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Creation of optically transparent materials that are characterized by high durability, hardness and impact
viscosity is one of the most urgent tasks of modern material science. Magnesium aluminate spinel is one such
compound that corresponds these requirements. A new technology of low-temperature synthesis of spinel
nanocrystalline powders using a precursor based on glycine was proposed.

By means of glycine-nitrate method was obtained of precursor xerogel (pH = 5.5) for the synthesis of
magnesium aluminate spinel powder. Pyrolysis of xerogel Mg: Al: glycine at t° = 240 °C followed by heat treatment
(600 °C, 650 °C, 700 °C) of the obtained MgO-Al,O3-C composite particles (with and without pre-milling) was carried
out. As a result of synthesis, nanopowders MgAl,O4 were obtained.

The method of XRD in samples of synthesized powders established the presence of one cubic phase (Fd-3m)
of aluminate spinel without impurities. A static adsorption-structural method based on the interpretation of isotherms of
adsorption determined the specific surface of samples of powders. It has been shown that the most developed surface
(Seer = 170 m?/g) and the smallest particle size (7 nm) have spinel powders obtained at 700 °C without pre-milling of
the MgO-Al,03-C precursor. From the results of studies of nanopowders by the method of transmission electron
microscopy (TEM) it follows that the samples are strongly agglomerated, each part connected with adjacent contact
isthmus. In general, the particles form a porous structure with an average pore diameter of 400-500 nm. The average
size of nanoparticles is 5 - 10 nm. The polycrystalline phase at 700 °C was noted.

Key words: optically transparent ceramics, nanocrystalline powders, magnesium aluminate spinel, glycine
nitrate method.

HusbkoreMnepaTypHuii CHHTE3 HAHONOPOLIKIB AJIOMOMAarHe3iajabHol miHeJi 3
BHKOPHCTAHHAM IPEKYPCOPY HAa OCHOBiI KOMILICEKCY MArHil0 i aJIIOMIHIIO 3
CJIIHHOM

M.M. Jlopo1ieHKo

Incmumym npobrem mamepianosnascmea Hayionanvnoi axademii nayx Yxpainu im. .M. @panyesuua

CTBOpEHHSI ONTHYHO ITPO30PHX MaTepiaiiB sIKi XapaKTepU3YIOThCS BUCOKOIO MILHICTIO, TBEPAICTIO 1 yJapHOIO
B’SI3KICTIO € ONHI€I0 3 aKTyaJ bHHX 3aJad CY4acHOTO MaTepiaJo3HaBCTBA. ANOMOMaHe3iallbHA MIMiHETh € OJHIEI0 i3
TaK{X CIIOJNYK, IO BiAITOBITAIOTh TAKMM BUMOTaM. B poOOTi 3aIpoITIOHOBAaHO HOBY TEXHOJIOTiI0 HU3BKOTEMIIEPATyPHOTO
CHHTE3y HAHOKPUCTAJIYHUX MOPOIIKIB IITiHEIi 3 BAKOPUCTAHHIM MIPEKypCcopy Ha OCHOBI TTIIHMHY.

I'miupH-HITpaTHUM METOJIOM OTPHMAaHO KCEPOTellb MPEKypcopy Uil CHHTE3y MOPOIIKIB alloMOMAarHe3ialbHOT
mmminen. [Iposemeno mipoi3 kceporeiaro Mg:Al:rminmuu npu t° = 240 °C i3 HacTynHO0 TepMoobpobkoro (600 °C,
650 °C, 700 °C) orpuMaHux KoMro3uTHHX yacTUHOK MgO-Al,03-C 1 orpumano Hanonopouku MgALO,.

Metonom PDA B 3pa3kax cHHTE30BaHHX ITOPOLIKIB BCTAHOBJICHO IPUCYTHICTH o1Hi€T KyOiunoi ¢asu (Fd-3m)
anmromomarHesianeHoi mmineni MgAl,O4 6e3 gomimok. CtaTHuHEM aacopOIiitHO-CTPYKTYpHIM METOJIOM BH3HAUYCHO,
0 HAWOINBII PO3BHHEHY IOBEPXHIO (Sper = 170 M%/T) i HaliMeHmmi po3Mip YacTHHOK (7 HM) MarOTh IOPOIIKH
mmiaeni, orpuMani npu Temmepatypi 700 °C. I3 pe3ynpTaTiB IOCITiIKEHh HAHOMOPOIIKIB METOIAOM IPOCBIAYIOYO1
enektponHOi Mikpockomii (IIEM) BurmBae, 1mo 3pa3ku criibHO armoMepoBati. Cepenniit giamerp mop 400 - 500 HM, a
pO3Mip HaHOYACTHHOK ckiazae 5-10 M. Bigmiueno nosBy mnosikpucraniqnoi ¢asu npu temneparypi 700 °C.
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Beryn

