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IIpoananizoBaHo OCHOBHI MeTOAW CHHTe3y NMOPOUMIKIB AJIOMOMArHe3iaJbHOI LIMiHesi, IXHi

ocodmBocTi Ta mepeBaru. Po3risHyTo Xxapakrtep ¢isuko-xiMiunoi B3aemMojii KOMIIOHEHTIB Yy
cucreMi MgO-ALO;, Qisuuni, kpucranorpapiudi xapakTepucTuKM Ta CTPYKTYPHi mapameTpu
KPHUCTAJIIYHOI rpaTKu ajdMoMarHesianbHol mmiHeni. HaBeneHo yMoBU cHHTe3y Ta 3/iilicHeHO

sIKiCHe TOPIBHSIHHSI MOKJUBOCTell MeTOMIB CHHTE3Y 3 MOIJIAAY Ha BJACTHBOCTI MOPOMIKIB HIMmi-

Hesi. [lokazaHo BIIMB Pi3HUX YMHHUKIB Ha NMOBHOTY WINiHeJeyTBOPEHHSl 3a Pi3HUX MeTOIiB

CHHTe3y IiHe i.

KurouoBi cioBa: aqoMoMartesiajbHa IMiHelb, CHHTe3 1IMNiHesi, TBepaoda30BUii cMHTE3,
30J1b-TeJIb mponec, Metoa Ilevini, mMTpaTHUii 30J1b-T€JIb CHHTE3.

Beryn

OnHMM 13 HaWBaXJIMBINIMX 3aBIaHb Cydac-
HOIO MaTepialo3HaBCTBA € OTPUMAHHS SKiCHUX
KepaMiYHHUX MaTepiaiiB IEBHOTO CKIAay, CTPYKTYpH
Ta 3 BUCOKMMH (PI3MKO-MEXaHIYHHMH W EeKCILTyaTa-
HiliHuMu BiacTuBOCTAMHU. Cepell TakuxX MaTepiajib
ocoOMBe Micle 3aliMa€e IIMiHENbHA KepaMika Ha
ocHoBi okcuaiB cucremu MgO-AlO;. Taky kepa-
MIKY IIHPOKO 3aCTOCOBYIOTh Yy PI3HUX Taily3sx
MIPOMUCIIOBOCTI: JUIsi BUPOOHMIITBA BHUCOKOSKICHUX
BOTHETPUBKHUX BHUPOOIB uis (yTepyBaHHs Iedei
Y4OpHOT 1 KOJILOPOBOT MeTanmyprii [1-5], y XiMiuHOMY
BUPOOHUITBI /ISl OTPUMAHHS CTIMKHX KepaMidHHX
¢ap6 Ta MirMeHTiB MHUPOKOT KOIBLOPOBOI rami [6, 7],
pamioTexHill, SACpPHIH eHepreTUIll K IHepTHY MaT-
pHIIIO B siAepHOMY TanuBi [6, 8, 9] Tomo. Kepamika 3
aIIOMOMAarHe3iaIbHOI IIMiHeNi 3aTpedyBaHa y TaKuX
BHUCOKOTEXHOIIOTIYHUX TaNy3sX, K ONTHYHE MpHia-
no0yyBaHHS, HAHO(OTOHIKA, aePOKOCMIYHA 1 BIHCh-
KOBa TEXHIKa, CHCTEMHU OC3IeKH, 1 € JigepoM Ha
PUHKY HOBHUX 1 MEpPCHNEKTUBHUX OpoHEeMaTtepiaiiB
(merani 3aco0iB iHIUBiIyanbHOrO OpPOHE3aXHUCTY,
BikHa 0aHKIB, odicie Tomo) [10—16]. Take mupoke
3aCTOCYBaHHS alllOMOMAarHe3ialbHOlI KepaMiKd I10-
B’S13aHO 13 HHU3KOI BHHATKOBHX BIIACTHBOCTEH, a
caMme i30TPOIHICTIO CTPYKTYpH, ONTHYHOIO MPO30-
piCTIO B IIMPOKOMY CIIEKTPaJIBHOMY Jliarma3oHi Bif
ynbTpadioneroBoi 1o iHppadyepBoHOi obsacTi
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CIIEKTPY, BHCOKMMHU MIIHICTIO, TBEPJICTIO, TEPMO-
CTIHKICTIO, BOTHETPHBKICTIO, CTIMKICTIO 10 BIUIUBY
arpecuBHUX CEPEIOBUIN, HU3BKOIO YAApHOIO B’s3-
KiCTIO.

Kepamiky Ha OCHOBI aidioMomarsesianbHOT
IIMiHENI OTPUMYIOTh TIEPEBAXKHO Y TPU CTaJil: CHH-
Te3 MOpPOIIKY MimiHedi, GopMmyBaHHS HamiBdpao-
pHUKaTy 1 CHiKaHHS Yy BiJIHOBHOMY CEpeIOBHIII abo
BaKyyMi. 3aBISIKM [[bOMY HalBaKIIMBIIINM €TaTrlOM €
OTPUMaHHS HaHOAMCIIEpCHHUX mopomkiB MgALLO,,
BiJI CKJIaJTy, CTPYKTYPH 1 IUCIIEPCHOCTI SIKOr'0 3HAYHOIO
MIPOIO 3aJIeKaTh BJIACTHBOCTI KIiHIIEBOTO IIPOAYKTY.
He3Bakaroun Ha 3Ha4YHI YCHIXH IIOAO CIIOCOOIB
CHUHTE3Y SIKICHOTO MOPOIIKY allfoMOMAarHe3iajdbHoi
IIITIHEN], TOIIYK HaHONTHMAJLHIIIIOT0 METOAY HOoro
OTpUMAaHHS 3a pe3ylbTaTaMd MOPIBHSIHHS MOpPQO-
JIOTIYHUX 1 CTPYKTYPHHX BJIACTHBOCTEH € aKTyajb-
HUM 3aBJIaHHSIM, III0 JACTh 3MOT'Y PO3B’sI3aTH MPOO-
JIeMy OTPUMAaHHS BHCOKOSKICHMX MOHOJMCIIEPCHUX
HAHOTOPOIIIKIB.

