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C nomoLLbio MeTofa 3/IeKTPOMCKPOBOro criekaHus (SPS) Ha OCHOBe HAaHOpPasMepHOro MOpoLIKa
ANOKCUAA LUPKOHUS Co3faHa MesikodepHuctas (nopsaka 1 MKM), NJoTHas U TBepaas Kepamuka

(c MukpoTBeppaocTbio 24 IMa).

Dense and solid fine-grained ceramics (microhardness of 24 GPa and grain size of 1n) based on
nanoscale zirconium dioxide powder was prepared by spark plasma sintering (SPS) method.

BBEAEHUE

OT/IHYMS MeXIy HAaHOKPUCTA/IMYeCKUMHU U KPYII-
HO3ePHHUCTBIMH MaTepHaTaMHU B Pa3THUYHBIX CBOH-
CTBax 06yC/IOBIeHBI He TOTbKO MaJTbIM pa3MepoM
3epeH B HAHOKPHUCTA/VIMYeCKHUX MaTepHanax, HO
U 0CO6BIM COCTOSIHHEM ITOBEPXHOCTH HJIM TPAaHHUIL
3epeH B HUX [1].

OOHUM U3 HallpaB/IeHUH HAHOTEXHOJIOTUH SIBJISIeTCS
CO3IaHHe KePaMHUKH, II0Ty4aeMOH U3 HaHOPa3MepPHBIX
IIOPOIIKOB, B KOTOPOH YAAeTCsI COXPAHUTh OUeHb MaJIble
pa3Mepsl 3epHa. [IpeATIonaraeTcsi, YTo HAHOKepaMHKa
bymeT 0671a1aTh He TOJBKO CBOMCTBAMHU KEPAaMHKH,
IIOTyYeHHON M3 KPYIIHO3epHUCTBIX MaTePHUAJIOB, HO
Y HEKOTOPBIMH 0COOBIMHU (HaIlpHMep, CBEPXIUIACTHY-
HOCTBIO [2]).

M3BeCTHO, YTO YeM MeHblIIle pa3Mep 3epeH KepaMUKHU
U 4eM 6osibllle pa3sBHUTA 3epHUCTAsI CTPYKTYpa, TeM
IIpoyHee U TBeP>Ke KepaMHUKa. B To ke BpeMs B HAHO-
IIOPOIIKAX, UCII0/Ib3yeMBIX [JISI [IOJTy4eHH I KEPAMHKH,
CyILIeCTBYIOT YyCTOMYMBBIE TPYAHOPa3pyLIaeMble arjo-
MepaThl HaHOYACTHII [3], uTo TpebyeT mpUMeHeHMUS
HeCTaHJAPTHBIX METOOB KOMIIAaKTHPOBaHHUS (HAIIPH-
Mep, MeToJia TOPsTYero IpecCcOBaHUS).

CoBpeMeHHOe COCTOSTHHE MCC/IeJOBAHHH 10 HaHOKe-
PaMHKe, CO3LAHHON U3 PA3TUYHBIX HAHOIIOPOLIKOB,
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JOCTaTOYHO XOpo1Io 0TobpaskeHo B paboTax [4-6) u apy-
T'HX, B TOM YHCJIe aBTopa [7-19].

B maHHOM paboTe HCCIefyeTCs KepaMHUKa, CO3JaHHas
13 HAHOIIOPOIIKA JIMOKCHU/IA LI PKOHMUS.

