh TEMH JUcCepTaliiiHOi poOoTH,
3a3HAYCHO 3B 530K pOOOTH 3 HAYKOBUMH TeMaMH, C(HOPMYIHLOBAHO METY 1 3aj1adi
JOCHIKEHHS, BU3HAYEHO OO0 €KT, MpeaMeT Ta METOIAU JOCIIJKEHHsI, MOKa3aHO
HAyKOBY HOBHM3HY Ta NPAKTUYHE 3HAYEHHS OTPUMAHHX PE3yJbTaTiB, HABEICHO
iH(opMaIliio Tpo MpPaKTHUYHE BUKOPHUCTAHHS, OCOOMCTHH BHECOK 3/100yBaua,
anmpoOailito pe3yJbTaTiB JOCHIDKCHHS Ta iX BHCBITJICHHS Yy MyOiKallisx.
[TpuBOASTHCS BIOMOCTI IIOI0 CTPYKTYPH Ta 0OCATY JUCEPTaIiitHOI poOoTH.

[lepmmii po3aia MPUCBIYEHO aHai3y Cy4acHOI HAyKOBOI Ta MAaTEHTHOI
JITEPATypH MI0JI0 OJCPIKAHHS HOBUX BHUJIB Ta CKJIa/1B BOTHETPUBKHX IIEMEHTIB Ta
OeToHIB Ha 1iX OCHOBi, SKI MalTh BHCOKY MIIHICTh, BOTHETPUBKICTH,

JIOBFOBIYHICTh, MOKJIMBICTh €KCIUTyaTallli y BUCOKOTEMIIEPATypHUX pPEKUMaX Ta



yMOBax 3MIHHHX TemIieparyp. Taki po3poOku HEOOX1HO 31HCHIOBAaTH B YMOBax
BUYEPITyBaHHS a00 HETOCTATHOCTI SIKICHUX BUX1JHUX CUPOBUHHUX MaTepiaib.

Bukopucranas nmomiOHUX BIAXOJIB 1 MOOIYHMX MPOAYKTIB PI3HUX Taly3ei
MPOMUCIIOBOCTI CKJIaJla€ OAMH 13 HANPSMKIB PO3BUTKY TEXHOJOTII B’ SHKYy4HX
MaTepiaiB.

JUist OTpUMaHHS TJIMHO3EMHUCTUX IEMEHTIB MOXIJIHMBO MPOBECTH 3aMIHY
TFOMIHIMBMICHOTO KOMIIOHCHTY Ha aHAJIOTI4HI 32 CBOIM CKJIQJIOM BIJXOJM HOCIIB
KaTajgi3aTopiB, IO BUKOPUCTOBYIOThCS Ha MIANPUEMCTBAX XIMIYHOI raiysi
MIPOMUCIIOBOCTI JIJIs1 OUMINICHHSI BUKUIHUX Ta31B 1 PI3HUX BYIJIEBOJIHIB Ta MICTSTh
nonana 70 mac. % AlyO:s.

OpHak, Takl BIJXOOU MICTSTh Y CBOEMY CKJIaJl OKCHIU KOOAJIbTy Ta
MomiGneHy. VIMOBIpHICTH YTBOpEHHS CHONYK KOOAnbTy Ta MONIOICHY IIpH
TEpMIUHIM 00poOIl TakuX BIAXOMIB 3 METOI OTPUMaHHSA TJIMHO3EMUCTHUX
IIEMEHTIB, @ TaKOX CITIBICHYBaHHSA a00 B3a€MOJISl TaKUX CIOJYK 3 allfoMiHATaMU
KAJIBLII0 3YMOBIIOIOTh HEOOXIAHICTh PO3IJSAY YOTUPUKOMIIOHEHTHOI OKCHJIHOI
cucremu CaO — CoO — Al,O3 — M0oO3s, cyOcomigycHa OymoBa sKOi BiICYTHS Y
HasIBHIN JOBIAKOBIN JITEpaTypi, IO BUKIMKAE TPYIHOII MPU CTBOPEHHI HOBUX
BUJIIB TJIMHO3EMHUCTUX IIEMEHTIB HAa OCHOBI BIJIXOJMIB XIMIYHMX BUPOOHULTB. Lle
BU3HAYMIIO HAMPSAMOK HAYKOBUX JIOCIIIPKEHb JUCEPTALIMHOI POOOTH: MPOBEACHHS
TEOPETUYHUX Ta EKCTIEPUMEHTAIBHUX J0CHiKeHb Oyn0Bu cuctemu CaO — CoO —
Al,0;3 — MoO3; B obGnacti cyOcomigyca i po3poOKa BOIHETPUBKHX IIEMEHTIB Ha
OCHOBI 11 KOMIO3UIIIH.

B npyromy po3nuii HaBeleHa XapaKTePUCTUKA BUXIAHUX CHPOBUHHUX
MaTtepianiB, OOTPYHTOBAHO MOXMJIMBICTh BHUKOPWUCTAHHS BIAXOAIB B TEXHOJOTIT
B'SDKy4YMX  MaTepiayiB; BHU3HAYEHO BUOIP METOAUK  EKCIEPUMEHTAIBHHUX
JOCITIKEHb, Ta PO3PAXyHKOBHUX METOJIB, BHUKOPHUCTAHWUX [II1 BUKOHAHHS
JCepTaiiHol poOOTH.

s nmocmipkeHHss doTHpukoMioHeHTHOT cuctemu CaO — CoO — Al,O3 —

MoQO; 3anpomnoHOBaHO BUKOPHUCTAHHS KOMIUIEKCY CYYacCHUX METOIB aHali3y



0araTOKOMIOHEHTHUX CHCTEM: TEPMOJMHAMIYHUN, (DI3UKO-XIMIYHUMA, TeoMeTpo-
TOTIOJIOTIYHUH.

JIist cuHTe3y 3pa3KiB 3a7aHOr0 (Pa3oBOTO CKIAAY MPOBOJIUIIOCS MOCTII0OBHE
noApiOHEHHS, 3MIIITyBaHHS 1 BUTIAJICHHS] CAPOBUHHUX CyMIIIIEH.