AHaJi3 JiTepaTypHUX JaHUX
Jo rpynu mmiHeled HalexaTh CIIONYKH
KyOI4HOI CHCTeMH i3 3arajbHoi0 Gopmyinow AB,Oy
a6o A(AB)O,, ne A — Mg*", Fe*", inoxi Mn*", Be*™,
Ni**, Co*", Zn*, a B — Al’", F&’', Cr’", V¥, Mn™",
Ti*". Marepianu 3i cTpykTyporo mmmiHeneil Bomo-
0T 00’€MHOI0 €IEMEHTapHOK KOMIPKOIO, IO
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MicTuTh 8 atomiB Tuy A, 16 atomiB Tury B i 32 aTo-
Mu Oxcureny. ITo3uri atomiB OKCHUTeHY TepeBaX-
HO € cTaOiIbHMMHM, a MO3MIil KaTioHiB A 1 B 3aie-
)KaTh Bl 0araThOX YMHHMKIB, IO MPH3BOIUTH [0
ICTOTHUX BIIMIHHOCTEH Yy BIIACTHBOCTSIX CIHONYK i3
TaKAUM CTPYKTYpHUM TUTIOM. LlM 1 MOsICHIOETBCS
3MATHICTh CIIONYK Ii€l TPYNH YTBOPIOBATH TBEP/i
PO3YMHH 3aMIIllCHHsI, B SKHX HE3HAYHa KUIBKICTh
OZIHOTO 200 0OM/IBOX KATiOHIB 3aMIIIAETHCS THIIUMH
y BY3JIaX KpUCTaJIuyHOI TpaTku 0e3 iCTOTHHX 3MiH il
napamerpiB. Cepes BENHMKOI IPyNy MTYYHUX IITTiHE-
Jeld HaHTIOMIMPEHIIOoK € OmaropoaHa abo amoMo-
MaraesianpHa mmiHens MgAlLO, (MgO-AlLOs), sika
teoperuHo wmictuth ALO; — 71,67 % (mac.) 1
MgO - 28,33 % (mac.).

Bigomocti mpo xapakrtep (¢i3uKo-XiMidHOT
B3a€EMOJIli KOMIIOHEGHTIB y CKJIAJHUX CHCTEMax Mae€
BaYIMBE 3HAUCHHS Ui OTPUMaHHS MaTepiaiiB i
BHpPOOIB 13 3aJlaHUMHU BiacTuBOCTAMU. Da3oBa Iia-
rpamMa crany cucremu MgO-ALO; (puc. 1) cinyrye
TEOPETUYHOK OCHOBOIO IS IIITIHEIBBMICHUX Mate-
pianiB [17]. ¥V cucTeMi yTBOPIOEThCS €MHA XiMiyHA
CTIONIyKa — ajroMoMartesiasnipHa miminens MgAlL Oy,
0 TUIABUTBCS KOHTPYEHTHO 3a TEMIIepaTypH
2135 °C. V cucremi icCHYIOTb JIBi €BTEKTHKH: 32 TEM-
neparypu 1925 °C (98 % (mac.)ALO; — 2 % (mac.)
MgO) i3a 2030 °C (55 % (mac.)ALO; — 45 % (Mac.)
MgO). Bci iHmi wmarepianu, sIKi OTPUMYIOTh Ha
OCHOBI MarHito OKCHIYy 1 TJMHO3EMY, € TBEPIUMH
pPO3UMHAMHU 1 BIAPI3HAIOTHCA OAMH BiJ OJHOTO 3a
CBOIMH (BI3UYHUMH BJIACTUBOCTSIMH, OJHAK iX HAa3U-
BalOTh IIMTIHEILHUME MaTepianamu [2, 18].
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Puc. 1. @azosa diacpama cucmemu

MgO-A1,0;[17]
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Jnst  amoMoMarHe3iaJibHOi IIMiHENi Xapak-
TepHa BHpaKCHa KPUCTANYHA iHIAMBIAyallbHICTH i3
YTBOPEHHSIM KpPHUCTalliB  OKTaeqpu4Hol ¢dopMu i
neiiHuKiB o {111} 1 {211}. 3a cBOEIO CTPYKTYpOIO
MiHepaJl € TPUKIAJIOM HOpMalbHOi (abo mpsMoi)
mmineni. Ii emeMeHTapHa KoMipka CKIafaeThes 3 8
¢dbopmyabHuXx omuuuilek AB,O4 (MgAl,O4) 1 MiCTUTH
32 ionn Okcureny (puc. 2). CTpykTyporo (GopmyIb-
HUX OJIMHMIIb € TpaHeleHTpoBaHul Ky0. lonn Okcu-
TeHy YTBOPIOIOTh 64 TerpaeapuuHi i 32 oKTaeApUYHi
MycTOTH. Y MBOMY pa3i y CTPYKTYpi LIITiHENi 3aroB-
HEHVMH € TiTbKU § TeTpacApuiHuX Ta 16 OKTaeIpHIHNX
no3uiid. BimbHI He 3aiiHATI MO3MIT MOXYTh OyTH
3allOBHEHI Yy MeXaxX CTaOUIBHOCTI CTPYKTypH 32
BUCOKHMX TemriepaTyp 1 Tuckis [19, 20].

Puc. 2. Kpucmaniuna cmpyxmypa wnineni AB,O,[21]
O — Oxcucen

® _ B-amomu 6 OKMAeOPUYHUX NOZUYISX

® _ A-amomu 6 mempaeOpuuHuUX NO3UYIAX

Tabnuys 1

®@iznyHi Ta KpucTanorpagivHi
XapaKTePUCTUKM IITiHeJTi

IToxa3Huk
Cnonyka MgAl,O,
CTpyKTypHa KOMipKa MggAl503,
CtpykTypa HOpMaJIbHa
CuHroHis KyOiuHa
IIpocTopoBa rpyna Fd3m
[Tapamerpu komipku, a, HM [22] 0,86
Temneparypa nnaBnenss, °C 2135
T'ycTuHa, KI/M 3500-3700
TBepmicTh 3a mikagoro Mooca 8
Mixkporsepaictb, MIla 14000-15000
IToka3Huk 3a0MiIeHHs, N, 1,718-1,750
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®i3nynHi Ta KpucramorpadiuHi XapakTepuc-
THKH WIMiHET HaBeJeHOo y Tabn. 1, a cTpyKTypHi
napameTpu KpucTaniuHoi rpatku mmineni [[CDD] y
Tabm. 2.