IIpozopa Kepamika Ha OCHOBI
aIFOMOMAarHe3iaipHOl IIIMiHEeTi, HapiBHI 3 OKCHAOM i
OKCHHITPHIOM  aJIOMiHII0, €  TIepPCIeKTHBHUM

ONITUYHHAM MaTepiajioM, SIKHA MOXKe 3HAWTH CBOE
3aCTOCYBaHHSI NP BHUTOTOBJICHHI ONTHUYHO IPO30PHX
BikOH (B niama3oHi Bij cepeanboro IY no BuUmumoro
cBiTna). IHmMM (QYHKIIOHATBHUM NPU3HAYCHHIM
MgAlO4 € ii BUKOpUCTaHHS y BifICBKOBIM TeXHiIi, a
caMe SIK INpO30pHH OpOHE3axWCHHWH Martepian i INpH
BUTOTOBJICHHI  KOBMAKiB s  OOHOBHX  paker.
MOo>IHBiCTE TAKOTO 3aCTOCYBAaHHS U [TUX MaTepialiB
OOyMOBIICHa THUM, IIO0 BOHH MAalOTh PsJl BHHATKOBHX
BJIACTHBOCTEH, TaKUX SIK ONTHYHA MPO30PICTh, BUCOKA
MILHICTh, TBEPIICTH 1 y1apHa B’SI3KICTb.

BaxnuBuM eramoM TpU CUHTE3I KepaMidyHHX
MarepiaJiB Ha OCHOBI IIIIHENI € OTPHUMaHHSA
HAHOJUCIIEPCHUX  MOPOIIKIB. 32  IOLIMPEHOIO
METOJIMKOI0  TBEpAO(A30BOrO  CHHTE3Y IOPOLIKH
MgALOs oTpuMyIOTH Oe3mocepenHbO  CIIKaHHSIM
OKCHIIB MarHifo 1 amroMiHio npu temmeparypi 1100—
1600 °C. [Inst 3HIKEHHS TEeMIIEpaTyph CHHTE3Y, a
TaKOX  JUIi OTPUMAaHHS YHCTHX OJHOPITHHMX Ta
BUCOKOSIKICHMX  TOpPOILIKIB ~ 4acTO  3aCTOCOBYIOTbH
ximMiyHi Metoau. Hampukian 3oib-renbs MeTon abo
Horo pizHoBuau. Tak B poGoti [1] npu Temmepatypi
800 °C TakuM METOJOM OTpPHMaHi HaHOIIOPOIIKU
mmiHeni posmipoMm 15-30 HM. JIns cUHTE3y reio B
SIKOCTI «IIAJTBa» 3alpOIIOHOBAaHI JIMMOHHA, IIaBJICBA
KHCJIOTH 1 CEYOBHMHA. 3HIDKCHHS TEMIEpaTypH CHHTE3Y
JOCATAETHCS, B MEPILy Yepry, 3a paxyHOK BUALICHHS
JOJATKOBOTO TeIJIa, P BHHUKHEHHI €K30TepMidHOI
peakiii MiX BHXIZHUMH KOMIIOHCHTaMH. Y HaImii
CTATTi 3aMpOINOHOBAH Pi3HOBHUJ 30JIb-TeJIb TEXHOJIOTI,
TaK 3BaHUU TJIIUH-HITPATHUH METOA, 1€ B SKOCTI
Jrasay i MenTU3aTopy 3ampONOHOBAHO BUKOPUCTAHHS
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amiHOyKcycHoi  kucnotu  (rminunHy).  Ilomepenni
pe3yJbTaTh IpeCTaBiIeHI B poOoTi [2].

Cumnre3 i mipoJi3 kceporemo Mg:Al:riinun

IIpekypcop 1t OTpUMAaHHS  TOPOUIKIB
afOMOMAarHe3ialbHoi ~ IIMiHETl  CHHTEe3yBauH 3
BUKOPHUCTAHHSIM  30Ib-T€lb METOAy. BuxigHumu
peareHTaMH  BHUCTYHadM  MarHii  a30THOKHCIHN
Mg(NO3),-6H,0, TIOMIHIN A30THOKUCIIUI
AI(NO3);-9H,O 1 rminuH (MOJNBHE CIiBBiTHOIICHHS
BignoBigHo 1:2:5). pH cepemoBuia perymroBamocs 3a
Jonomoror 25%-ro po3unHy amiaky. BcraHoBieHO,
110 npu pH=5,5 BiIOYBA€ETHCS nporiec
renieyTBopeHHss. OTpuMaHMil Tenb CymWiaW HpU
temrnepatypi 80 °C npotsirom 12 rog.