[loBHOTa mepediry CHHTE3y CHOJYK  KOHTPOJIOBajacs  METOAOM
peHTreHo(}a3zoBoro aHami3y 1 METOJIOM XIMIYHOTO aHaji3y 3a BIJICYTHOCTI BIJILHOTO
OKCHUY KaJIbIIIfO.

JlocmipKeHHsT  MIKPOCKOMIYHOTO  CKJIaQy MPOAYKTIB Tifparaiii Ta
OTPUMaHUX MaTepiajiB MPOBOAMINCS 3 BUKOPUCTAHHSIM METPOrpadiuHOro METOIy
aHamizy (mossipuszamiitnuit Mikpockon MIH —8) Ta enekTpoHHOT MIKPOCKOMIi
(JSM-840 scanning microscope).

TepmorpaBiMeTpUYHMI METO]T aHAJI3y CUPOBUHHUX MaTepialliB MPOBOIUBCS
Ha nepuBaTorpadi Q — 1500 JI cuctemu F. Paulik — J. Paulik — L. Erdey.

@di3uK0-MeXaHIYHl BUMPOOYBaHHS IEMEHTY MPOBOAMINUCS BIIMOBITHO O
MeToaukun manux 3paskiB M.I. CtpenkoBa, a onTuUMaidbHl CKJIaId IEMEHTIB
BUNPOOOBYBAJIUCH 3T1THO AIFOYMX CTAaHAAPTIB HA BIAMOBIAHI MaTepialiu.

Temneparypu 1 CKJIagd €BTEKTUKM B OIHAPHUX TMEPETUHAX CHUCTEMU
po3paxoByBanucs 3a ¢opmyinamu Encreiina-XoyneHga, a B TphOX- 1
YOTUPUKOMIIOHEHTHOMY  TEPETHHAX — IIJITXOM  PO3B’SI3yBaHHS  CHUCTEMHU
HEJIIHIAHUX PIBHSHb.

MarematuuHa oOpoOka gaHuX JJisi TOOYI0BU Jiarpam “‘CKJaj-BJIaCTUBICTH
3 METOI0 ONTHUMI3AIlll CKJIAIB IEMEHTIB 1 (PpaKIifHOTO CKJIay 3amoBHIOBaYa
3MIHCHIOBAJIACS 3 BUKOPHUCTAHHSM METOJY CUMILICKC-PENIITYACTOTO TUIAHYBAaHHS
EKCIIEpUMEHTY 3 BUKOpHCTaHHsAM mporpamuux makeriB Office Excel Ta Triangle
1.0.

@D13MKO-MEXaHIYHI Ta TEXHIYHI XapaKTEPUCTHUKU PO3pPOOJIEHUX MaTepiajiB
BU3HAYAJIMCSA BIJIMOBITHO /IO CTaHJAPTHUX METOAMK JOCITIPKEHHS TYTOIUTABKUX

B'SDKY4YHMX MaTepiaiB.



B TperbomMy  po3nuti  HaBeAeHlI  pe3yJdbTaTH  TEOPETUYHHX  Ta
EKCIIEPUMEHTAJILHUX JTOCTIKEHb CyOCoiaycHoi OymoBu moTpiHuX cuctem CaO
— Co0O - MOO3, CaO - A|203 — MOOg, CoO — A|203 — MoO3; Ta
yotupukommnoHeHTHoi — cucremun  CaO — CoO — Al,O3—MoO3; B obOnacrti
cyocomigyca. PospaxoBani TepmomuHamidHi KoHcTaHTH OiHapHUX COAIlZO,,
CoMo00O;, i TpukommonenTHoi croyku CazCoAl4O19, siki BIACYTHI B JTOBIIKOBIi
Jitepatypi 1 chopMoBaHO 0azy TEPMOIMHAMIUHUX MaHUX, SKI HEOOXITHI IS
BU3HAYECHHS WMOBIPHOCTI MPOTIKAHHSA TBEPAO(Aa3HUX PEAKIIN 32 y4aCTIO CIOIYK
CUCTEMH, a TaKOX Mepediry o00OpOTHUX OOMIHHMX B3a€MOJIN, SKI 3yMOBIIOIOThH
HasIBHICTH IIEBHUX KOHOJ B 0araTOKOMITOHESHTHIN CUCTEMI, 1110 MICTUTh aJIIOMIHATH
1 MOJTIOAaTH KaJIbIIiIO Ta KOOAJIBTY.

[IpoBeneHo  TepMOAMHAMIYHI  pO3paxyHKH HWMOBIPHOCTI  YTBOPEHHS
notpiitHoi criosryku CazCoAl,Oq B cuctemi CaO — CoO — Al,Os.

YTouneHo OynoBy tpukommoneHntHoi cucremu CaO — CoO - Al,O; B
o0JacTi cy0Ocoutiryca 3a HassBHOCTI 1 BificyTHOCTI moTpiiHO1 crionyku CazCoAl;Oqp.
BcraHoBnieHo, M0 cucTeMa NpH HAsiBHOCTI MOTPIMHOI CHOJYKH pO30MBAETHCS HA
9 eneMeHTapHUX TPUKYTHUKIB. [IpoBeneHo aHami3 CHCTEMH 1 BHSBJICHO, IO
ONTHUMAJIBHAM 3 TOYKH 30PYy OTPUMAaHHS TJIMHO3EMHCTHX IIEMEHTIB € TPUKYTHUK
CaAl,0, — CaAl,0; — CoAl, 04, sxmit  micTuth  (asu, 1m0 MalTh 3HAYHI
WMOBIPHOCTI ICHYBaHHSI Ta BUCOKI TEMIIEpATypH TIABICHHS.