JIMOKCH ] ITMPKOHUS IIPUMEHSIeTCsI KaK KOMIIOHEHT
KepaMHKH, KOMIIO3UTOB, CTEKOJI, 3MaJIek, abpa3sHuBHBIX
IIOPOIIKOB, BEICOKOTEMIIEPATYPHBIX 3JIEKTPOAOB (B 3HEP-
reTUYeCKHX YCTAaHOBKAaX). Ero Takke HCIIONB3YIOT
B Ka4yecTBe I0/IJIOKEK U JUIIEKTUYECKUX CJIOEB B 37I€K-
TPOHHBIX IpUbOpax, KaK IIPOTHBOOTPASKATETbHbBIE
IIOKPBITHSI OITHYECKUX ITPUOOPOB, 3aIHUTHbIE [IOKPBI-
THSI, U3HOCOCTOMKHMeE IIOKPBITHUS JeTajell IIprubopos,
OTHEYIIOPHBIN MaTepUal /I AaBUALIMOHHBIX U PaKeT-
HBIX JBUTATe/leH, KaK KOMIIOHEHT MHOTOCTOMHBIX
IIOKPBITH I JIa3epHBIX 3ePKaJl U pa3feuTeses TydeH,
HCXOZHOe ChIpbe M MPOMEXKYTOUHBIN MPOAYKT IIPH
IIOJIyUeHHUH ZT WIU ero CoefuHeHHUH. [IpuMeHseTcs
B KayeCTBe KepaMHUYeCKHUX TUIMEHTOB M HU30/ISIHOH-
HBIX MaTepHaJIoB, B PyHKIIMOHAJIBHON pajHOKepa-
MHUKe, IIPH IIPOU3BOACTBE KAaTaTHU3aTOPOB B HeQTEXHU-
MHU U OPICHHTE3e, B I0BEJIUPHBIX U3/IeNHUSX, B [1b€30-
37eKTPUYeCKHUX 37leMeHTax. HCIo/b3yeTcst TPy J1eTUpo-
BaHUH Al-Mg-CIIJ1aBOB /151 ITOJTyYeHH sl KOHCTPYKIIKOH-
HBIX MaTePHUAJIOB B a9POKOCMHYECKOM, aBUAI[HOHHOH,
060POHHOM ITPOMBILITIEHHOCTH.
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JIMOKCU T, IUPKOHUS 06/1alaeT YHUKAJIBHBIM COde-
TaHHEM Pa3HOPOLHBIX CBOMCTB: BHICOKOK ITPOYHOCTEHIO,
TPeIINHO-, H3HOCO- U TePMOCTOMKOCTBIO, bHoIoruye-
CKOM COBMECTHMOCTEIO M T. 71,

Llenpio HacTOSIIeH paboTel 6bLIO CO3ZAHME C IIOMO-
IIbI0 MeTofa SPS M3 HAaHOIUCIIEPCHOTO MTOPOIIKA THOK-
CHJla LM PKOHUS IVIOTHOM U TBEPAOH KePAaMUKH C MeJl-
KO3epHHUCTOH (IIOpsiIKa MUKPOHA) CTPYKTYPOH.

OMUCAHUE SKCMEPUMEHTAJIbHbIX YC/IOBUM

B JaHHBIX KCCIeJ0BAHHU X MCII0Ib30BaJICS HAHOIIOPO-
HIOK AHUOKCHIa LUPKOHUS Z10,, CO3MaHHBIK POCCHH-
cxo dupmort "Tlna3moTepm” (3mech IIOPOIIKY CHHTE3H-
PYIOTCS B IOTOKE TEPMHYECKOH [1JIa3MEI, TeHepHPpyeMOk
B 3/IeKTPUYeCKOM pa3psize). Ha puc.l npuBeseHa snek-
TPOHHA$5I MUKPOCKOITHSI 3TOT0 HAHOIIOPOIIIKA.

CpeqHHI pasmMep YaCTHIL, MCXOJHOTO IOPOIIKA
coctaBisin d~40-70 HM, a yZie/IbHasI IIOBEPXHOCTD 6bITa
S~15-25 m?/r.

ITopomIok ob1afan ciefAyomuMU cBorcTBaMu: CAS
HoMep 1314-23-4, yucrota 99,5%, 1iBeT - 6esbly, dopma
4acTul, chepruyecKkasi, IOPOUIOK IOJTHIHUCIIEPCHBIH.
OyHKLIMS pacrpe/ie/ieHH sl YacTHI] 110 pa3MepaM 6113Ka
K JIorapru$MHIecKH HOpMa/IbHOH.

J7151 3TOro MOPOIIKA ClIeKaHKe IIPOBOI/IOCH Ha yCTa-
HoBKe Labox "Sinter Land" MI'mJI CO PAH MeTomom
37IeKTPOMCKPOBOTO CIIeKaHHU S (TOpsidero mpeccoBaHU s
C HCII0/Ib30BaHHEM CIIeKalollel HMCKPOBOK I1J1a3MBbl)
(Spark Plasma Sintering - SPS), Korga HMIIYIbChI

Puc.1. 2neKmpoHHAs MUKpocKonus UCX00H020 HAHONOPOWKA
O0UOKCUOA UUPKOHUS

Fig.1. Electron microscopy of the initial zirconium dioxide
nanopowder

3JIeKTPUYECKOr0 TOKA IIPOXOASAT Yepes 3apaHee CIIpec-
COBAHHBIH MOPOIIOK (B JTaHHBIX 3KCIIEPHMEHTaX CHIa
TOKa JOCTHTaja 2 KA IIPH OJAHHOM HAIIpSKeHUH
3-4 B). OCHOBHBIM OoTIHYKeM SPS oT TPagUIIMOHHOIO
npeccoBaHus (IIPH IIOC/Ie0BATeIbHBIX IPeCCOBAHUU
M CIIeKaHUU) SIBJseTCs NOoABeJeHHe UMIIYIbCHOIO

INTRODUCTION

Different properties of the nanocrys-
talline and coarse-grained materials
depend not only on small size grains
of nanocrystalline material but also
on the special state of their surface
or grain boundaries [1].

