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C NoMoLLbIO MeToAa 31eKTPOUCKPOBOro crekaHms (SPS) Ha ocHOBe HAaHOpPa3MEpPHOro MopoLIKa oKCUAa
Meam co3gaHa MesiIKo3epHuUCTas kepamuka, 6osee TBepgas (c mukpoTeepgocTbio 7,1 MMa), yem kepamuka,

nony4vyeHHasa TpaguunNOHHbIM cnoco6om.

Fine-grained ceramics based on copper oxide nanopowder was prepared using spark plasma sintering (SPS)
method. It is harder (with microhardness of 7.1 GPA) than ceramics obtained by the conventional method.

BBEAEHUE

OmHOM K3 BaKHEMIIMX 33ala4 B HAHOTEXHOJIOTHSIX
SIBJISIeTCSI CO3[aHHe KePAMHUKH, I10/1y4aeMOk U3 HaHO-
Pa3MepHBIX IIOPOLIKOB, B KOTOPOK Y/IaeTCsI COXPAHUTh
O4YeHb MaJible pa3Mephl 3epHa. M3BecTHO, 4TO 4eM
MeHBbIIIe PasMep 3epeH KepaMUKH U yeM bosble pas-
BUTA 3€pHUCTAs CTPYKTYypa, TeM IIpOUHee U TBepxKe
KepaMHKa. OJHAKO B HAHOIIOPOIIKAX, UCIIOIb3YeMBbIX
IJ1S1 TIOJIyYeHU sl KepaMHUKH, CYILeCTBYIOT YCTOMYHBbIE
TPyAHOpa3pyllaeMble arjioMepaThl HaHO4aCTHUI] [1],
O/ pa3pylleHHs KOTOPBIX HY>XKHbI HeCTaHJapTHbBIe
MeToJbl KOMIIAaKTUPOBAHHUS (HallpUMep, MeTOZ, Fopsi-
Yero IIpecCoBaHUS).

CoBpeMeHHOe COCTOSIHHE HCC/IeJOBAHUI I10 HAHOKe-
paMIKe, CO3aHHOM U3 Pa3/lTHUYHBIX HAHOIIOPOIIKOB,
JOCTaTOYHO XOpoLIo 0TobpaskeHo B paboTax (2, 3] u Apy-
THX, B TOM 4HCJIe aBTopa [4-11].

B maHHoOM paboTe HccienyeTcsi KepaMHUKa, CO3MAHHAS
13 HAaHOIIOPOIIKA OKCUA MefIH.

HaHooKcH Me[ ! SIB/ISIETCSI I POKO UCIIONb3yeMbIM
MareprasaoM. Ero MpUMeHSIOT Kak XUMHUYeCKHUI KaTa-
JTH3aTOp U KaTaJIM3aTOP FOPeHUS pAaKeTHOIO TOIIMBA.
Kpome Toro, 3TOT MaTepHas UCIIOIb3yIOT B CBEPXIIPOBO-
OSIIUX U TepMO3/IeKTPUYeCKUX MaTepHaax, a TAKKe
B KaueCcTBe MUMIMeHTa JJIs CTeKoJ, KePaMHUKHU U I/1a-
3ypH. [IppMeHsieTcs OKCH/ MeIu U B aHTHKOPPO3HOH-
HBIX IIOKPBITHSIX, OH BXOAHUT B COCTAB Pa3/JIHMYHBIX
KPacoK, He I103BOJISIIOIMIKNX 00pacTaTh MOJBOJHBEIM
YacTsIM MOPCKHUX M Pe4YHBIX Cy[oB. Hcmonb3yercs

B 3JIeKTPOTEeXHUYeCKON IPOMBIIIIEHHOCTH. Kpome
3TOro, HAaHOpPa3MepHBIe MeJbCOJePsKAIl e TOPOIIKH
NPUAAIT TPALULIMOHHBIM MeJULIMHCKUM MaTepHa-
naM 3¢ deKTUBHbIe OHOIIM/IHBIE CBOMCTBA U IIPUTOLHEL
IJISL CO30AHUSI MaTepHasIoB MeIULIMHCKOIO HJIK HHOTO
Ha3Ha4YeHUs (TaKK, KPaCcKH U AP.), 0671afaI0IIUX aHTH-
6aKkTepHaIbHBIMU CBOMCTBAMH [12].