Bnepmie nocmimkeno OymoBy TpukommoHeHTHHx cuctem CaO — CoO —
MoO3;, CoO — Al,O3;—-Mo00;, CaO - Al,O3—Mo0O; Ta BCTaHOBIEHO, IO
HaNOUIbIILY TEPMOJAMHAMIYHY CTAOUTbHICTh MalOTh MoJ10AeHOB] crioiayku CaMoO,
1 CoMo0OQs, cmiBiCHyBaHHSI SIKMX 3 BOTHETPHBKOI KOOAJIhTOBOKO IIMIHEIITIO 1
TiIpaBIIYHO AaKTUBHUMU  QJTIOMIHATAMH  KaJIbIIO  JO3BOJIIE OTPUMYBATH
TJIMHO3EMHUCTI IIEMEHTH Ha OCHOBI BIJIXO/I1B XIMIYHO1T POMHUCIOBOCTI.

Busnaueno cy6OcomigycHy OynoBy 4OTHPUKOMIIOHEHTHOI cuctemu CaO —
CoO — Al;,0; — M00QO3, sika po30uBaeTbcss Ha 16 eleMEHTApHUX TETpaclupiB B

cyOconiaycHiid obnacti. J{yi1 BUBYUEHHSI B3a€MO3B'SI3KY €JI€MEHTApPHUX TETpaeapiB



noOynoBaHuit  TomosioriyHui  rpad.  HaBemeHo — reomMeTpo-TOMOJIOTIYHY
XapaKTePUCTUKYy CHCTEMH Ta BCTAHOBJICHO, IIO JJs OTPUMAaHHS B'SKY4OTO
MaTepially BHCOKOi MIITHOCTI IHTEpeC MPEeICTaBIATUME eIeMEHTApHUN TeTpaep
CaAl,04 — CaAl;O7 — CoM00O4 — CoAlLO4. [lanuii TeTpaeap MICTUTh TiAPaBIIUHO
aKTUBHI (Da3u TIMHO3EMHCTOTO IIEMEHTY Ta BOTHETPUBKY KOOAJIbTOBY INIiHENb,
10 JI03BOJISIE PO3POOISATH Ha OCHOBI MOr0 KOMITO3HUIINA CKJIaAu MOAMGDIKOBAHUX
TJIMHO3EMHUCTHUX IIEMEHTIB 32 PECYPCOOIIATHOI0 TEXHOJIOTIETO.

Po3paxoBaHo Ha OCHOBI amnpoKCUMalli EKCIEPUMEHTAIBHUX JTaHUX
TEMIIEpaTypy IUIABJIEHHS 1 CKJIAgu EBTEKTUK Jisd OIHApHUX, MOTPIMHHUX Ta
YOTUPUKOMIOHEHTHOTO TmiepetuHiB B cuctemi CaO — CoO — Al,O3 — M0O:s.
BcranoBneHno, 1m0 HaWOUIBII ONTUMAJIbHUM JUIsi OTPUMAaHHS BOTHETPUBKUX
B'SOKYYHMX MatepiaiiB € ckiaja norpiitHoro nepepizy CaAl,O4 — CoAlO4 — CaAl,O;
(3 TemmepaTyporo ImiaBiieHHS €BTEeKTHKU 1497 °C), OCKUIbKM 10 KWOro CcKiany
BXOJISITh CIOJNYKM 3 BHUCOKMMH TEMIlEpaTypaMH IUIABJICHHA 1 B’ SDKYYUMU
BiactuBocTsAMU. binaphi nepepizu CaAl,O4 — CoAl;O4 Ta CaAl;O7 — CoAlL Oy, sxi
BXOJSTh B 3a3HAUEHUU MOTPIAHUHN Mepepi3, TaKOK MAOTh BHCOKI TeMIlepaTypu
eBTeKTHKHU (1544°C Ta 1676 °C BianoBigHOo). YOTHPUKOMIIOHEHTHA €BTEKTHUKA B
nepepizi CaAl,0, — CaAl,07;— CoM00O, — CoAl;O4 3mimena mno pedbpa CaAl,O4 —
CoMo0O, 1 cranoButh 1147 °C. Haiibinbiny TeMmepatypy Ma€ eBTEKTHKA,
po3ramoBaHa Ha pedpi CaAl,07 — CoAl,O4 (1676 °C). Takum uMHOM, IS
OTPUMAaHHs TYTOIUIaBKOTO HE()OPMOBAHOTO MaTepialy Ha OCHOBI KaJbI[I€BOTO
KOOQIhTAIFOMIHATHOTO LIEMEHTY, HEOOX1THO KOPUTYBAaTH (ha30BHM CKIIAJ] IIEMEHTY
B cropony Ourbiioro Bmicty COAl;O4. Tlpu oMy mpu HE3MiHHIH KUTBKOCTI
CaAl,O;, ta CaAl;O; HeoOxigHo 3menmiyBatu BMmicT ¢asu CoMoO, mms
MBUIIEHHS 3arajJbHOI TEMIIEPATyPH MOSBH PO3ILIABY.

B derBeproMy po3Aiii MpeACTaBICHI pPE3yJbTaTh PO3POOKU TEXHOJIOTIi
TJIMHO3EMHCTHX IIEMEHTIB Ha OCHOBI KOMITO3HI[Ii YOTHPUKOMIIOHEHTHOI CHCTEMU

CaO — CoO — Al;03 — M0QOg3 3 BUKOPHCTAHHSM BiJIXOIB XIMI4HOT IIPOMHCIIOBOCTI.



3a J0MOMOTOI0 KOMIUIEKCY (D13MKO-XIMIYHUX METOJIIB aHai3y MPOBEIACHO
JOCITIJKEHHS BiJMIPAIlbOBAaHWX HOCIIB KaTali3aTOpPIiB Ta BIAXOMIB BOJOOYHINCHHS
[IpAT “CeBepononenibke 00’e1HaHHS A30T Ta BCTAaHOBJICHO, III0 BOHH MOXYTh
BUKOPUCTOBYBATHUCS JIJISl CHHTE3Y €KCIEPUMEHTAIBHOTO TTIMHO3EMUCTOTO IEMEHTY
SK BUX1IHI QIFOMIHINBMICHI KOMITOHEHTH 3a paxyHOK BMicTy Al,O3 mo 87 mac. % y
CKJIaJll BIAMpAIlbOBAaHUX HOCIiB KaTasi3aTopiB.