Tabruys 2

CTpyKTYpHI napameTpu
KpucTadiyHoi rpaTku mminesi [ICDD]

IMapamerpu 06’ em
PDF eJ'IEMeI-.ITapHO'I' eHEMeHTapHOT
KOMIipKH, KOMipKH
a, A v, A

21-1152 8,0831 528,1
73-1959 8,0500 521,7
74-1133 8,0850 528,5
75-711 8,1740 546,1
75-1797 8,0948 5304
75-1798 8,1336 538,1
75-1799 8,1251 536,4
75-1800 8,1311 537,6
75-1802 8,1860 548,5
75-1803 8,2065 552,7
84-377 8,0806 527,6

Cnocobu ompumanns nopouxy MgAlLO,. Tpu-
POIHUX POMOBUII IITIHEN, IPUAATHUX JUIsI BUPOO-
HUITBA KepaMiuyHMX MaTepialliB, 30KpeMa BOTHeE-
TPHUBKHX, a0pa3uBHUX TOMIO, HE iCHYE. Y HE3HAUYHUX
KUTBKOCTSIX IIIMIHENh MOXKE TPAIIIATHCS Y MICISX
B3a€EMOJIii MarMaTHYHUX 1 0CaIOBUX IOPi Y BUIIISII
OKpeMuX KpucramiB [22]. YV 3B’SA3Kky 3 LUM, Mpo-
TATOM OCTaHHIX JCCATHIITH PO3BHBAJIMCS Pi3HI TeX-
HOJIOT1i OTPUMAaHHS TOPOIIKIB aJFOMOMarHe3iaTbHOL
mimiHeni. Y JrirepaTypi OmMcaHO pi3HI METOIH, KO-
KEH 3 KX Ma€ HU3KY CBOiX IepeBar i HEJOMNIKIB,
OOMEKEHHS 1 MOXKIMBOCTI yIOCKOHAICHHS 3aJICKHO
Bil MeTH poOOTH 1 3a7ad (OpPMYBaHHS TOTrO UM
inmoro Mmarepiany. IX MokHa HOZIIMTHM 3a HpUH-
IUIIOM peaKiii MK KOMIIOHGHTaMH, IO BimOy-
BaIOTKCS: y TBEPAIH, PiKii i ra3oBiil daszi [23, 24].

Y mpoOMHCIOBOCTI MIMiHENs OTPUMYIOTH 32
3arallbHONPUIHITOI0 METOJHMKOIO, & caMe CHHTE30M
13 TEXHIYHMX MaTepialiB: TIMHO3€MY 1 KaJlbIIUHO-
BaHoro MgO. 3aBigKku 1IbOMY BUKOPHUCTOBYIOTH J1Ba
crocoOu: criikaHHA 1 mwiaBieHHs cymimi MgO i ALOs.
Cxyiagy i BMICT OCHOBHHMX KOMITOHEHTIB CHPOBHH-
HUX MaTepiajiiB HaBeaeHo y tadiu. 3 [2, 17].

Cnixanns. B 0CHOBY IIbOT'O METOAY IOKJIa-
neHo B3aemuy audysito iomie Mg® i AI’" 3a
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CXEMOI0, 3ampormoHoBaHol Baruepom [2, 25], 3a
peakiiiero
MgO + Al,O3 —» MgALO,.

TBepnodazoBuii nporiec HITiHENEYTBOPEHHS 32
IIIEI0 CXEMOI0 € T'€TEPOrCHHOI0 PEAKIIIEI, sKa BilOy-
Ba€ThCs 1 Ha TOBepXHi po3aity daz MgO — MgAL Oy, 1
Ha moBepxHi posainy daz AlLO; — MgALO, TOOTO
BKIIIOYAE Mirpauio kationis A’ i Mg”" no rpanmmsx
¢da3. BHacaimok mepeHeceHHs KaTIOHIB Y B3a€MHO-
MPOTUIISKHUX HaIpsSMKax i 0OMiHYy MiCIIsIMH Y TeTpa-
enpax TIpaTKd YTBOPIOETHCS IIMiHENb. [lomanbimii
MpoIeC JMITYEThCS TUQPY3IEI0 BHXITHUX KOMITOHCH-
TiB. [Ipy 1IbOMY KTBKICHE CITIBBIJHOIICHHS MTPOYKTIB
peaxiii mo oOHIBI CTOPOHH pPO3ILTY (a3 CTAaHOBUTH
1 : 3 1 BigmoBizae craHy eNeKTPOHEHTPATBHOCTI KpHC-
TamiuHOi rpaTku. Bemuka pyXmmBicTh KaTiomis Mg
CIIpUsi€ IHTEHCHBHINIOMY BIPOBA/DKEHHIO Y TPaTKy
ALO; i3 3amimennsam kationis AP’ i 3 Binnosimuum
YTBOPEHHSIM HITIHEIEBOI CTPYKTYPH.

TBepaoda3oBuil cHHTE3 INIIHENI CYMPOBO-
JDKYEThCS JIBOMA TPOTHIISKHUMH TPOIECaMH: TPO-
1eCoM crikaHHs, nepeBakHo AlOs, mig 4ac skoro
BiIOYBA€ThCS YIIUIBHEHHS 13 3CIAaHHSIM, 1 TPOI[ECOM
IIMIHENIEYTBOPEHHS, M0 CYIPOBOIKYETHCS PO3IIH-
pEeHHAM i3 po3puxiieHHsaM. Ha ¢popMyBaHHs KiHIIEeBOT
CTPYKTYpPH CyMillleli BIUIMBAa€ IOPIBHSIHO HHU3bKa
pO3UHMHHICTh Ha TpaHulli posniny MgO-MgAl,O,
MOPIBHSAHO 3 PO3YMHHICTIO HA TPaHMINl PO3ILILY
AlLO3—MgAlL Oy, 1 pizauns TKIIP MgO-MgAlLO, i
AlLO;-MgAlLO,4 [2].

