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AHHoTanus: C IOMOIIBIO METOZA 3JIEKTPOHUCKPOBOTO clleKaHUs (OMC) Ha 0CHOBe HAHOPA3MepPHOI'0 IIOPOIIKA
OKCHIa MOoIMbOeHa co3maHa MeJIKO3epHHCTas (HOpSIILKa 0,5-1 MKM), m1oTHas (4,57 r/cm3), IIpoyHas (npe,/:[en
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CERAMICS PREPARED FROM MOLYBDENUM OXIDE POWDER:
PROPERTIES AND PRODUCTION BY SPS METHOD

-

Abstract: Strong fine-grained ceramics (0.5-1 pm) based on molybdenum oxide nanopowder was prepared using
spark plasma sintering (SPS) method. It has density of 4.57 g/cm?, compressive strength of 0.1 CPa, and Young
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modulus 60 GPa with microhardness of 2.1 GPa.
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BBE/LIEHUE
OTIHUYHUS MeX1y HAHOKPUCTA/UIMUeCKMMHU U KPYyII-
HO3ePHHUCTBIMH MaTepHalaMU B YIPYTHUX, JeMIdU-
PYIOLIMX, IPOYHOCTHBIX, TEIIJIOBBIX, 3/IeKTPUUECKUX,
MarHUTHBIX U A1UGOY3MOHHBIX CBOMCTBAaX 00yC/I0B-
JIeHBI He TOJIBKO MaJ/IbIM Pa3MepOM 3epeH B HAHOKPH-
CTa/J/IMUeCKUX MaTepHasax, HO U 0COOBIM COCTOSI-
HHeM [1I0BePXHOCTH HMJIM IPAaHMUIL] 3epeH B HUX [1].
OIHUM K3 HallpaB/JIeHUH HAaHOTeXHOJIOT UK SIBJISIeTCSI
co3faHHe KepaMHKH, [10y4aeMOk 13 HaHOPa3MepPHBIX

INTRODUCTION
The differences between nanocrystalline and coarse
grained materials as regards elastic, damping,
strength, thermal, electrical, magnetic and diffu-
sion properties depend not only on the small grain
size in nanocrystalline materials, but also on a spe-
cial surface state or grain boundaries in it [1].

One of the nanotechnology trends is production
of ceramics from nanoscale powders in which very
small grain sizes can be retained. It is expected
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[IOPOLIKOB, B KOTOPOM YHaeTCsl COXPAHUTb OUeHb
MaJible pa3Mepsl 3epHa. [IpefrionaraeTcs, YTo HaHOKe-
paMuKa byzmeT 06/1a1aTh He TOJIBKO CBOMCTBAMU Kepa-
MUKH, [IOJIy4eHHOM U3 KPyIIHO3ePHUCTBIX MaTepHa-
JI0B, HO U HEKOTOPbIMM yHHUKA/IbHBIMU (HallpUMep,
CBEPXILIACTHYHOCTHIO [2]).

H3BeCTHO, YTO YeM MeHblIIe Pa3Mep 3epeH KepaMHUKHU
1 yeM OOJIbIIIe pa3BUTA 3€PHUCTAs CTPYKTYpa, TeM IIpoY-
Hee 1 TBepsKe KepaMHKa. BmMecTe c TeM B HAHOIIOPOIIKAX,
KICIIO/Ib3YeMBIX JIJI5 [IO/TyYeHU s KePAMHUKH, CYIIeCTBYIOT
YCTOMYMBBIe TPYAHOPa3pyllaeMble arjioMepaTsl HAaHO-
yacTui] (3], uTo TpebyeT MprMeHeHH s HeCTaHJAPTHBIX
MeTOJ0B KOMIIaKTHPOBaHHUS (HallpUMep, MeToza Fops-
Yero peccoBaHHUS).

CoBpeMeHHOe COCTOSTHHe MCCTIe/I0OBaHH I 10 HAHOKepa-
MHUKe, CO3/JaHHOM 13 Pa3/IMYHBIX HAaHOIIOPOIIKOB, 10CTa-
TOYHO XOPOIIO 0TobpaskeHo B paboTe [4] 1 Ipyrux, B ToM
4ucie aBropa [5-11].

Ha 3ToT pas ucciefyeTcss KepaMHKa, CO3JaHHas
13 HAaHOIOPOIIIKA OKCH/Ia MOTTHO/IeHa.