CuHTE30BaHO psIA  CKIAAIB TJIMHO3EMHUCTHUX IIEMEHTIB, CKIAAM SKHX
ONTHMIi30BaHi 3a JOMOMOTOI CHMIUICKC-TPAaTdyacTOT0 METOAY IUIaHyBaHHS
EKCIIEpUMEHTY. 3a pe3yJbTaTaMU PO3PAaXyHKIB OOpaHO ONTHMAJIbHY O00JacTh
CKJIQJIB KaJbLI€BUX KOOAIBTBMICHHMX LIEMEHTIB 3 BMicTOM, Mac. %: CaAl,O4 — 25
— 55, CaAl,O7 — 15 — 35; CoAl,04 — 25 — 45.

3a  pesynapraTamu  (GI3UKO-MEXAHIYHMX  BUIPOOYBaHb  PO3pPOOJIECHUX
IJIMHO3EMHUX IIEMEHTIB BCTAaHOBJIEHO, IO BOHU BIJHOCSATHCS T1APABIIYHHUX
B’SDKYYUX MaTepiaiB 3  BoJoleMeHTHUM BimHomeHHsMm 0,20 —0,23; €
HIBUKOTBEPAHYYMMH (MILHICTh NPU CTUCKY Y Bill 1 100u TBepaiHHs ckinanae 18
— 46 Mlla), BUCOKOMIIHUMH (MILHICT OPHU CTUCKY y Bili 28 nmi0 TBEpAiHHSA
craHoBuTh 29,0 — 63,0 MIlla) rigpaBmiyHMMHU MaTepiajlaMd 3 TEeMIEPaTyporo
maBieHHd nonayn 1600 °C.

3a pesynbTaTamMu MPOBEECHUX JTOCHIKEHb ONTHUMAJIbHUM BHOpPAHO CKIal,
gk mictuth CaAl,O4 — 30 mac. %, CaAl,O; — 20 mac. %; CoAl,O4 — 50 mac. %.
JocmixeHHs: (13MKO-MEXaHIYHUX BJIACTHUBOCTEM ULEMEHTY OOpaHOro CKJIagy
MPOBOJMIINCS BIAMOBITHO IO JAepkKaBHUX cTaHAapTiB. OcCHOBHI (i3uko —
MEXaHI4YH1 BJIACTHUBOCTI pO3pOOJIEHOTO LEMEHTY: PIBHOMIPHICTh 3MIHM O0’€My —
pPIBHOMIpHE; TOHKICTh IMOMENy — MOBHHM Mpoxia Kpi3b cuto Ne 006; HOpMasibHA
ryctuHa — 0,2; TepMiHU TykaBiHHS: moyaTok — 1 rox 10 xB; kiHens — 5 rox 40 xB;
IPaHULsl MIIIHOCTI MpU CTUCKY Y Bill 28 A16 — 63 MIla. OCHOBHOIO TEXHIYHOIO

BJIACTUBICTIO PO3pOOJECHUX CKIJIA/IB IIEMEHTIB € BOTHETPHUBKICTh, SKa CKJIa/a€

1630 °C.



Hocmipkeni  mporecu  (a30yTBOPEHHS Y  CHUPOBHHHUX  CyMIiIlax.
BcraHoBieHo, 110 y CUPOBUHHUX CyMIIIaX, B3aEMOIISl OKCUIY Kanbllifo (i3 muiamy
BOJIOOYMCTKH) 3 OKCHJIaMHM aJFOMIHIIO Ta KOOaiabTy (13 BIAXOMy KaTaiizatopa) 3
MOMITHOIO IIBHJKICTIO TOYMHAae TmpoTikatu Bxe mnpu 900 °C Ta NOBHICTIO
3akiHuyeTbcss mpu Temneparypax 1300 —1350 °C 3 ¢opmyBaHHSIM 3a7aHOTO
¢dazoBoro ckiamuy.

JIist BCiX 3HAYEHB TEMIIEpaTyp 3aJCKHICTh € OJMM3BKOIO JIO0 JIHIAHOT Ta HE
BUXOJUTH 3 MOYATKYy KOOPJAHWHAT, 1€ CBIIYUTH MPO TE, IO Y MOYATKOBHHA TEPioj
MPOTIKAHHS MPOIECY MIBUIKICTD JIMITYEThCS XIMIYHOIO B3a€EMOJIIEI0 KOMIIOHEHTIB
CUPOBMHHOI CyMillli Ha MexXl po3auly ¢a3 1 TUIBKM MICHS YTBOPEHHS
Oe3nepepBHOrO IIapy NPOJAYKTIB TBepAO(Da3HUX peakiid MBUIKICTH MPOLECY
BU3HAYAETHCS TU(Y31€H0 KOMIIOHCHTIB y PEaKIIMHY 30HY.

[IpoBenenrmu peHTreHO(ha30BUMU JOCTIKEHHIMHU KIIIHKEPIB, BUIAJICHUX
Opy pI3HUX TEMIlepaTypax Ta Yaci BUTPUMKH JIOBEIICHO, IO Yy pPE3yJbTari
B3a€MO/IIi BUXIJHUX CHPOBUHHUX KOMIIOHEHTIB CyMillll y MaTepialll CHHTE3Y€EThCS
CYMIIll TIAPABIIYHO aKTUBHUX MOHO- Ta JIAIOMIHATY KaJbLil0 Ta BOTHETPUBKOI
KOOAJbTOBOI IIMIHEN, IO 3a0e3medye OJIepKyBaHUM B’SHKYUYMM Marepiajiam
KOMILJIEKC 3a/laHUX eKCIUTyaTallliHUX  XapaKTEepPUCTUK: BHUCOKY  MIIHICTb,
MPUCKOPEHI TEpPMIHU TBEPJIHEHHS, BOTHETPUBKICTh. BiacytHicth a3, ski
BIIMOBIAIOTh CIIOJYKaM MOJIIOJIEHY TMOSICHIOEThCS TUM, II0 BOHU BXOJSATH JO
CKJaJy TIAPABIIYHO AaKTUBHHUX aJIOMIHATIB SK OOMEXeHl TBEpAl PpO3YUHH,
nehopMyroUn KpUCTATIIYHY IPaTKy Ta IMiIBUIYIOYH T1APaBIIYHY aKTUBHICTD.