[ToBHOTa MIMIHEICYTBOPEHHS NPH TBepaoda-
30BOMY CHHTE31 3aJIGKHUTh BiJl HU3KU YMHHUKIB:

— aKTHBHOCTI KOMIIOHEHTIB, IO PearyloTh MixK
cobor. 3a manumu [2,26] MgO nmo ckiamy mac
JOIITBHO BBOAWTH B AKTHBHOMY CTaHIi, HAIPHUKJIA[
4yepe3 KaycTWYHHUA MarHe3uT, a Al,O; — y-dopmi.
Tomi cuaTes mmiHem B cymimn MgO 1 y-ALOs
nounHaeTbes 3a 700 °C, a B cymimi MgO 1 a-Al,O3
3a 920 °C. [ng migBUINEHHS aKTHMBHOCTI BUXITHHX
KOMITOHEHTIB aBTOpH [18, 27] MpOMoOHYIOTh OKCHIH
MEePEBECTH B TiApaTH, MO MiJ Yac BHIATIOBAHHS
PO3KJIAIAIOTECS 3 BUIUICHHSAM OKCHIIB, 5Ki, CBOEIO
Yeproro, 3yMOBIIIOIOTh BUCOKY aKTHBHICTh, a, BIAIO-
BiJIHO, 1 yTBOPEHHS IITIHEN1 32 HUKIMX TeMIIepaTyp;

— IUCTIEPCHOCTI BUXITHUX KOMIIOHEHTIB. Biso-
MO, III0 30UIBIICHHS IUCIIEPCHOCTI TBepaOi (as3u
MPUIIBUALIYE MIBUAKICTH TBEPI0(a30BOrO CHHTE3Y.
B 3B’s3KYy 3 IIUM, pEKOMEHAYETHCS MOJIOTH TEXHIYHUI
TIIMHO3eM 1 TepuKia3 y TpyOHuX abo BiOpariiHux
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MJIMHAX J10 3anuiiky Ha cuTi Ne 006 He Oinmblie Hix
0,5 % (mac.). Takuii momen 3abe3nedye OTPUMaHHS
MPOAYKTY 3 PO3MIpOM 3epeH MeHine HibK 10 MkM y
KitbKocTi 85-95 %. [Ipu 11boMy TemrepaTypa CUHTE-
3y mmineni cranoButh 1300-1500 °C, a cam mporiec
IMiHEJICYTBOPEHHS BIIOYBAETHCS HA TIOBEPXHI 3epeH
KOPYHIIy 3 YTBOPCHHSM pEaKI[IMHUX OOOJIOHOK, SIKI
3TOJIOM YIIUTGHSIFOTHCSI 2% JI0 TIOBHOT'O TTEPETBOPEHHS
3epeH TJMHO3eMY B IIMIHEAb 31 30UIBIICHHAM iX
BUXIIHOTrO 00’ €My [2, 3];

— HasIBHOCTI J100aBOK-MiHepali3aTopiB, SKi
MPHUIIBH/IIYIOTH 1 TPOLIEC HIMTIHEYTBOPEHHS, 1 Mpo-
nec i cnikanHg. EdexkruBHuMmu nodapkamu € B,Os
(mo 2 % (mac.)), B4C (mo 3 % (mac.)), BeO (mo 1,3 %
(mac.)), TiO; (mo 0,5 % (mac.)). Tak, BBeneHHS O0p-
HOT'O aHTIIPUTY CIIPHsIE YTBOPEHHIO MIIMIHEN BXE 32
1300 °C na 90 %.

Ha mincraBi BHUIGHABEACHOIO IPHHIIUIIOBA
cxema OTpUMaHHS IIITiHeNi TBepa0(ha30BHM CHHTE30M
OXOILTIOE TaKi OCHOBHI TEXHOIOT'14Hi oreparii [2, 3]:

— TOHKE TOPIOHEHHS BUXITHUX KOMITOHEHTIB.
[Ipu npOMy OTpHMaHa CyMilll TOBHHHA MICTHTH HE
outpme HiK 20 % dpakmii 3 po3MipoM YacTHHOK
oimpme ik 0,063 Mm;

— 3MINIYBaHHS TOAPIOHEHWX KOMITIOHEHTIB 3
OJIHOYACHHUM BBEIEHHSAM THUMYacOBOI TE€XHOIOITYHOI
3B’s13kH, Harpukiaa JICT (Bomoricte mmXTH 5—-6 %);

— TpecyBaHHsI OpPHKETy 3 TOTOBOI HIMXTH 32
MUTOMOTO TUCKY npecyBaHHs 60—70 MIla;

— BUnan Opukery 3a Temrieparypu 1650 °C 3 Bu-
TPUMKOIO 32 KiHIIEBOT TEMITEpaTypH MPHOIH3HO § TO/I.

3a manumu [2, 28] 3a TBepmo(}a3oBOro CHH-
Te3y aJTrOMOMarHe3iaJibHOI INIIHEN 3 TEeXHIKO-eKO-
HOMIYHUX MIpKyBaHb JOIUIBHO TEXHIYHUH TJIMHO-
3€M y IIMXTI 3aMIHATH Ha BUCOKOAUCIIEPCHI MPOIYK-
TH KaJblMHAIII TJIMHO3eMY, IO YTBOPIOIOTHCS B
cucreMi acmipalii 0o0epTOBUX TeUel TITMHO3EMHOTO
BHPOOHHIITBA. BKa3zaHi MPOAyKTH 3 PO3MIpOM dYac-
TuHOK AlyO; Menmie Hik 10 MKM He THOTpeOYIOTH
JI0AIaTKOBOTO TO/piOHEHHS. Y IbOMY pasi Temrie-
paTypa CUHTEe3y IIIiHeTi 3HUKYEThCS 3 OAHOYACHUM
3pOCTaHHSIM TIOBHOTH CHHTE3y MaTepiaiy.