[Tipomi3 kceporemro Mg:Al: rinuH mpoBeaeHO
npu t° = 240 °C i3 HACTYIHOI TEPMOOOPOOKOIO y TeUi
CHOJI oTpumaHMX KOMIIO3UTHHX YacTHHOK MgO-
Al,O3-C (3 monepeaHiM po3MentoBaHHAM 1 0e3 HbOro)
B MOBITpsHIN atMocdepi mpu Temmepatypax 600 °C,
650 °C, 700 °C Ta BuTpuMmOi 3 rox. B pesynbrari
CHHTE3Yy OTpUMaHO HaHOMopomkn MgAlLOs.

TepmiuHuii aHami3 kceporenao Mg:Al:rainun

[lpoBeneHo  TepMiuHWi  aHami3  3pa3sKiB
OTPUMAHOTO Kceporemto. IlokasaHo, MO MipoIi3
KOMIUIEKCY BifOyBaeThcss mnpu Temmeparypi 240 °C
(puc. 1). B inTepBami Temmeparyp 425-550°C
Bi/I3HAYAETHCS eK30e(eKT, MOB'sI3aHUN 3
nekapOoHizamiero  mpekypcopy  MgO-ALO;-C i
YTBOPEHHSAM  allOMOMAarHe3iajpbHOi  ImmiHem. B
MOANBIIOMY  JIOKaJTi30BaHUX  TEIUNIOBHX  e(eKTiB
B iHtepBasi 550 —800°C He cmocrepiraerbcs.
Brpara macu 3pa3ky B iHtepBani 25 — 800 °C ckinaznae ~
90%.
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Puc.1. Tepmiunuii aHami3 Kceporemo Ha OCHOBI komIuiekcy Mg i Al 3 rmimmmaoMm. (a) 1- ATA, 2 —TT, (6) ATT

Texuomnorii
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Puc.2. Pertrenorpama 3paskiB mopomkis mpexypcopa MgO-Al,O3-C micns mipo:mizy (350 °C) kceporenst KOMIDIEKCY
Mg?": AP*: rminmn (1) i #ioro mogansmoi TepMoo6po6Ii B moBiTpsHil atMocdepi mpu Temmepatypax 600 °C (2),
650 °C (3), 700 °C (4) i BuTpumIIi 3 4

PentrenogazoBuii aHagiz nopomkiB mnpekypcopa
MgO-Al0:-C Ta anoMoMarte3iajibHoOI LIiHes i

Metogom P®A B 3pa3kax CHHTE30BaHHX
TTOPOIIKIB BCTAHOBJICHO TPHUCYTHICTh OAHIi€l KyOidHOT
¢azu (Fd-3m) amomomaraesiansHoi mmmiaemi MgAl,O4
6e3 pomimok (puc. 2). Ilpu 3MiHI TemmepaTypu Bix
350 °C mo 700 °C croctepiraerbcst 3ByKeHHST GopMH
qudpakuidHux miKkiB, ski Hanexath MgALO4, 1o
MOJKE CBIIYHMTH NPO 3pOCTaHHA KpHUCTalIiyHOI (aszu B
3pas3Kax.

CrarnyHum a/1cOpOLIHHO-CTPYKTYPHUM
METOJIOM Ha OCHOBI iHTepIpeTarii i30TepM amcopOmii
BH3HAYCHO NHTOMY IIOBEPXHIO 3pa3KiB IOPOIIKIB.
[TokazaHo, MmO HaHOIIBII PO3BUHEHY MOBEPXHIO (SBET
= 170 m%*r) i malivenmmii po3mip yactuHOK (7 HM)
MArOTh MTOPOIIKY IIITiHEI, OTPUMaHI MPH TeMIepaTypi
700 °C 0e3 momnepeaHLOro PO3MEIOBAHHS IPEKypcopa
MgO-Al,0;-C.

NEM-pocaimkennss MopgoJiorii Ta ejieMeHTHOIo
cKJIaay HAHOKPHUCTATIYHHUX TMOPOIIKIB
AJIOMOMATHe3iaILHOI mmiHe i

I3 pesympraTiB IOCHIIKEHb HAHOMOPOIIKIB
METOAOM MPOCBIUYIOUOi ENEeKTPOHHOI MIKpPOCKOMii
(ITEM) BurumBae, 10 3pa3kd CHJIBHO arjoMepoBaHi,
KOKHa 4YacTKa 3'€JHaHa 3 CYCIIHIMM KOHTaKTHUMH
nepemuiikamu. B minoMy, yactku (GopMyroTh IOpUCTY
CTPYKTYpY 3 cepentiM niamerpom mop 400 — 500 HM.
3MiHa Temriepatypu cuaresy Big 600 go 700 °C (puc. 3

KEPAMIKA: nayka i >Kutta

a, 0, B) HE NPU3BOAWTH [0 IOMITHHX 3MiH B
MopGoJIorii HAHOMOPOIIKIB a00 J0 3MiH 3HAYCHb
po3mipy ix mop. CepenHii po3Mmip HaHOYACTHHOK
cknanae 5 — 10 HM.