[IpoBeneni JOCIIKEHHS MPOAYKTIB rigpararii PO3p00JICHOTO
TJIMHO3EMHUCTOTO  IIEMEHTY. 3  pe3yjbTaTiB peHTreHorpadiyHOTO  aHaJi3y
BCTAHOBJICHO, 110 OCHOBHHMH KPUCTATIYHUMH (a3amMu TIUHO3EMUCTOTO IIEMEHTY
€ rigpoamtoMiHaTH  Kaublito  ckiaaxy —CpAHg, TiApokcua — alFOMiHilO,
riipokapOoamoMiHaT, a TaKOXX HETIAPATOBaHI CIOJYKH aJTIOMIHATY KAaJIbIIIIO
CaAl,O; 1 kobamety CoAlOs, mo Oynme 3ale3medyBaTH — TOJAIBIILY

pEKpHUCTai3ali€lo 1 3MILIHEHHS CTPYKTYPH LIEMEHTHOTO KaMEHIO.



MIKpPOCKOIIIYHUMH ~ JOCIIDKCHHSIMU CTPYKTYpH CKOJy TiApaToOBaHOTO
TJIMHO3EMHUCTOTO LIEMEHTY BCTAHOBJICHO, 1[0 BOHA IPEJCTaBICHa, B OCHOBHOMY,
PIBHOMIPHO  pO3TalllOBaHMMH  TIOJYacTUMU  Oe30apBHMMHM Ta  CipyBaTo-
KOPUYHEBUMU KPHUCTAJIaMHU 3 T€KCaroHAIIbHUMH OOpUCaMu Ta CIa0KUM TOJIBINHUM
CBITJIO3AJIOMJICHHSIM, K1 1I€HTU(DIKYIOTbCA K TAPOATIOMIHATH KaJbIIIO0 CKIATy
C2AHg (1o 35 00. %). HasiBHI KpyIiHI HET1paTOBaHI KPUCTAIU CUHBOTO KOJIbOPY
K0OanpTOBOI mImiHe . 31 30UIBIIEHHSAM TEPMIHY TiApaTallii 3araJbHUN MOPOBUI
IPOCTIP LEMEHTHOIO KaMEHIO 3MEHIIYEThCSA, IO CBIAYUTH MPO YUIUIbHEHHS
CTPYKTYpPH Ta 301JIbIIICHHS 3arajibHOT MIIIHOCTI MaTepiaiy.

TakuM 4YMHOM, BCTAaHOBJICHO, IO BHCOKA MIIHICTh IIEMEHTY OOYyMOBJECHA
HasgBHICTIO B HBOMY TigpoamtomiHariB kKaiblito Tunmy CyAHs, rtiapokcumy
QTIOMIHIIO, a TaKOXX HENpPOTiAPaTOBaHUX 3€PEeH aJIIOMIHATIB KAaJbIlI0, IO
COPHUATUME MOJANBIIOMY TpUBajJoMy Habopy MimHOCTI. CaMe Take CIiBICHYBaHHS
da3 sgK B KpUCTAJIIYHOMY, TaK 1 B KOJIOITHOMY CTaHi 3a0€3Me4ylOTh BHUCOKY
MIIHICTh IEMEHTHOI'O KaMEHIO.

[IpoBeneHO TMOPIBHSHHA  PO3POOJICHOTO IEMEHTY 3  TpaaulliiHUMU
MpOMUCIOBUMHU TileMeHTamu Mapku “Gorkal” BupoOnumrBa Ilombemr. OTtpumani
pe3ynapTaTH CBiAYaTh MPO Te, IO PO3POOJICHHI IIEMEHT € IIBHAKOTY>KaBIIOUHUM,
MIBUKOTBEPAHYYUM 3 BHCOKOIO MIITHICTh Ta BOTHETPUBKICTIO, 110 CBIAYUTH PO
HOro KOHKYPEHTOCIIPOMOKHICTh Ha PUHKY B'SKy4YHMX MaTepiaiB.

B 1m’stomy po3aiinl mOpeacTaBieHl  pe3yibTaTH  OJCpKaHHA — Ta
EKCIIEPUMEHTAJILHOTO  JIOCTI/DKEHHS  BOTHETPUBKUX O€TOHIB Ha  OCHOBI
PO3pOOIICHOTO TITMHO3EMHUCTOTO IIEMEHTY.

Jlis OTpUMaHHS BUCOKOMIIIHOIO BOTHETPMBKOIO OETOHY 3 MOKpalleHUMHU
EKCIUTyaTal[IfHUMU ~ XapaKTEePUCTUKAMU TMPOBEACHO TMiA0Ip  pallioHAIBHOTO
IPaHyJIOMETPUYHOTO CKJIaly 3al0BHIOBAaYa 3 ypaxyBaHHSIM MILIHOCTI, HIIBHOCTI Ta
OJHOPIAHOCTI. K B’SKy4dy pEUYOBHHY BHUKOPHUCTAHO TJMHO3EMHUCTHHA LEMEHT
ONTUMAJIBHOTO CKIIAy, SK 3allOBHIOBAY — BUCOKOTJIMHO3EMHCTHH IIIaMOT. 3a

pe3yJibTaTaMu BUKOHAHUX PO3PaxyHKIB Ta MaTeMaTUIHOT 0OpOOKU €KCIIEPUMEHTIB



OTpUMaH1 PIBHSIHHSA perpecii Ta noOyAoBaHI CHUMIUICKC-JIarpaMud ‘‘CKiaa —
MIITHICTH Ta “CKJIaJ] — ySBHA IIITLHICTD .