Lesnbio paboTsl 6b1/I0 [T0TyYeHHe KePaMUKH U3 HAHO-
IIOPOIIKA OKCHJa MeoH MeToLom SPS (Spark Plasma
Sintering), IpoBefeHO HCC/IelOBAHMeE [10y4eHHOHN
KepaMHKH U CPaBHEHHE ee CBOMCTB C XapaKTePUCTH-
KaMU KepaMHKH, [I0JIy4eHHON PaHee TPAJUIIHOHHBIM
crroco6oM (ITpHU CyXOM ITPeCCOBAHHHU C HECKOTBKUMHU
LMK/IaMHU "Harpys3Ka-pasrpyska’ u IocjiefyoliuM
CIIEKaHHEM).

METOAWKA 3KCMEPUMEHTOB U PE3YJIbTATDI
MHKPOTBEpAOCTh KepaMHUUYEeCKHX 00pasIioB, IOy~
YeHHBIX pPaHee TPAaJAHULIMOHHBIM cIlocobom, Ipu
Thax= 800°C cocTasnsia 6,5 ITla.

B mpoBefeHHBIX JKCIepHMeHTaX HKCIIONIb30-
BaJICS MOPOIIOK, CO3AAHHBIN POCCUHICKON GUPMOU
"Ilna3moTepm" (MOPOMIKK CHHTE3UPYIOTCS B IIOTOKE
TepMHUYeCKOU IJ1a3MBbl, TeHepUpyeMOH B 37IeKTpHye-
CKOM paspsfie) o CPeJJHUM pa3MepoM ChepruUecKHux
yactull 80 HM U y,uenLHoﬁ IIOBEPXHOCTBIO Syn =20 M2/r.
Homep CAS 1317-38-0, uncToTa 99+ %, L1BET ~ UePHBIL.

®a30BBIM COCTAB: CMeCh OKUCH MeJHu CuO U 3aKHCH
Menu Cu,O. TTopomIoK MOTUAUCIIepPCHBIN. OyHKUIUS
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NANOMATERIALS

pacIpezesieHHs YacTHI] 110 pa3MmepaM 6/1K3Ka K jiora-
pHUPMHUUECKH HOPMaJIbHOM.

Ha puc.1 mpuBesieHa doTorpadus obpasiia UCXOA-
HOTO HaHOIIOPOIIKA OKCH/IA MeIH, IOTy4YeHHas MeTo-
JIOM 3/1IeKTPOHHOH MHUKPOCKOITHH.

B HacTosimen paboTe crmekaHHe MPOBOJHUJIOCH
Ha ycTtaHoBKe Labox "Sinter Land" MI'mJI CO PAH meTto-
JIOM 3/1eKTPOUCKPOBOIO CIieKaHHU S (Topsidero rpeccoBa-
HHSI C KCTI0/Ib30BAaHHEM CIIeKaIOIeH HCKPOBOH I1/1a3Mbl)
SPS, mpy KOTOPOM MMIIY/IbCHI 3JIeKTPUYLCKOI0 TOKa
IIPOXOJAT Yepe3 3apaHee CIIPeCCOBAHHBIN ITOPOIIOK
(B HAHHBIX 9KCIIEPUMEHTaX CHa TOKa JOCTUTaIa 2 KA
[IpU [IOAAHHOM HaIpsKeHUHU 3-4 B). OCHOBHBIM OT/IH-
ureM SPS 0T TpaJHLIMOHHOTI'O ITPeCCOBAHMSI (ITPH I10C/Ie-
JO0BaTeJIbHBIX [IPeCCOBAHUU U CIIeKaHUM) SIBISETCS
oA BeJeHHe HMITY/IbCHOIO 3JIeKTPUYeCKOr0 TOKa Hero-
CPeACTBEHHO K 00paslly, YTO CII0COOCTBYeT OBICTPOMY
HarpeBy IIOPOLIKA K COXPAaHEHHIO B 3HAUHTe/IbHOK CTe-
[IeHH er0 MUKPOCTPYKTYPHBIX IIapAaMeTPOB B KOHCOJIH-
JHPOBAaHHOM MaTepHaJie. [IpeccoBaHHe IIPOBOLUIOCH
IIpU MaKCHMaJIBHOU Temmeparype T, = 900°C 1 faBie-
HuHU 40 MITa. CROpPOCTh Harpepa cocTasisiia 100°/MuH,
BBI/IeP>KKA 00pa31ioB IPH MaKCUMaJIbHOM TeMIlepaType