Tabauys 3

XapakTepucTHKa THIIOBUX IINiHEILHUX MaTepiaiB [2]

ITokazHuk CrieueHa IIiHETb ‘ [TaByieHa mImiHENb
Bwmict okcuais, %(Mac.):
Al,O4 64-70 75-77 89-90 68-70
MgO 29-35 22-24 9-10 21-29
CaO <0,40 0,20-0,50 <0,25 0,20-1,00
Fe,0; 0,10-1,00 0,15 <0,10 0,20-0,70
Si0, <0,15 0,10-0,15 <0,10 0,20-0,70
Na,O + K,0 0,10-0,20 - <0,17 0,10-0,70
[CTMHHA TYCTHHA IITiHeNi, KI/M’ 3680 3570-3580
Hacumsa rycTHHa 3epeH, KI/M 3100-3270 3250-3300 3300 3400-3500
Bigkpura nopucticts, % 1,3-5,5 1,5-2,0 2,0 0-1,0
Po3mip kpucraiiB, MKkM 25-40 70 70 1200-4000
OcHoBHa MiHepasibHa (asza TIHETE, I HEb TIHHETE, T HENb, TIEPUKIa3
MepHKIIa3 KOPYHIT
MgO MgAl,O, A1,0,
. 3Mg" —
lonna mudysis - 2gA 3
4A1,04
Peaxiis Ha rpaHuisx das iyl\%lgﬂJrzAﬁ . - 4Alzi
+3Mg
Tpoaykr MgAl,O, 3MgAlL O,

Cxema meepooghazoeozo npoyecy wnineieymeopenns 3a Baznepom
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Cunmes memooom niaeneHHs 30IUCHIOETHCS B
SNIEKTPOIyTOBUX T1e4ax TBOMA CIIOCOOaAMH:

— Ha 610K PeaNi3yeThCs 3a CXEMOIO IJIABJICHHS
MgO B enekTponyroBux mnedax. [lmaBneHHst 3mikic-
HIOETHCS TIOCTYIOBO 3 MOBUIBHUM IMiJHIMaHHIM
ENEKTPO/IIB 3 PO3TOIY B M€Yl Y Mipy pO3IJIaBICHHS
Matepiany. HemomikoM mporo cmocoly € Te, IO
HaIUTaBJICH] MIMIHEIbHI OJIOKM HEOIHOPIIHI 3a Tyc-
THHOIO, MaKpO- 1 MIKPOCTPYKTYpPOIO;

— Ha 371u6 Peai3yeThCsl TBOMA BapiaHTaMH. 3a
MEpIINM BUXiJHI KOMITOHEHTH IIUXTH MEPUKIa30BUH
MOPOIIOK 1 TEXHIYHMHA TJIMHO3EM PETEIbHO Iepe-
MIIIYIOTh Y 3MilllyBayi i MOAAIOTh y MPUIMAaTbHHN
OyHKep eJIeKTPOYroBOi Medi, 3 SKOro 32 TOMOMOT 00
7103aTOpa IIUXTa MOJAETHCS Y 30HY TUIABJICHHS Meyi.
Jnst 3anmo0iraHHsl MHJIOBUHOCY HIMXTY TOMEPEAHBO
IPaHyIolTh a00 OpukeryroTh. [licis miaBiIcHHS
IIMXTH PO3TOIN 3JIMBAIOTh y V-momiOHy (dopmy, Ha
CTIHKM SIKOI IONepeHbO BTPaMOOBYIOTH IIap IIITi-
Heml ToBmHOK 200-250 mMm. ITiciad 0XO0n0mKEHHS
BIUITMBKA JIETKO BHUTATYETHCS 3 (POPMH IS MOAATb-
moro nepepoOieHHs. 3a APYruM BapiaHTOM BUXIiIHI
KOMITOHEHTH IOJIAI0Th Y MY okpeMo [2, 29]: crioyar-
Ky TIEpHKIIA30BHI MOPOIIOK SIK OLTBIN TYrOIUIaBKUN
KOMIIOHEHT (TemrepaTypa IutaBieHHs MgO Buiia
Hik 2800 °C), a moTiM TEXHIYHHHA TIMHO3EM SK
MEHII TYroIuIaBkuii (Temneparypa miasieHHs AL O;
npudau3Ho 2000 °C). BHacninok neperpiBaHHs po3-
tory ALO; pi3ko 3MeHIIYeTbesi HOro B’s3KicTh (i3
0,4 10 0,005 ITa-c), 1110 BPEMITI-PEIIT CIOPUSIE TOBHO-
My mepebiry peakmii mimiHeneyTBopeHHs. OTpu-
MaHHS IIIiHETl 3a JPYTUM BapiaHTOM He MoTpedye
CKJIAJIHOTO anapaTypHOro opopMIIeHHSs, ajie BUMarae
pETENBLHOr0 JOTPUMaHHS 1 BUTPUMYBAHHS TEXHOJIO-
rii MIaBIeHHs, KOHTPOJb 3a SKUM BEJEThCS 33 CTPY-
MOM 1 BHUTPATOIO €JIEKTPOSHEPTii Ha MpoIec IIIaB-
JICHHSI.

ITicist 0XOnOKEHHS BIJJIMBKM IIIIHENII I10-
NpiOHIOIOTh, PO3MENIOITh 1 KIACH(IKYIOTh IS
OTPUMAaHHSI TOPOIIKIB HEOOXiJHOTO 3EepHOBOI0O
CKIIaLy.

Onwmcani BUIE METOIU OTPUMAHHS aIOMO-
MarHesiajJibHOl IIIIHENl € SHEPrOEMHHMH Ipolleca-
MH, IO MOTPEOYIOTh TPUBAIOTO BHITATIOBAHHS 32
BHUCOKUX TEMIIEPaTyp, CKIaJHOTO JOPOroBapTICHOTO
oOJlafHaHHSA 1 HE JAl0Th MOXJIMBOCTI JIMITYBaTH
BMICT JIOMIIIIOK y KiHIIeBOMY mpoaykri [1, 30].

