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Abstract. Strong fine-grained ceramics (about 1 pm) based on yttrium oxide nanopowder was prepared using
spark plasma sintering (SPS) method. It has microhardness of 2.1 GPa.
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BBEAAEHUE

B HacTosiIee BpeMs yKe JOCTAaTOUHO XOPOILIO K3y~
YeHO, 4To HabnlofaeMble U U3MepsieMble OTTHYU S
Me>XXAy HAaHOKPUCTATIUUYeCKUMU U KPYIIHO3epHU-
CTBIMHK MaTepHajaMH B YIPYIux, JeMIPUpPYIO-
KX, IPOYHOCTHBIX, TEIIJIOBBIX, 3/IeKTPHUUECKHUX,
MarHUTHBIX, TUPPYy3HOHHBIX U IIPOUUX CBOMCTBAX
06ycoB/IeHBl He TOJBbKO MaJIbIM Pa3MepoM 3epeH
B TaKUX HAaHOKPHUCTA/UIMYECKHUX MaTepHanax, HO

INTRODUCTION
The differences between nanocrystalline and coarse
grained materials in elastic, damping, strength, ther-
mal, electrical, magnetic and diffusion properties are
not only due to the small grain size in nanocrystalline
materials, but also to the special surface state or their
grain boundaries [1].

One of the future paths of nanotechnology is
development of ceramics produced from nanoscale
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1 0CO6BIM COCTOSIHHEM IOBEPXHOCTH I0y4YaeMbIX
MaTepHaoB UIH IPaHUI] 3epeH B HUX [1].

OOHUM M3 HalpaB/leHHHN HAaHOTEXHOJOIHH
SABJsIeTCSl CO3/[laHMe KepaMHUKH, IOJIydaeMOH
13 HaHOpPa3MepHBHIX MOPOUIKOB, B KOTOPOM yja-
eTCsl COXPaHMUTb OUYeHb MaJible pa3Mepbl 3epHa.
[IpenmnosnaraeTrcs, YTo HaHOKepaMHKa OygeT ob1a-
JaTh He TOJIBKO CBOMCTBAMHU KePaMHUKH, IIOTydeH-
HOM 13 KPYITHO3ePHUCTBIX MaTepPHasIoB, HO M HEKOTO-
PBIMH YHHUKAJIbHBIMU XapaKTepPUCTHKaMU (HallpH-
Mep, CBEPXIUIACTUYHOCTHIO [2]).

M3BeCcTHO, UTO YeM MeHbllle Pa3Mep 3epeH Kepa-
MHKH U yeM OoJIbllle pa3BUTa 3epHUCTAS CTPYKTYPa,
TeM IpO4YHee U TBepke KepaMHKa. BmecTe ¢ TeM
B HaHOIIOPOIIKAX, HMCIIONb3yeMBbIX A5 MOJyUYeHHUS
KepaMHKH, CYyIIeCTBYIOT yCTOMYHBBIEe TPYJHOPA3PY-
IIaeMble arJIoMepaThl HAHOUYACTHIL (3], 4TO TpebyeT
IprYMeHeHHU s HeCTaHAAPTHBIX MeTOJ,0B KOMIIaKTHPO-
BaHUS (HallpUMep, MeTofla FOpSYero MpeccoBaHUS).

CoBpeMeHHOe COCTOSIHHe HCCIeIoOBAHHH I10 HAHO-
KepaMHKe, CO3/laHHOM M3 pa3/IMYHbIX HAHOIOPOII-
KOB, IOCTAaTOYHO XOPOIIO 0To6paskeHO B paboTax [4-6]
U IPYTHX, B TOM YHCJIe aBTopa [7-10].

B paboTe mcciaenyeTcs KepaMHKa, CO3aHHAA
13 HAaHOIIOPOLIKA OKCH/A UTTPHS.

Coepa mpuMeHeHHS MaTepPHaJIOB Ha OCHOBE OKCH-
JOB UTTPUS U APYTUX PeIKO3eMeJIbHBIX 3/IeMeHTOB
IIOCTOSIHHO PACIIKMPSIeTCsl, IPUYeM B HallpaBIeHHUIX,
ompefensIOUMX TeXHUYECKHUN Iporpecc (CraaBsl
C YHUKAIBHBIMHU CBOMCTBAMH, SiIePHAs SJHEPreTHKa,
3JIEKTPOHUKA U JP.).

Llenbio HacTOsIMEN paboThl 6bLIO CO3MAHMUE C IIOMO-
b0 MeToja SPS M3 HAaHOLUCIIEPCHOIO IIOPOIIKaA
OKCHJA UTTPHUS IJIOTHOU U TBEPAOK KEPAMUKHU C MeJI-
KO3epHUCTOH (IIOpsiika MUKPOHA) CTPYKTYPOH.