BcranosneHo, 1110 a1t oTpuMaHHs OCTOHY IMiABUIIEHOT MIITHOCTI, IIIJIBHOCTI
Ta OJHOPIAHOCTI HEOOXiJHE HACTyIHE CITIBBIIHOIICHHS (pakiliii 3aloBHIOBayYa
mac. % (BiZHOIIEHHS LIEMEHT : 3al0BHIOBau gopisHIoc 1 : 3): (1,25 - 0,63)- 103 M —
10 - 35; (0,63 — 0,315)-103 m — 15 — 45; (0,315 - 0,15)-10° m — 30 — 65.

3a pe3ynpTaTaMH JIOCIHIKEHb BCTAHOBJICHO, II0 Ha OCHOBI PO3POOJIEHOTO
[JIMHO3EMHUCTOTO LIEMEHTY MOXKHa OTpUMYyBaTH O€TOHM Ha OCHOBI pI3HUX
HAMOBHIOBAYiB 3 BHUCOKOIWO MinHIcTIO BupobnunrBa [TAT “JIpyxkiBchbkuid
BOTHETpUBKUU 3aBoa” . Po3pobneHi ckimagu OetoHiB y Bimi 28 110
XapaKTepU3yIThCS HACTYIMHUMHU TMOKa3HUKAMU: MIIHICTh MPH CTUCKY 52 — 65
MlIla; BoruerpuBkicts — 1500 — 1700 °C; Temneparypa novatky aedopmariii i
HaBaHTaxkeHHsaM — 1370 °C; tepmocrtilikicth — moHan 20 UWKIIB;, CTYIIHb
po3MiliHeHHsT B TemmeparypHomy iHTepBaimi 20 —1300°C — mo 13,6 %.
BorneTrpuBki O€TOHM, IO MICTAThH SK 3allOBHIOBAY BHCOKOIVIMHO3EMHHU IIaMOT,
MaroTh HAMOUTbILTY MIIHICTb.

B pe3ynpraTi mpoBeneHHMX JOCHIDKEHb BCTAHOBJICHO, IO Ha OCHOBI
TJTIMHO3EMHUCTOTO  [IEMEHTY, OTPMMAHOrO0 3  IlJaMy  BOJOOYMILIEHHS 1
BinOpakoBanoro katamizatopy [TIC4II TIpAT “CeBepomoneribke 00’ €qHAHHS
A30T” MOXHa OTpUMYyBaTU OCTOHM Ha OCHOBI PI3HUX HAIMOBHIOBAUIB 3 BUCOKUMHU
XapaKTEPUCTUKAMU MIITHOCTI, 3HUKEHOIO YSIBHOIO MOPYBATICTIO Ta MIJBUILEHUMU
TEPMOMEXAHIYHUMH BIJIACTUBOCTAMHM, IO JIO3BOJUTH BHUKOPHUCTOBYBATH iX s
BUTOTOBJICHHA SIK MOHOJITHUX (YTEpOBOK CKJIaJAHMX KOH(pIrypamii, Tak 1
ITYYHHUX BOTHETPUBKUX BUPOOIB BHCOKOTEMITEPATYPHUX arperariB
PI3HOMaHITHHUX TalTy3el MMPOMHUCIIOBOCTI.

[TpomucnoBi BuMpoOyBaHHS po3poOsieHUMX OeToHiB TmpoBenaeHi y TOB
“Cepsicuuii nieHTp “BornerpuBcepic”. BcTaHOBIEHO, 10 3a €KCIUTyaTallitHUMHI
MOKa3HUKaMHU OCTOHHI 3pa3Kd MOYKHO PEKOMEHIyBaTH IS CTBOPECHHS CKIJIQIHUX

MOHOITHUX (YTEPOBOK 3 TemmepaTryporo ekcruryaramii o 1600 °C. Haykosi
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ABSTRACT

Levadna S.V. Cobalt-containing alumina cement based on waste from the
chemical industry. — Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 161 — Chemical technologies and engineering (16 —
Chemical and bioengineering). — National Technical University "Kharkiv
Polytechnic Institute”, Ministry of Education and Science of Ukraine, Kharkiv,
2021.

Object of research is the regularities of the processes of clinker phase
formation of alumina cement based on cobalt-molybdenum-containing waste in the
system CaO — CoO — Al 03 — MoOs.

Subject of research - features of synthesis of alumina cements on the basis
of compositions of system CaO — CoO — Al,O; — MoO; with use of cobalt-
molybdenum-containing waste for reception of refractory materials with a complex
of the set properties.

The dissertation is devoted to the solution of the scientific and practical
problem - development of concrete compositions on the basis of the received
aluminous cements with high operational characteristics on the basis of the system
CaO - CoO - Al;,03 — MoOs.

The introduction substantiates the relevance of the dissertation topic,
indicates the connection 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 applicant, approbation of research results
and their coverage in publications. Information on the structure and scope of the
dissertation is given.

The first section is devoted to the analysis of scientific and patent literature
on the production of new types and compositions of refractory cements and

concretes based on them, which have high strength, fire resistance, durability,



possibility of operation in high temperatures and variable temperatures. Such
developments must be carried out in conditions of depletion or insufficiency of
quality raw materials.

The use of such wastes and by-products of various industries is one of the
areas of development of binder technology.

To obtain aluminous cements, it is possible to replace the aluminum-
containing component with similar waste catalyst carriers used in the chemical
industry for the purification of exhaust gases and various hydrocarbons and
containing more than 70 wt. % Al,Os.

However, such wastes contain cobalt and molybdenum oxides. The
probability of formation of cobalt and molybdenum compounds during heat
treatment of such wastes in order to obtain alumina cements, as well as the
coexistence or interaction of such compounds with calcium aluminates necessitate
consideration of a four-component oxide system CaO — CoO — Al,O; — MoOs,
which is present which causes difficulties in creating new types of aluminous
cements on the basis of chemical waste. This determined the direction of scientific
research of the dissertation: conducting theoretical and experimental studies of the
structure of the system CaO — CoO — Al,O3 — M0oO;s in the field of subsolidus and
the development of refractory cements based on its compositions.