3onv-cenv npoyec. CyThb 30Ib-T€Nb MPOIECY
MOJISITa€ 'y Tepexo/ii TOMOTEHHUX PO3YMHIB Mpe-
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KypcOpiB y 30Ilb, a TIOTIM y Telb 332 paXxyHOK IMpo-
LIECIB TiApoi3y Ta KOHJCHCAIlll, 3 MOAAJIBIINM
CTapiHHAM Telio, SIKUH MICHs CYIIiHHS Ta TepMid-
HOrO OOpOOJIEHHS 32 TIOPIBHSHO HH3BKHX TEMIIe-
paTyp meperBoproeThes y mopomok [31-34]. 3omb-
reidb MeTop 3abe3neuye OTpUMAaHHs IMOPONIKIB 13
BHCOKOIO OJHOPIMHICTIO 1 3a XIMIYHHM, 1 TPaHyJIO-
METPHYHHUM CKJIAJIOM, 13 peryJbOBaHUM PO3IOILUIOM
YacTUHOK 3a po3mipamu [15, 35-37]. HaiiBaxiusi-
IIMMHU TIepeBaraMy I[bOTO METONy € Te, II0 Biac-
THUBOCTI 30JIIiB Ta TENiB Jal0Th MOXIIUBICTB 3aCTOCO-
BYyBaTH iX Uil OTPUMAaHHS MPOLYKTIB Y BHIJIAII
BOJIOKOH, TOPOIIKIB, IUIIBOK, Mikpochep i CHHTE3Y-
BaTH NPUHIIMIIOBO HOBI MaTepiaiu 3 pi3HHUMHU BIac-
TUBOCTSIMH 332 PaxyHOK 3MiHM HU3KH MapaMeTpiB Ha
PI3HUX CTajisIX TEXHOJOriYHOro mpomecy [31-34,
36-38].

Jlo HenoMiKiB METOy HajeXaTh: 3HA4YHA TPH-
BaJIICTh MPOLIECY, HEOOXIAHICTh TOYHOTO JOTPUMAH-
Hs MOCTIZIOBHOCTI W yMOB IPOBEICHHS MPOLECY,
3HAYHE 3CiaHHS MiJ Yac CHHEPE3UCy 1 TepMooO-
POOJICHHS, MIKIJUIMBUHA BIUIMB HA 30POB’S JIIOIMHU
OpraHiyHUX PO34UMHHHKIB [33, 34].

IcHye nmekiabKa THIIB 30Jb-TeNb MPOIECY, 110
MOJIUISIOTh 3aJIOKHO Bl BUAY BUXITHUX MaTepialis,
CepeloBHIa, MEXaHi3My TeJeyTBOPEHHS  TOIIO
[32, 33].

Lumpamnuti 301v-ceno memoo (memoo Ile-
yini). CyTh I[LOIO METOIY IOJIATAE Yy CHHTE31 HAHO-
JIMCTIEPCHUX OKCHUIHUX TIOPOIIKIB i3 BUKOPUCTAHHIM
KOMITJIEKCOYTBOPEHHS, & caMe 3JJaTHOCTI 0-TiJJpOKCO-
KapOOHOBHX KHCJIOT YTBOPIOBATH KOMIUIGKCH 13
OUTBIIICTIO KATIOHIB METaJIB 1 MPOMIKHUM OTPHMAaH-
HSIM TIONiMepHoro remto. LlutpatHuit MeTox moegHye
30IIb-T€llb METOJ] 1 METO/I CaMOPO3MOBCIOIKYIOUOT0
BucokoTemmeparypaoro cunresy (CBC). YV mpomy
pas3i J0CSTaeThcsi BUCOKA CTYIIHb 3MIIIyBaHHS Ka-
TIOHIB y pO34MHI Ha MOJCKYJISIPHOMY DiBHi, KOHT-
PONBbOBaHMN TIEpexill po3urMHYy y TOJTIMEPHUN Telb,
BUJIAJICHHS TIOJIIMEPHOI MATpPHIlI 3 YTBOPCHHSM OK-
CHJTHOTO TIPEKypcopy 1 30epekeHHs] BHCOKOi TOMO-
TCHHOCTI MPOAYKTY.

Buximaumu peareHtamMu JIs CHHTE3Y CKIIaJIHUX
OKCHJIIB CITyI'YIOTh BOJIHI PO3YMHH HITpaTiB METANiB,
SIKi 3MIIIYIOTh Y CTEXIOMETPUYHOMY CIiBBITHOIICHH.
B orpumanuii po3uMH BBOIATH OPraHiuHy CIOIYKY,
SIKa Y 30J1b-T'€JIb TIPOIIECI BUKOHYE POJIb:

1) opranivyHOro najrBa B peakilii TOpiHHS;

2) KOMIUIEKCOYTBOpIOBada (XENaTHUW areHT),
B SIKOMY KapOOKCHIIbHI IPYIIH € JiraHJaMH.
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[lig yac TepMiyHOro OOpPOOJICHHS 3a PaXyHOK
BHJIJICHHS BEJIMKOI KUIBKOCTI Ta30MOIIOHMX IIpo-
IYKTIB, YTBOPEHHX B YMOBaxX HHU3bKOTEMIIEPATypHOL
peakiii TOpiHHS MK HITpaTamMH MeTadiB 1 opra-
HIYHOIO CIIOIYKOI0, (POPMYIOTHCS AYKe ITOPUCTI IPO-
JIYKTH 3 BUCOKOIO ILJIOIICH) MTOBEPXHI.

SK KOMIUIGKCOYTBOPIOBAY BHUKOPHCTOBYIOTH
UTpaTHY, BUHHY, aMiHOOITOBY, €THJICH/IiaMiHTET-
palToOBy KHCIOTH. PIBHSHHS BIINOBIIHHX PEaKIIiit

MOXHa 3aI1mucaTt y BI/II‘J’IH}Ii:

A>0;5 + 6HNO; = 2A(NQO3); + 3H>0 (0ns oxcudis)
Me(N03)3 + 3C5H807 = [Me(C5H807)3](N03)3