OMUCAHUE SKCMEPUMEHTAJIbHbIX YC/I0BUIA

B KavyecTBe HMCXOJHOIO KCIIO/NIb30BAJICSI MOPOIIOK
OKCH/JIa UTTPHS CO CPeJHUM Pa3MepoM YacTHUI] 32 HM
Y XMMHUYeCcKOH YUCTOTOM 99%, ro/lydaeMBblt HUCIIape-
HMeM ChIPbeBBIX MaTePHaJIoB Ha YCKOPHTeJIe 3/IeKTPO-
HOB C [TOC/IeyOIIe N KOH/IeHcallHeH BellleCcTBa B BUJIe
HAHOJIMCIIEPCHBIX YacTHIL [11].

Ha puc.l mpencTaBeHbl pe3ynbTaThl IPOCBEYH-
Balollel 3/7eKTPOHHOM MHKPOCKOIMH IMOPOMIKA
OKCH/Ia UTTPHUSL.

[l 5TOro mopollKa ClleKaHHe MPOBOJUIOCH
Ha yctaHoBKe Labox "Sinter Land" UTuJl CO PAH
MEeTOJIOM 3/IeKTPOHUCKPOBOTO CIIeKaHUs (Fopsvero
IIPeccoBaHUS C UCII0b30BAHHEM CIIeKaIoIek HCKPO-
BoM 1a3mel) (Spark Plasma Sintering, SPS), korma
MMITY/IbCHl 3/IeKTPUYECKOT0 TOKA IPOXOAST dyepes
3apaHee CIIPeCCOBAHHBIM IOPOIIOK (B JaHHBIX 3KC-
IeprMeHTaXx CHJIa TOKa JOCTUraja 2 KA IpHU MOoJaH-
HOM HaIlpsiKeHUHU 3-4 B). OCHOBHBIM OTIHYHeM SPS
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Puc.1. DAeKmpoHHAs MUKpocKonus UCX00H020 HAHONOPOWKA
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Fig.1. Electron microscopy of initial yttrium oxide nanopowder

powders in which very small grain sizes can be
retained. It is expected that nanoceramics will not only
have the ceramics properties obtained from coarse-
grained materials, but also some unique ones (such as
superplasticity [2]).

It is known that the smaller grain size of ceramics and
the more developed grain structure, the stronger and
harder ceramics are. At the same time, in nanopowders
used for production of ceramics, there are stable agglom-
erates of nanoparticles which are difficult to break [3],
which requires the use of non-standard methods of com-
paction (for example, hot pressing method).

The current state of research on nanoceramics made
from different nanopowders is well documented in [4-6]
and others, including the author [7-10].

This work is to study ceramics made of yttrium oxide
nanopowder.

The application field of materials based on yttrium
oxide and other rare-earth elements is constantly
expanding, and in the areas that determine technical
progress (alloys with unique properties, nuclear energy,
electronics, etc.).

The aim of this work was to use the SPS method to pro-
duce dense and hard yttrium oxide nanodisperse pow-
ders with a fine-grained (micron-sized) structure.

DESCRIPTION OF EXPERIMENTAL CONDITIONS
Yttrium oxide powder with an average particle size of
32 nm and chemical purity of 99%, obtained by evapora-
tion of raw materials in an electron accelerator, followed
by condensation of the substance in the form of nanodis-
persed particles [11], was used as a starting point.

Figure 1 shows the results of transmission electron
microscopy of yttrium oxide powder.
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0T TPAaAHULIMOHHOIO [IPeCCOBAHUS (IIPHU I10C/IeL0BaA-
TeJIbHBIX IPECCOBAHUMU U CIIeKAHUU) SIBJSIeTCS MO~
BeJleHHe MMIIYIbCHOIO 3JIeKTPUUYLCKOr0 TOKA HeIlo-
CPelCTBEeHHO K 0bpasily, 4To CIIocobcTByeT ObICTpOMY
HarpeBy MOPOIIKa U COXPAaHEHUIO B 3HAUUTEJIb-
HOU CTeIleHU eT0 MUKPOCTPYKTYPHBIX [IapaMeTpPOB
B KOHCOITUOMPOBAHHOM MaTepuaje. IIpeccoBaHUe
NPOBOAMJIOChE IIPU MaKCHMaJbHOM TeMIlepa-
Type 1400 °C u maBieHuu 40 MIla. CKOpOCTb Harpesa
06b14uHO 6b71a 100°/MHUH, BBIAEPKKH IIPH MaKCH-
MaJIPHOU TeMIIepaType He 6bLI0.

MUKpPOTBepAOCTH Bcex 00pasLioB KepaMUKH HCCIe-
JloBaJIack C IIOMOIIIbI0O MUKpOTBepaomepa IIMT-3.

Ha 371eXTpOHHOM CKaHHUPYIOIeM MHKPOCKOIIe
ZEISS EVO-50WDS-XVP-BU UTIIM CO PAH wuccneno-
BaJIMCh CKOJIBI KePAMMKH I10C/Ie HAIBIJIEHU S Ha HUX
CJI0S1 30J10TA.