I[Ipn  amamizi  enekrponorpam (SAED -
IUQpakIis eIeKTPOHIB o0paHOoi o0macTi), 3 POCTOM
temneparypu  Big 600 1o 700 °C B 3pa3kax
Bi[3HAYa€ThCcs  Tepexix  Bix  amopdHOrOo 1O
MOJIKPUCTANIYHOTO CTAaHy IIMTiHENi , PO IO CBITYNUTh
MOsIBA 1 3pOCTAaHHS YiTKOCTI KiNEIb Ta SICKPaBUX TOUOK
Ha IU(paKLifHUX KapTUHAX.

[TpoBeneHo enemeHTHHH aHami3 B 4-X 0OpaHUX
obylacTsIX 3pa3ka, OTPHMAHOrO IPH TEMIIEpaTypi
650 °C (puc. 4). BcraHOBIEHO INPUCYTHICTH aTOMIB
Mg, Al, O B CHiBBiAHOIIICHHI, BiAMMOBIMHOMY CIOJYII
MgAl,O4 3 HeznauHowo aominikor SiO; (0,47-1,07%)
B BOX oOacTsx (Tabmui 1).

Tabmuus 1.
EneMenTHuit ckian 3paska IIiHesNi, OTPHMAHOTO MPU
temrepatypi 650 °C (atom.%)

Enement (aTom.%)
Ne ciextpa

o Mg Al Si
1 67.50 | 9.33 | 22.10 | 1.07
2 62.81 | 11.25 | 25.48 | 0.47
3 6692 | 9.41 | 23.67| -
4 61.02 | 11.20 | 27.78 | -
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Puc. 3. IIEM-300pakenHs 1 qudpakuiiiHi KapTuHM 3pa3kiB HaHonopomikiB MgA1,Oy4 micis nepBHHHOI TEpMOOOPOOKH
npu Temreparypax: a) 600; 6) 650; B) 700 °C
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Puc.4. Enexkrponna ¢otorpadis 3paska IimiHeNi, OTpuMaHoro npu remmnepatypi 650 °C. BigmideHi miciis onmpoMiHeHOT
MTOBEPXHI 3pa3Ka ISl OTPUMAHHS 4-X CICKTPIB CIIEMCHTI

BucHoBku

3a momomororo Meroxy I1IEM BigmideHO MOSABY
monikpuctamigaoi ¢azu mpu  Temmeparypi 700 °C.
BcTaHOBIEHO, 1110 BHUKOpPHCTaHHS aMiHOYKCYCHOI
KHUCJIOTH B HKOCTi «IajJpBa» OO3BOJISIE 3HU3UTU
TEeMIepaTypy CHHTE3y aTrOMOMArHe3ialdbHOI INMiHENi
1o 600 °C (amop¢Ha daza) — 700 °C (momikpucTamiyaa
(hasza) 3a paxyHOK BHUICHHS JOJATKOBOTO TEILIa, MPH
BUHUKHCHHI C€K30TEPMIUHOI peakilii MK BHUXITHUMH
KOMITIOHEHTaMH.

OtpumaHi pe3ynbTaTé POOOTH MOXYTH OYyTH
BUKOPHCTaHHI B TEXHOJIOTIi CTBOPEHHS MPO30pPOI
ONTHYHOI KEpPaMiKM Ha OCHOBI aJrOMOMAarHe3iajabHOT
mideni. Od4eBMAHO, MO 3 METOK  IIiJIBMILEHHS
CTYINEHS TEXHOJIOTIYHOCTI  OTPHMAaHUX IOPOIIKIB
HACTYITHOIO CTAJII€0 MOXKYTh OYTH JOJaTKOBUI po3Men
Ta TepMooOpoOKa. 30Kkpema, e TO3BOJIUTh 3pYHHYBAaTH
YTBOpEHi mpu cuHTe3i mopu posmipom 400 - 500 mm,

KEPAMIKA: nayka i >Xutts

Mo, B CBOK 4epry, MpHU3BeAE [0 IIiBUIICHHSI
OJTHOPITHOCTI 1 SIKOCTI IIOPOIIKIB IIITiHEM.
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