Okcun monubnena (VI) MoO; HCII0/Ib3YeTCs B IIPOM3-
BOJICTBE MeTa/l/TH4YeCcKoro MonrbaeHa (KOTOPBIH CIIYy>KUT
Kak 106aBKa B CTa/Ib U KOPPO3MOHHO-CTOMKHE CIIIaBbI),
SIBJISIeTCS CO-KaTaIM3aTOPOM JJ1sI MCII0/Ib30BAHMS B ITPO-
MBIIIIJIEHHOM ITPOM3BOJCTBE aKPUIOHUTPHUIIA, IIPHMe-
HSeTCSI B 3/IeKTPOXUMHUYECKHX YCTPOKCTBAX U JUCIIESX,
WICIIONB3YeTCs 1J1s1 KOMIIOHEHTOB I7Ia3yper U IMTMeHTa-
LMK KpacHTesnex.

Llenblo HacTosIel PaboTsl 6bLI0 CO31aHHUE C [TIOMO-
110 MeTofa SKC 13 HaHOIKCIIEPCHOTO IIOPOIIKa OKCH/IA
Monu6/eHa IJIOTHOM U TBepIOH KePaMHKH C MeJIKO3ep-
HUCTOH (MeHee MUKPOMETPA) CTPYKTYPOH.

OMUCAHUE SKCMEPUMEHTA

B IaHHBIX HCC/IEOBAHUSX HUCIIONI30BAJICS HAHOIIOPO-
IIIOK OKCH A MonK6meHa MoO;, CO3aHHBIN POCCHICKOH
dupmoit "HoBocubupckue HaHOMaTepHransl' (NskNano)
(3eCh MOPOLIKK CHHTE3HPYIOTCS C IIOMOLIBIO J/IeK TP Ye-
CKOTO0 B3pPBIBA ITPOBOSHUKA (IBII)).

CpenHUI pa3Mep YacTHI] UCXOIHOTO ITOPOIIIKA COCTAB-
7151 d=90-110 HM.

[Topomok obnazan clemyoIUMU CBOMCTBAMU:
YUCTOTA 98%, LIBET ~ >KeIThIH, PopMa dacTUl] chepude-
CKasl, KPUCTA/UITMYeCKas CTPyKTYpa — OpTopoMOrYecKast.

JIJ151 3TOro MOPOIIKA CIIeKAHKe ITPOBOAI/IOCH Ha yCTa-
HoBKe Labox "Sinter Land" UT'uJl CO PAH MeTomoM
37IeKTPOKCKPOBOTO CIIeKaHUS (TrOpsiYero IIpeccoBaHHUS
C UCIIONB30BAHKEM CIIeKAIONeH HMCKPOBOK IIIa3MBl)
(Spark Plasma Sintering - SPS), Korzia KMITy/IbCHI /1€K-
TPUYECKOI0 TOKA IIPOXOIST Yepe3 3apaHee CIIPeCCOBaH-
HBIN IIOPOIIOK (B JAHHBIX SKCIIEPHMEHTaX CHJIa TOKa
IOCTHUIaNa 2 KA NP MOJaHHOM HaIlPS>KeHUH 3-4 B).
OcHoBHBIM oT/IYKeM DHC 0T TpagHIIOHHOI'O [IPECCOBA~
HUSI (ITIPH II0C/IeI0BATEIBHBIX [IPECCOBAHUH U CIIEKAHHUH)
SIBJISIETCSI IO BeleH e UMITYIbCHOTO 3/IeKTPUYECKOr0

that nanoceramics will not only have the prop-
erties of ceramics obtained from coarse-grained
materials, but also some unique ones (such as
superplasticity [2]).

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

The state of the art on nanoceramics prepared
from various nanopowders is fairly well documented
in papers [4-6] and others, including the author
[7-13].

In this paper a ceramic produced from molybde-
num oxide nanopowder has been studied.

Molybdenum oxide (VI) MoO; is used in produc-
tion of metallic molybdenum (which serves as an
additive to in steel and corrosion resistant alloys). It
is a co-catalyst for use in the industrial production
of acrylonitrile, applied in electrochemical devices
and displays, and used in glaze components and pig-
mentation dyes.

The aim of this work was to create dense and hard
ceramics with a fine-grained (less than micron)
structure from molybdenum oxide nanodisperse
powder using the SPS method.