Cunres meroaoM Ileuini MOKHA 30IMCHIOBATH
3a JBOMa Hamnpsmamu. HacuueHuil BOOHUN pO3UMH
MUTPaTHOI KUCJIOTH MOXKHA BBOJUTH Y PO3UUH
HITpaTiB MeTajiB, a IOTiM BumaproBatu. Ilig dac
TEpMOOOPOOJICHHS CyMilll caMO3aiiMaEeThCs 3 yTBO-
pEeHHSIM aMOp(pHHX BYIJICIIEBMICHHX TEPBHHHUX
YAaCTHHOK CKJIAJ0BUX OKCHUAIB. ITicist OXOJIOMKEHHSA
CYMIIl MEPETHPAIOTh 1 BUIAIIOIOTh 3 YTBOPECHHSIM
BHUCOKOJIUCIIEPCHOTO TIOPOIIKY. B iHIIOMY BHIAAKy
MIiClsi YTBOPEHHS KOMIUIEKCIB METalliB y CHCTEMY
BBOJISITH 0aratoaToMHU cnupT (IIepeBa)XKHO eTUJICH-
TIIiKOJNb). PO3UMH BUIIAPIOOTH JI0 YTBOPEHHS ITOJTi-
MEpHOT0 TeN0, SKHI Haaaim TepMooOpoosoTs. [1in
yac pO3KIAAy MOJIMEPY YTBOPIOETHCS TOPOIIOK
cKIIaHoro ckiamy. Ilin yac cuHTE3y 10HM MeTawiB i
KapOOHOBA KHCIIOTa YTBOPIOIOTH XeTIaTHI KOMILIEK-
CH, SIKi MalOTh BUTbHI TIAPOKCHIIBHI TPYIIH, 32 PAXYHOK
SKUX BiIOyBaeThcs monmiecTepudikaiis xenaTiB i3
OaratoaroMHuM criuptoM (puc. 3). [Ipu 1pomMy ioHH
PI3HUX MeTalliB PIBHOMIPHO PO3MOIUISIOTHCS Y TIOJi-
MepHomy remi. Ilig yac poskimagy mojiMepy OIHO-
YacHO BiOYBA€ThCS yYTBOPCHHS INMEPBUHHUX YaCTH-
HOK TPOCTUX OKCHJIB Ta IXHS PEaKIlis i3 MOAJIbIIHM
YTBOPEHHSM OHO(A3HOTO BHCOKOAUCIIEPCHOTO CKIIaJI-
HOTO OKCHJIHOTO TIPOayKTy [38].

HO
COOH
O OH .,y
HO 4 LJEMGL 0 0 0 o
HO Emunenanixons & OH &
ulllll]){llllll(l Kucaoma

Puc. 3. Peaxyis noniecmepuixayii
3a yyacmi emuaeH2iKoI0
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Y pobori [39,40] ams OTpUMaHHS HaHO-
Kpuctaniyaux mnopomikie MgALO, 3a 301mb-reib IHT-
paTHUM METO/IOM SIK BHXIHI pEarcHTH BUKOPHCTAHO
kpucranorigpatu coneii MarHiro ((Mg(NOs),'6H,0),
amominiro (AI(INOs);'9H,0), murpaTHa Kecnora (1K) Ta
MPONUIEHITIKONG (TT). BKazaHi peareHTH pO3YMHSIINA Y
BOJIi, BUXOJISYH 3 IXHBOI PO3UMHHOCTI, 1 3MIIITyBaId MK
co0or0 3a KIMHAaTHOI TeMIepaTypud 3a MOJBHOTO
cniBigHomenns n(Mg> +Al’") : n(uk) : n(nr) =
=1:1:0,5. Otpumani cyMinn BHCYIIyBaJH 32 TeM-
nepatypu 85-90 °C mo oTpuMaHHs MOIIMEPHOTO Te-
mo. TepMooOpoOIIeHHS TeliB Cpusiio popMyBaHHIO
MOPOIIKIB, MOYATOK KpHCTaNi3alii YnucToi ha3u SKux
cnoctepiraics 3a 600—700 °C. Asropu [41] 3a3Haua-
10Th, IO ONTHMAJBHOI TEMIIEPATYPOIO JJISI CHHTE3Y
HaHOKpHUCTaTYHUX mopomkis MgAl,O4 € 1000 °C 3a
130TepMidHOT BUTPUMKH 3 Ton. Po3mip KpucTamitis
OTPUMaAHUX MOPOUIKiB cTaHOBUTH 40—-60 HM [39].
[opomiku € arjaomMepoBaHUMH, a CaMi arJIOMepaTH
M’ IKHMH.

Memoo cnigocadocenns. OTpUMaHHS BHCO-
KOJIUCTIEPCHUX TIOPOIIKIB OKCHUIHHUX CIOIYK METO-
JIOM CITIBOCA/DKEHHS 13 PO3YMHIB TiAPOKCHIIB, OKCa-
naTiB, KapOOHATIB, Cynb(}AaTIB Ta IHIIKUX CcONel 31iic-
HIOETBCS 3a TPhOMa BapiaHTaMu [6]:

— CyMiCHE OCa/DKEHHsI i3 BOJHHX PO3YHHIB
CoJiel TIAPOKCHAIB BIAMOBITHMUX METaNB 13 II0-
JANBIIAM TepMOOOPOOICHHSIM;

— OTPMMAaHHS BOJHMX COJICH BIIIOBIIHUX Me-
TaliB 3 MOJANBIIOK JEripaTamielo i TEePMIYHUM
poskiagom 3a 800—-1000 °C;

— OTPUMaHHSI TBEPIUX PO3YMHIB 130MOpHHUX
CoJIeH 13 MOJAJIBIIMM TEPMIUYHUM po3KiiazoM 3a 800—
1000 °C.

Jnist 3MEHIIIeHHST pO3Mipy YacTUHOK Ocanay Ta
3MEHIICHHS PO3MOALTY 3a pPO3MipamMH JOIIITHHO
3aCTOCOBYBAaTH OpraHiuHi peareHTH (Tak 3BaHi
oca/KyBadi), HANPHUKIAA aMiadyHi po3unHu [42—44].
BukopucranHs ik oca/pKyBada TiIPOKCHILY aMOHIIO
[45, 46], rninuHy [47] nano 3Mory OTpUMAaTH HaHO-
YaCTUHKHM mmiHeni po3mipom Bim 10 mo 50 M i3
BHCOKOIO IUIOIICI0 MUTOMOI moBepxHi. [Ipu 1pomy
TEeMITepaTypH MOYaTKy Ta 3aBepIICHHS IIMiHemizarii
€ TOpPiBHIHO HU3bKUMH 1 cTaHoBmIH ~600 °C Ta
1000 °C BigmoBigHO.