Manufacturing of small grain
size ceramics made of nanoscale
powder is one of the ways to develop
nanotechnologies. It is assumed
that such nanoceramics will have
some special properties (e.g., super-
plasticity [2]) as compared with the
ceramics made of coarse-grained
material.

It is well known that the smaller
the ceramics grains are and the
more developed their grain structure
is, the harder and more solid the

ceramics is. At the same time the
stable and hard-to-break agglomer-
ates of nanoparticles used for ceram-
ics manufacturing [3] are present in
nanopowders, and it is necessary
to apply non-standard methods for
their compaction (for example, the
hot-pressing method).

The current state of research in
nanoceramics made of different
nanopowders is sufficiently well
described in [4-6] and in the author’s
works [7-16].

In this paper we present the
research in ceramics prepared of zir-
conium dioxide nanopowder.

Zirconium dioxide is used in the
composites, ceramics compound,
glasses, emanels, abrasives and
polishing and high-temperature

electrodes (in power plants). It
plays an important role in optics
as a photocatalyst and lens coating
that retains ultraviolet radiation.
It usually is used as the substrates
and dielectric layers in electronic
devices, protective coatings, opti-
cal reflective coatings, wear-resis-
tant coatings of instrument parts,
refractory material for aircraft and
rocket engines, as a component of
multilayer coatings of laser mirrors
and beam separators, feedstock and
an intermediate product in the pro-
duction of Zr or its compounds. This
substance is also used as ceramic
pigments and insulating materi-
als, in functional radio ceramics, in
the production of catalysts in petro-
chemistry and organic synthesis, in
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3/IeKTPHUYeCKOro ToKa HeIIoCpeICTBEHHO K 06pa3Lly, 4To
CI1ocobCcTByeT OBICTPOMY HarpeBy IIOPOLIKA U COXpaHe-
HHIO B 3HAaUHMTE/IbHOMU CTeIleHH er0 MUKPOCTPYKTYp-
HBIX IIaPAMETPOB B KOHCOTMAMPOBAHHOM MaTepHalie.
INpeccoBaHMe ITPOBOAM/IOCH ITPA MaKCHMaJIbHOM TeMIIe-
patype 1500°C u maBnenuu 40 MIla. CKopoCcTh Harpesa
6b11a 100°C/MUH, BBIAEPKKH IIPU MaKCHMaJIbHOM TeM-
nepatype He ObLII0.

Ha 3/1eKTpOHHOM CKaHHUPYIOLIeM MUKpocKorie ZEISS
EVO-50WDS-XVP-BU UTIIM CO PAH mucciemoBalHCh
CKOJIBI KEPAMMKH I10CJIe HATIBIIGHMS Ha HUX CJ1051 307I0Ta.

MUKpPOTBEpAOCTH BceX 06pa3LioB KepaMUKU HCCTIeN0-
BaJjlach C [IOMOLIBI0O MUKPOTBepAoMepa IIMT-3.

PE3Y/IbTATDI
JlmaMeTp U TONIIHHA [I0/TyYeHHBIX 06pa3Ii0B KePaMUKHU
COCTaBJISIIN 9,6 U1 3,2 MM.

Kax rmoxkasasa 3/1eKTPOHHas CKaHHUPYIoIllas MUKPO-
CKOIIM S CKOJIa KePaMUKH, pa3Me] 3epeH I101yueHHOU
KepaMUKH IOpsiika 1 MKM, TO €CTh C IIOMOIIBI0 MeToAa
SPS co3maHa Me/IKO3epHHUCTas IIJIOTHAS KepaMHKa.

MHUKPOTBEPAOCTD [T0JIy4YeHHOM KepaMHUKH 0Ka3alach
BeCcbMa BbICOKOM — Hv=24 I'TIa. I CpPaBHEHUS, MUKPO-
TBepAOCTb KepaMUKH, II0OYyUYeHHON HaMU B pabore
[20] TpamuIIOHHEIM criocoboM (IIpH IIOC/Ie0BATEIIb-
HBIX IIPECCOBAHUH U CIIeKaHUH) U3 HAHOJHUCIIEPCHOTO
ropoiuka ZrO, ¢ pasmepoM 4acTull 20 HM IpU MaKCH-
MaJIBHOM TeMIlepatype criekaHus 1500°C, 6s11a 14 I'Tla,
a MHKPOTBepJOCTb KPYIIHOLHCIIEPCHON KePaMHKH,
[0JIy4YeHHON TPaJULIMOHHBIM MeTOJOM H3 KPYIIHO-
IHCIIEPCHOrO ITopomKa ZrO, ¢ pa3MepoM dacTulj bosee
4000 HM, OKa3aaach paBHOM nuIIb 4,8 I[Tla.