DESCRIPTION OF THE EXPERIMENT

In these studies, molybdenum oxide MoO; nanopow-
der created by the Russian company Novosibirsk
Nanomaterials (NskNano) was used (here powders
are synthesized using an electrical conductor explo-
sion (EVP)).

The average particle size of the initial powder was
d=90-110 nm.

The powder had the following properties: purity
98%, colour yellow, spherical particle shape, ortho-
rhombic crystal structure.

For this powder sintering was carried out on
Labox "Sinter Land" unit of IGiL SB RAS by the
method of spark plasma sintering (hot pressing with
the use of sintering spark plasma, SPS), when pulses
of electric current pass through the pre-compressed
powder (in these experiments the current strength
reached 2 kA at a voltage of 3-4 V). The main differ-
ence of SPS from conventional pressing (successive
pressing and sintering) is the pulse electric cur-
rent directly applied to the sample, which results
in rapid heating of the powder and largely preser-
vation of its microstructural parameters in the con-
solidated material. The pressing was carried out at
different maximum temperatures (670 and 750° C)

Vor.15No.12022 NANO INDUSTRY



HAHOMATEPUANDI

TOKa HeIIOCPeACTBeHHO K 00paslly, UTO CII0CO6CTBYeT
OBICTPOMY HarpeBy IOPOIIKA U COXPAaHEHUIO B 3HAUHU-
TeJIbHOM CTelleHH er0 MUKPOCTPYKTYPHBIX I1apaMeTpPOB
B KOHCOMMAMPOBAHHOM MaTepuaje. IIpeccoBaHue IIpo-
BOJIMJIOCH IIPH Pa3sHBIX MaKCHMMaJIbHBIX TeMIIepaTypax
(670 u 750°C) u maBneHuu 40 MIla. CKOpOCTh Harpesa
00bI4HO 6b171a 100°/MHH, BBIAEPKKA ITPH MaKCHMaJIbHOM
TeMIlepaType - 3 MUH.

MUKPOTBEPAOCTH BCeX 06pa3LioB KepaMHUKU HUCCTIeN0-
BaJ1ack C [IOMOII[bI0 MUKPOTBepaoMepa ITMT-3.

ITpenen mMpOYHOCTH Ha C’KaTHe U MOIY/Ib YIIPYTOCTH
IOHTa ompeesIkCh C IIOMOILBI0 MAIIKMHBI IJIS IIPOY-
HOCTHBIX HCIIBITAaHUHN MaTepuanoB Zwick/Roell
Z005 (TepMaHUs).

Ha 371eKTpOHHOM CKaHHUPYIOIIEeM MHUKPOCKOIIE
ZEISS EVO-50WDS-XVP-BU HUTIIM CO PAH ucciemosa-
JIMCh CKOJIBI KePaMUKH I10C/Ie HAMbLIEHH S Ha HUX CJI0S
30JI0Ta.

PeHTreHorpapuyeckoe MCCaeJoBaHHe II0JYYeH-
HOM KepaMHUKH IIPOBe/IeHO C IOMOIIbI0 AHUdpPaKTOMe-
Tpa HZG-4 ¢ MmoHOXpoMaTHYecKUM Cu-Ko-KM3/IyueHHeM,
[IPX CKOPOCTH 3aIlMCH 2 IPAJ/MUH, HalpsiKeHUU 35 KB
1 TOKe 35 MA.

PE3Y/IbTATbI U OBCY)XKAEHUE

JuaMeTp U TOIIIMHA [I0y4YeHHbIX 00pa3LioB KePAaMHUKH
cocrassnu 10,4-10,5 MM 1 1,8-1,9 MM, a IVIOTHOCTH Kepa-
MUKH - 4,57 r/cMm3 (0THOCUTeIbHAS [IJIOTHOCTb — OTHOCH-
TeJIBHO TabJIMYHOM [VIOTHOCTHU — Ob171a 0,974).

PeHTreHorpapuyeckoe Hcclaef0BaHUE IIOJIyYeH-
HOM KepaMHUKH II0Ka3aJio, 4To obpaser ImpencTas-
nseT cobou okcupg Monubrerna MoOs (35-609) ¢ opTo-
poMmOKUecKoi CTPYKTYPOH, IIPOCTPAHCTBEHHOM I'PyII-
nort Pbnm (No. 62) 1 pasmepaMu peutetku a=3,963 A,
b=13,856 A u c=3,6966 A.