ABTOpH [6] 311CHIIN HU3bKOTEMITEPATYPHUH
CHHTE3 aJIOMOMAarHe3iallbHOI MIMMIHEN TEepMIYHUM
PO3KIIaIOM 0cajy, OTPIMAHOTO CYMICHHM OCAJIXKEH-
HSAM 13 BOAHUX po3uuHiB coneir Mg(NOs),'6H,0 i
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AI(NO;);9H,0. Temneparypa CHHTE3y CTaHOBHJIA
300 °C, a oTpuMaHuil NPOAYKT XapaKTepHU3yBaBCA
CepeAHIM PO3MIpOM YaCTUHOK 3,5—5 HM.
CriBoca/yKeHHsI 3 PO3YHHIB € MMPOCTUM, e(eK-
TUBHUM METOJIOM, SKHM HE HOTpeOy€e MiIBUIICHUX
TeMIepatyp 1 THCKY, Ja€ 3MOTI'y KOHTpPOJIOBATH
MOp(OJIOTit0 Ta PO3MIp HAHOYACTUHOK Y IIMPOKHUX
Mekax 0e3 BUKOPUCTaHHS OPTraHiYHUX PO3YMHHUKIB.
T'iopomepmanvnuii cunme3. CyTb METOIY
moJisira€ B 0OpOOJICHHI y TiAPOTEPMAIbHUX YMOBaX
3a MIBUIIEHUX TEeMIepaTyp 1 THCKY (Temreparypa
~300 °C, tuck ~10 MIla) BUXiTHUX KOMIIOHEHTIB —
MPEKypCOpiB MOPOIIKIB B iHEPTHOMY, OKHCHOMY 200
BiIHOBHOMY cepenopuinax [48—50]. T'iazporepmab-
HHUM CHHTE3 y CHCTEMi Ha BOJHIH OCHOBI MOXE
3MIMCHIOBATHCS 1 32 HUXKYHMX TEMIIEpaTyp peakiii
(160220 °C). Bapro 3a3HauuTd, IO ITiJBUIICHHSI
KOHIIGHTpAIlil peareHTiB 1 TeMIepaTypu TifpoTep-
MaJBHOTO CHUHTE3Yy CIPHsE CIIOHTAHHIA KpHCTali-
3amii Ta 3MEHIIEHHIO PO3MIpPIB YaCTUHOK, a 30ib-
HICHHS Yacy TiIPOXIMiYHOTO 00poOIeHHsT TBepaol
(a3u MpUBOIUTH JI0 PIBHOMIPHOT'O YKPYITHEHHS Jac-
THHOK nopotiky [51]. ['igporepManbHuil CHHTE3 — 11€
edexTuBHUIT TIporec, KUK Ja€ 3MOTY KOHTPOIIOBA-
TH MOP(QOJIOTiI0 Ta PO3MIp HAHOYACTUHOK Oe3 BUKO-
pHUCTaHHS TOKCHYHUX OPTaHIYHUX CIOMYK.
PosrasHyTi y po0OOTi METOMKH CHHTE3Y MOPOIII-
KiB aJIFOMOMarHe3iajibHOT IIITIHENI 3 OrJIsIIy Ha Xapak-
TEPUCTUKH OTPHUMAHUX 3pa3KiB HaBeJEHO y Taol. 4.

Tabruys 4

SxkicHe MOPIBHAHHA MOKJIMBOCTEH MeTOIiB
CHHTe3y aTI0OMOMAarHe3siaJbHol mminesi

[Ipocrora
. anlaparyp- | LBun-
Meron Pozmipu P . Aro-
HOTO KiCTh .
CHHTE3y | YaCTHHOK Mepartis
odopM- | cuHTE3y
JICHHSI
CriikasHst TIOJi- - - +
Anc-
[TnaBneHns . - - +
TIepCHi
30Ib-TeNb 4acT-
HaHO + +
CHHTE3 KOBa
OcamxeHHs HaHO + + -
Tigpo-
. Yact-
TepPMaJIbHUI HaHO - +
KOBa
CHHTE3

[IpoBeacHUI OMISIT MOYKJIMBUX METOIIB CHH-
Te3y TMOPOIIKIB alloMOMarHe3iajabHOl INImiHeml 3
onIAay Ha MOPQOIOrilo IMoKa3ye, MO0 HaWONTH-
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MaJBHINIMMA € XIMIYHI METOMH, 3aBISKH MOMKJIHU-
BOCTI OTPUMAaHHS MOHOJUCIEPCHUX HAHOYACTHHOK
MEBHOTr0 ckiany i posmipiB. [lepcriekTHUBHEUME €
pi3HI BapiaHTU 30Jb-T€JIb TEXHOJIOTII 1 METOJiB
0CaJDKCHHS.

BuchHoeku

Ha mincraBi BHUKOHAHOTO aHali3y JiTepa-
TypHHX JaHUX MOXKHA CTBEPIDKYBATH, IO JJISi CHH-
Te3y IMOPOIIKIB alfOMOMarHe3iajabHOI IIMIHET Oj-
HUMH 3 HalEepPCIIeKTUBHIMINX, Cy4YacHUX 1 TEXHOIO-
FYHAX METOJIB € 30JIb-T'eIb MPOILEC 1 METOM ocaj-
*keHHs. BkazaHi Meronn 3a0e3nedyoTh MOXIIUBICTh
OTpUMaHHS OMHO(pA3HUX TOPOUIKIB aJFOMOMarHe-
31aJbHOT MIMiHEl 32 MOPIBHSHO HU3BKHX TeMIIe-
paTyp i3 BHCOKHM CTYIEHEM YHCTOTH, KOHTPO-
JTHOBAHUM PO3MIPOM Ta (POPMOIO YACTHHOK, IXHBOIO
HAHOPO3MIpHICTIO.
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METHODS OF OBTAINING OF MAGNESIUM-ALUMINATE
SPINELPOWDERS. REVIEW

The main methods of synthesis of magnesium-aluminate spinel powder their features and advantages
were analyzed. The character of the physicochemical interaction of components in the MgO-AlL,O; system
physical and crystallographic characteristics and structural parameters of thecrystalline lattice of
magnesium-aluminate spinel wereresearched. The synthesis conditions arepresented and qualitative
comparison of the possibilities of synthesis methods in terms of theproperties of spinel powders are made. The
influence of various factors on the fullness of spinelformation by diverse methods of spinel synthesis is shown.

Key words: magnesium-aluminate spinel, spinel synthesis, solid phase synthesis, sol-gel process,

metodPechini, citrate sol-gel synthesis.
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