The second section presents the characteristics of raw materials,
substantiates the possibility of using waste in the technology of binders; the choice
of methods of experimental researches is defined, the description of the calculation
methods used in the dissertation is given.

To study the four-component system CaO — CoO — Al,O; — MoOQs, the use of
a set of modern methods of analysis of multicomponent systems is proposed:
thermodynamic, physicochemical, geometro-topological.

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

sequential grinding, mixing and firing of raw mixtures.



The completeness of the synthesis of compounds was controlled by X-ray
phase analysis and chemical analysis in the absence of free calcium oxide.

Studies of the microscopic composition of hydration products and the
obtained materials were performed using the petrographic method of analysis
(polarization microscope MIN - 8) and electron microscopy (JSM-840 scanning
microscope).

Thermogravimetric method of analysis of raw materials was performed on a
derivative Q - 1500 D system F. Paulik - J. Paulik - L. Erdey.

Physico-mechanical tests of cement were carried out according to the
method of small samples MI Strelkova, and the optimal compositions of cements
were tested according to current standards for the relevant materials.

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

Mathematical data processing for the construction of "composition-property"
diagrams in order to optimize the composition of cements and fractional
composition of the aggregate was carried out using the method of simple-lattice
planning of the experiment using Office Excel and Triangle 1.0.

Physico-mechanical and technical characteristics of the developed materials
were determined in accordance with standard methods of research of refractory
binders.

The third section presents the results of theoretical and experimental studies
of the subsolidus structure of ternary systems CaO — CoO — MoQs;, CaO — Al,O5 —
MoOs, CoO — Al,O3 — MoO; and the four-component system CaO — CoO — Al,O3
— MoO; in the subsolidus region. The thermodynamic constants of binary
CoAl;O4, CoM0O, and the three-component compound CazCoAl,O19, which are
absent in the reference literature, are calculated and the database of thermodynamic

data necessary for determining the probability of solid-phase reactions with the



participation of a system containing calcium and cobalt aluminates and
molybdates.

Thermodynamic calculations of the probability of formation of the ternary
compound CazCoAl4Oy in the system CaO — CoO — Al,O3 are carried out.

The structure of the CaO — CoO — Al,O3 ternary system in the subsolidus
region in the presence and absence of the CasCoAl,01 ternary compound has been
clarified. It was found that the system in the presence of a triple connection is
divided into 9 elementary triangles. The analysis of the system was carried out and
it was revealed that the optimal triangle from the point of view of obtaining
alumina cement is the CaAl,O, — CaAl,O; — CoAl,O, triangle, which contains
phases with significant probabilities of existence and high melting points. The
structure of the three-component systems CaO — CoO — MoQOs;, CoO — Al,05 —
MoO;, CaO — Al,O3 — MoOs3 has been studied for the first time and it has been
established that the molybdenum compounds CaMoO, and CoMoQO, have the
highest thermodynamic stability, the coexistence of which with refractory cobalt
spinel and hydraulically active calcium alumina cements based on chemical
industry waste.

The subsolidus structure of the four — component system CaO — CoO —
Al,0; — MoOs, which is divided into 16 elementary tetrahedra in the subsolidus
region, is determined. To study the relationship of elementary tetrahedra, a
topological graph is constructed. The geometro-topological characteristics of the
system are given and it is established that the elementary tetrahedron CaAl,0,4 —
CaAl,O7 — CoM0oO,4 — CoAlL,O4 will be of interest for obtaining high strength
binder. This tetrahedron contains hydraulically active phases of alumina cement
and refractory cobalt spinel, which allows to develop on the basis of its
compositions compositions of modified alumina cements by resource-saving
technology. and the increased degree of asymmetry of special receptions and

accuracy of dosing of initial components.



Calculated on the basis of approximation of experimental data of melting
temperature and eutectic compositions for binary and ternary and four-component
sections in the system CaO — CoO — Al,0; — MoQOs. It was found that the most
optimal for the production of refractory binders is the composition of the triple
cross section CaAl,04 — CoAl,O4 — CaAl,O7 (with a melting point of eutectic 1497
°C), because it contains compounds with high melting points and astringent
properties. The binary sections CaAl,0,— CoAl,0, and CaAl;0; — CoAl,Qy,
which are included in the specified triple section, also have high eutectic
temperatures (1544 °C and 1676 °C, respectively). The four-component eutectic in
the cross section CaAl,O, — CaAl,0; — CoMo0O,4 — CoAl,Oy is shifted to the edge
CaAl, 0, — CoMo0Q, and is 1147 °C. The eutectic located on the edge of CaAl,O7 —
CoAl;,O4 (1676 °C) has the highest temperature. Thus, to obtain a refractory
unformed material based on calcium cobalt aluminate cement, it is necessary to
adjust the phase composition of the cement in the direction of a higher content of
CoAl,O4. In this case, with a constant amount of CaAl,O, and CaAl,Oy, it is
necessary to reduce the content of the CoMoO, phase to increase the total
temperature of the melt.

The fourth section presents the results of the development of the technology
of obtaining alumina cements on the basis of the compositions of the four -
component system CaO — CoO — Al,O; — MoOj3 with the use of chemical industry
wastes.

Using a set of physicochemical methods of analysis, a study of spent
catalysts and wastewater treatment PJSC "Severodonetsk Association Nitrogen"
and found that they can be used for the synthesis of experimental alumina cement
as a source of aluminum and calcium-containing components due to Al,O3; content
up to 87 wt. % in the composition of spent catalyst carriers.

A number of alumina cement compositions have been synthesized, the
compositions of which have been optimized using the simplex-lattice method of

experimental planning. According to the results of calculations, the optimal



compositions of calcium cobalt-containing cements with the content, wt. %:
CaAl,0O4 — 25 — 55, CaAl;O; — 15 — 35; CoAl,O4 — 25 — 45.