TakuM o0bpa3om, C MOMOLIBI0 METOAA 3JIeKTPO-
HCKPOBOro CriekaHus (SPS) Ha 0CHOBe HAaHOPa3MePHOT0
IIOPOIIKa AUOKCHIA LIMPKOHUS CO3/laHa MeJIKO3epHHU-
cTas (mopsiaka 1 MKM), IIJIOTHAs, IPOYHas KepaMHuKa
C MUKPOTBepIocThio 24 I'TIa.

Asmop sblpaskaem 6aazodapHocmy A.I.Axucumosy, B.U.Manu
uB.A.EmenbKuHy 3a nomoub 8 pabore.
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jewelry, in piezoelectric elements.
It is used in impurity doping Al-Mg
alloys to obtain structural materi-
als in the aerospace, aviation and
defense industries. Zirconium diox-
ide has a unique combination of dis-
similar properties: high strength,
crack, wear and heat resistance, bio-
logical compatibility, etc.

This work is aimed at production
of dense and solid ceramics with
fine grain (about 1) structure made
of nanodisperse zirconium dioxide
powder by SPS method.

RESEARCH METHODS
For this research chosen was
the zirconium dioxide (ZrO,)

nanopowder produced by
"PlazmoTherm", a Russian com-
pany (they synthesize powders in
the thermal plasma flow gener-
ated in electrical discharge). Fig.1
shows an image of zirconium diox-
ide nanopowder obtained by elec-
tron microscopy.

The average size of particles
equals d~40-70 nm, and their spe-
cific surface is S~15-25 m?/g.

The powder has had following
properties: CAS number - 1314-23-4,
purity - 99,5%, white colour, spher-
ical form of particles, polydisperse
powder. Distribution of particles by
sizes is close to logarithmically nor-
mal function.
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Agglomeration of the pow-
der was accomplished with the
aid of Labox "Sinter Land" instal-
lation in Lavrentyev Institute of
Hydrodynamics of SB RAS using
the SPS method (hot-pressing
together with the spark plasma
sintering) when electrical pulses
were applied to the previously hot-
pressed powder (in these experi-
ments strength of electrical cur-
rent reached 2 kA at applied voltage
of 3-4 V).

The SPS method differs from the
traditional pressing (wWhen pressing
and sintering are carried out sequen-
tially) by applying pulsed electric
current directly to a sample in order
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to heat the powder rapidly and pre-
serve, to a considerable extent, its
micro-structural parameters in the
consolidated material. Hot-pressing
was accomplished at the maximum
temperature of 1,500°C and 40 MPa
pressure. The heat rate was equal
to 100°C/min without any expo-
sure at the maximum tempera-
ture. Ceramic chippings were stud-
ied with ZEISS EVO-50WDS-XVP-BU
electron scanning microscope in
the Khristianovich Institute of
Theoretical and Applied Mechanics,
SB RAS, after spraying a gold layer
on them. The micro-hardness of all
ceramic samples was studied with
PMT-3 microhardness tester.

RESULTS

The diameter and thickness of the
obtained samples are 9.6 mm and
3.2mm, correspondingly.

Electron scanning microscopy of
the ceramic chippings shows that
grain sizes of the obtained ceramics
is about 1, in other words, the SPS
method enabled to obtain the fine-
grain solid ceramics.

The micro-hardness of the
obtained ceramics appears to be very
high (Hv=24 GPa).

For the sake of comparison: the
microhardness of the ceramics pre-
pared by the traditional method [17]
(by sequential pressing and sinter-
ing) from the nanodispersed ZrO,

powder with particle size of 20 nm
when sintering at maximum tem-
perature of 1500°C was 14 GPa while
the microhardness of coarse ceram-
ics prepared by the traditional
method from coarse ZrO, powder
(particle size exceeds 4000nm) was
equal to 4,8 GPa only.

Thus, the fine-grained (grain
size is about 1p) dense and solid
ceramics with microhardness of
24 GPa made of nanoscale zirco-
nium dioxide (ZrO,) was prepared
by SPS method. [ |
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