PE3Y/IbTATbI U OBCY)XAEHUE
JlaMeTp U TONIIHHA [I0Jy4YeHHBIX 00pa31ioB Kepa-
MUKHU COCTABJISIIUN 9,6 U 3,2 MM.

Ha puc.2 npuBegeHa 31eKTPOHHAS MUKPOCKOIIH S
CKOJIa KepaMHKH. BUIHO, YTO pa3Mep 3epeH oIy~
YeHHOM KepaMHKH MOPSAKa 1 MKM, TO eCTh C IIOMO-
b0 MeToda SPS co3aHa Me/IKO3epHUCTas [IJIOTHAs
KepaMHKa.

MUKPOTBEpPAOCTD I10JIy4eHHOHN KepaMHUKH OKa3a-
71ach AOCTAaTOYHO BeICOKOM - Hv=18,1 TTla. [l cpaB-
HeHUSsI, MUKPOTBepPAOCTh KePaMHKH, I10JIy4eHHOU
HaMH B pabore [12] TpaguLIHOHHBIM criocobom (pu
mocJjefoBaTel1bHBIX IIPECCOBAHUM U CIIEKAHUHU)
M3 3TOT0 ’Ke HaHOITOPOIIKA IIPY MaKCHMaJIbHOU TeM-
nepatype criekaHus 1500 °C, 61712 paBHa 11 I'Tla.

TakuM o6pa3om, C IOMOIIBIO METOLA 371eKTPO-
HCKpoBoOro criekaHusi (M3C) Ha OCHOBe HaHOpa3Mep-
HOI'0 ITOPOIIKA OKCHU A UTTPHS CO3aHa MeJIKO3epHHU-
cTas (mopsgaka l MKM), IIJIOTHas, IPOYHasi KepaMUKa
C MUKPOTBEPIOCTHIO BIIOTH A0 18 I'Tla.

B/IATOAAPHOCTHU

ABTOp BbIpaskaeT 61arogapHocTh A.[.AHHUCHMOBY,
B.M.Manu, B.A.EMenbkuHy U I.A.IIo3OHAKOBY
3a rmomMoIns B pabore.

NHOOPMALUA O PELLEH3NPOBAHUU

Pemakuus 61arogapuT aHOHKMMHOIO pelleH3eHTa
(pelieH3eHTOB) 3a X BK/IaJ, B peLleH3HPOBaHUe 3TOM
paboThl, a TakKe 3a pa3MellleHHe CTaTell Ha CanTe
SKypHaJ/ia U Ilepefavy KX B 3JIeKTPOHHOM Bu e B HOB
eLIBRARY.RU.

Jeknapauus o KOHPAUKMe UHMepecos. ABMOpbl 3a58A50M
06 omcymcmauu KOHGAUKITOB UHMePecos UAU AUYHBLX OMHOUle-
HUil, Komopble mo2Au bl nosAusmb Ha pabomy, npedcmasnex-
Hyt0 8 JaHHOLI crambe.
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Fig.2. Electron microscopy of a ceramic chip

A
W

For this powder sintering was carried out on Labox
"Sinter Land" facility of ICIL SB RAS by the spark plasma
sintering method (hot pressing with the use of sintering
spark plasma) (Spark Plasma Sintering, SPS), when elec-
tric current pulses pass through the pre-compressed pow-
der (in these experiments the current strength reached
2 kA at a voltage of 3-4 V). The main difference of SPS
from conventional pressing (successive pressing and sin-
tering) is introduction of pulsed electric current directly
on the sample, which results in rapid heating of the
powder and largely preservation of its microstructural
parameters in the consolidated material. The pressing
was carried out at a maximum temperature of 1400 °C
and a pressure of 40 MPa. The heating rate was typically
100 °C/min and there was no holding time at the maxi-
mum temperature.

Microhardness of all ceramic samples was examined
with a PMT-3 microhardness tester.

On an electron scanning microscope ZEISS EVO-
50WDS-XVP-BU ITPM SB RAS chips of ceramics after gold
layer sputtering on them were investigated.

RESULTS AND DISCUSSION
The diameter and thickness of the obtained ceramic spec-
imens were 9.6 and 3.2 mm.

Figure 2 shows an electron microscopy of the ceramic
chip. It can be seen that the grain size of the obtained
ceramics is about 1 micron, i.e. using SPS method a fine-
grained dense ceramic was created.

Microhardness of obtained ceramics was high
enough: Hv=18.1 GPa. For comparison, microhardness
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of ceramics obtained by in [12] by traditional way (by
successive pressing and sintering) from the same
nanopowder at maximum sintering temperature
1500 °C, was equal to 11 GPa.

CONCLUSIONS

Thus, using the electrospark sintering method (ESM)
based on nano-sized yttrium oxide powder, a fine-
grained (about 1 micron), dense, strong ceramic with
microhardness up to 18 GPa was developed.
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