Ha puc.l mpuBegeHa 3/eKTPOHHAsI CKaHHUPYIO-
IIasi MHKPOCKOIIKSI CKOJIa KepaMUKHU IIpu T, =670°C.
BugHO, UTO pa3Mep 3epeH IIOAy4YeHHON KepaMHUKH
ropsaka 0,5-1 MKM, TO eCThb C IToMoIIbio MeToga SHC co3-
JlaHa MeJIKO3epPHMCTas IIJIOTHAs KepaMHUKa.

MUKPOTBEPAOCTh IOJYYEeHHOM KepaMHUKHU
npu T.,,,=750°C oka3anach CPaBHHUTEIbHO BBICO-
Ko -~ Hv=2,1TTIa.

ITpeser MPOYHOCTH Ha CKaTHe I107y4eHHOMN KePaMUKHU
6b11 05=0,1TTIa, a Mofy/b ypyroctu FOHra - E=60 I'Tla.

TakuM o06pa3om, C IIOMOIIBI0O METOZA 3IeKTPO-
MCKPOBOIO CIIeKaHMS Ha OCHOBE HaHOPa3MepHOIO
[IOPOIIKA OKCH/IA MOIKUOIeHA CO3JaHa MeIKO3epHHUCTAs
(mopsimka 0,5-1 MKM), IJIOTHASI, IIPOYHAsI KepaMHKa
C MHUKPOTBepIoCThio 2,1 ITla.
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Puc.1. 3AeKmpoHHAs CKaHUpYoWas MuKpockonus cKoad kepa-

muku, cneqenrHoti npu T, ,,=670° C
Fig.1. Electron scanning microscopy of ceramic chippings at
T.,=670°C

max

and pressures of 40 MPa. The heating rate was, typ-
ically, 100°/min and the holding time at the maxi-
mum temperature was 3 min.

The micro-hardness of all ceramic samples was
studied using a PMT-3 micro-hardness tester.

The compressive strength and Young's modulus
were determined using a Zwick/Roell Z005 strength
testing machine (Germany).

Chippings of ceramics were sputtered with gold
and, afterwards, studied with the aid of a ZEISS
EVO-50WDS-XVP-BU electron scanning microscope.

X-ray examination of the obtained ceramics was
carried out using a HZG-4 diffractometer with
monochromatic Cu-Ka radiation, a recording rate of
2 deg/min, a voltage of 35 kV and a current of 35 mA.

RESULTS AND DISCUSSION

The diameter and thickness of the obtained ceramic
specimens were 10.4-10.5 mm and 1.8-1.9 mm, and
the ceramic density was 4.57 g/cm? (relative density
(relative to the table density) was 0.974).

X-ray diffraction study of the ceramics showed
that the sample is MoO; (35-609) with an ortho-
rhombic structure, space group Pbnm (No. 62)
and lattice dimensions a=3.963 A, b=13.856 A and
€=3.6966 A.

Fig.1 shows electron scanning microscopy of
ceramic chippings at T,,,=670 °C. It can be seen
that the grain size of obtained ceramics is about
0.5-1 pm, i.e. using SPS method a fine-grained
dense ceramic was created.
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NHOOPMALIUSA O PELIEH3UPOBAHMU

Penmakiys 671aroqapuT aHOHMMHOTO pelleH3eHTa (peLieH-
3€HTOB) 3a UX BKJIaJl B PeLleH3UPOBaHUe 3TOM paboTshl,
a TaK>Ke 3a pa3MelleHHe CTaTed Ha CaKTe KypHasa
U I1epeavy Ux B 3/IeKTPoHHOM BHie B HO5 eLIBRARY.RU.
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Jeknapauus o KoH(pAuKme unmepecos. Asmop 3assasem o6
0MCymcmauu KOHPAUKIOB UHMEpPecos UAL AUMHBLX OMHOUEHUL,
KOmopble Mo2Au bbt nosAUAMbL Ha pabomy, npedcmasAeHHyto 8 daHHOL
cmanbe.

The micro-hardness of the ceramics obtained
at Tp,.,=750 °C turned out to be relatively high
(Hv=2.1CPa).

The compressive strength of the ceramics
obtained is g5 =0.1 GPa and the Young’s modulus is
E=60 GPa.

Thus, using the SPS method on the basis of nano-
sized molybdenum oxide powder, a fine-grained
(about 0.5-1 pm), dense and strong ceramic with
micro-hardness of 2.1 GPa was obtained.
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