According to the results of physical and mechanical tests of the developed
alumina cements, it is established that they belong to hydraulic binders with a
water-cement ratio of 0.20 — 0.23; are fast-curing (compressive strength at the age
of 1 day of hardening is 18 — 46 MPa), high-strength (compressive strength at the
age of 28 days of hardening is 29.0 — 63.0 MPa) hydraulic materials with a melting
point above 1600 °C.

According to the results of the studies, the optimal composition was chosen,
which contains CaAl,04 — 30 mac. %, CaAl;O7 — 20 mac. %; CoAl,O4 — 50 mac. %.
Studies of physical and mechanical properties of cement of optimal composition
were carried out in accordance with state standards. The main physical and
mechanical properties of the developed cement: uniformity of change of volume -
uniform; fineness of grinding - full passage through a sieve Ne 006; normal density
- 0.2; hardening time: beginning — 1 hour 10 minutes; end — 5 hours 40 minutes;
compressive strength at the age of 28 days — 63 MPa. The main technical property
of the developed cement compositions is fire resistance, which is 1630 °C.

The processes of phase formation in raw mixtures have been investigated. It
was found that in raw mixtures, the interaction of calcium oxide (from water
treatment sludge) with aluminum and cobalt oxides (from catalyst waste) begins to
proceed at a noticeable rate already at 900 °C and completely ends at temperatures
of 1300 — 1350 °C with the formation of a given phase composition.

For all temperature values, the dependence is close to linear and does not
start from the origin, which indicates that in the initial period of the process the
speed is limited by the chemical interaction of raw components at the interface and
only after the formation of a solid layer. products of the phase reaction.

X-ray phase studies of clinkers fired at different temperatures and holding
times proved that as a result of the interaction of the raw materials of the mixture

in the material synthesizes a mixture of hydraulically active calcium mono- and



dialuminate and refractory cobalt spinel, which provides the resulting complex
high strength, accelerated curing time, fire resistance. The absence of phases
corresponding to molybdenum compounds is explained by the fact that they are
part of hydraulically active aluminates as limited solid solutions, deforming the
crystal lattice and increasing hydraulic activity.

Research has been carried out on the hydration products of the developed
alumina cement. According to the results of X-ray structural analysis, it was found
that the main crystalline phases of alumina cement are calcium hydroaluminates of
composition C,AHsg, aluminum hydroxide, hydrocarboaluminate, as well as non-
hydrated compounds of calcium aluminate CaAl4O; and cobalt structure CoAl,Oy,
which provide further recrystallization and hardening of the cement structure.

Microscopic studies of the chipping structure of hydrated aluminous cement
showed that it is represented mainly by evenly spaced needleless colorless and
grayish-brown crystals with hexagonal outlines and weak birefringence, which are
identified as hydroaluminates of Ca composition of C;AHg (10 35 00. %). Large
non-hydrated blue crystals of cobalt spinel are available. With increasing hydration
time, the total pore space of the cement stone decreases, which indicates a
compaction of the structure and an increase in the overall strength of the material.

Thus, it was found that the high strength of cement is due to the presence of
calcium hydroaluminates such as C,AHg, aluminum hydroxide, as well as
unhydrated grains of calcium aluminates, which will contribute to further long-
term strength. It is this coexistence of phases in both the crystalline and colloidal
states provide high strength cement stone.

The developed cement is compared with traditional industrial cements of the
«Gorkal» brand made in Poland. The obtained results indicate that the developed
cement is fast-curing, fast-curing with high strength and fire resistance, which
indicates its competitiveness in the market of binders.

The fifth section presents the results of obtaining and experimental research

of refractory concretes based on the developed alumina cement.



To obtain high-strength refractory concrete with improved performance, the
selection of a rational particle size distribution of the aggregate taking into account
the strength, density and homogeneity.

Alumina cement of optimal composition is used as a binder. High-alumina
chamotte was used as a filler. Based on the results of calculations and
mathematical processing of experiments, regression equations were obtained and
simplex diagrams "composition - strength” and "composition - imaginary density"
were constructed.

It has been established that to obtain concrete with increased strength,
density and homogeneity, the following ratio of aggregate fractions is required. %
(the ratio of cement: aggregate is 1: 3): (1.25 — 0.63) - 10° m — 10 — 35; (0.63 —
0.315) - 10° m — 15 — 45; (0.315 - 0.15) - 10°* m — 30 — 65.

According to the results of research it is established that on the basis of the
developed aluminous cement it is possible to receive concretes with high
durability. High-alumina fireclay produced by PJSC Druzhkivsky Refractory Plant
was used as a filler. The developed compositions of concrete are characterized by
the following indicators: compressive strength of 52 — 65 MPa; fire resistance —
1500 — 1700 °C; the temperature of the beginning of deformation under load —
1370 °C; heat resistance — more than 20 cycles; the degree of hardening in the
temperature range of 20 — 1300 °C — up to 13.6 %. Refractory concretes, which
contain high-alumina fireclay as filler, have the greatest strength.

As a result of the conducted researches it is established that on the basis of
the developed aluminous cement it is possible to receive concretes on the basis of
various fillers with high durability. Electron-melted corundum, fireclay, and high-
alumina fireclay produced by PJSC Druzhkivsky Refractory Plant were used as
aggregates. Refractory concretes, which contain high-alumina fireclay as a filler,
have the greatest strength.

As a result of the research it is established that on the basis of aluminous

cement obtained from water treatment sludge and rejected catalyst GPS-4Sh CF



PJSC "Severodonetsk Association Nitrogen" it is possible to obtain concretes on
the basis of various fillers with high strength characteristics, reduced imaginary
porosity and , which will allow them to be used for the manufacture of both
monolithic linings of complex configurations and artificial refractory products in
high-temperature units of various industries.

Industrial tests of the developed concretes were carried out in LLC
Vognetryvservice Service Center. It is established that according to performance
indicators concrete samples can be recommended for creation of difficult
monolithic linings with an operating temperature to 1600 °C. 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: binder technology, aluminous cement, four-component system
CaO - CoO — Al,03 — MoQg, catalyst carrier waste, raw material mixture, phase
formation, hydration, refractory concrete.
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