Puc.1. 2nekmpoHHas Mukpockonus UCX00H020 HAHONOPOWKA
oKcuda meou
Fig.1. Electron microscopy of the initial CuO nanopowder

Ha 3/1eKTPOHHOM CKAaHUPYIOIEM MHKPOCKOIIE
ZEISS EVO-50WDS-XVP-BU UTIIM CO PAH uccinenoBa-
JTUCB CKOJIBI KEPAMHUKH I10C/Ie HAIIBIJIEHHU S Ha HUX CJI0SI
30710Ta. MHUKPOTBEPAOCTh BCeX 06pa3lioB KePaMHUKH

He ITPOBOAMJIACDH.

INTRODUCTION

One of the most important tasks in
nanotechnologies is to develop ceram-
ics from nanosized powders where
it is possible to preserve very small
grain sizes. It is well known that
the smaller the ceramics grain size
and the more developed the granu-
lar structure, the stronger and harder
is the ceramics. However, nanopow-
ders used to prepare ceramics contain
stable hard-to-break agglomerates
of nanoparticles [1], which require
non-standard compacting methods
(for example, hot pressing). The cur-
rent state of research in the field of
nanoceramics prepared from various
nanopowders is sufficiently shown
in [2, 3] and others, including the
author’s works [4-11].

This paper is devoted to research
of the ceramics obtained from copper
oxide nanopowder.

Copper nanooxide is a widely used
material. It is applied as a chemi-
cal and propellant fuel combustion

MCCJIeI0OBAIACH C IIOMOLIBI0 MUKPOTBepaoMepa [IMT-3.

catalyst. Besides, copper oxide is used
in superconducting and thermo-
electric materials and also as a dye
for glasses, ceramics and enamels.
Moreover, this material is applied in
anti-corrosion coatings, various anti-
fouling paints preventing biofouling
of sea and river vessel hulls. Copper
oxide is used in electrical industry.
In addition, nanosized copper-con-
taining powders impart effective bio-
cidal properties to traditional medi-
cal materials and are suitable for cre-
ating materials of medical or other
applications (varnishes, paints, etc.)
with antibacterial properties [12].
The aim of this work was to
obtain ceramics from copper oxide
nanopowder by the SPS (Spark
Plasma Sintering) method. The
obtained ceramics were studied and
their properties compared with the
characteristics of ceramics obtained
earlier by the traditional method (dry
pressing with several load-unloading
cycles and subsequent sintering).

EXPERIMENTAL METHODS AND
RESULTS

Microhardness of ceramic sam-
ples obtained earlier by the tradi-
tional method is equal to 6.5 GPa at
T, = 800°C.

In the experiments we used a pow-
der created by the Russian company
"PlasmoTerm" (powders are synthe-
sized in a thermal plasma flow gen-
erated in an electric discharge) with
an average size of spherical parti-
cles of 80 nm and a specific surface
area Sy, = 20 m?/g. CAS number is
1317-38-0, purity is 99+%, black color.

Phase composition: a mixture of
copper oxide CuO and copper oxide
Cu,0. Polydisperse powder. The parti-
cle size distribution function is close
to logarithmic-normal.

Figure 1 shows a photograph of
the initial copper oxide nanopow-
der sample obtained by electron
microscopy.

In this work, sintering was car-
ried out on a Labox "Sinter Land"
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facility of the Lavrentyev Institute
of Hydrodynamics of the Siberian
Branch of the Russian Academy of
Sciences by the electrospark sinter-
ing (hot pressing using a sintering
spark plasma) SPS method, in which
electric current pulses pass through
a pre-compressed powder (in these
experiments, the current reached
2kA atvoltage of 3-4 V).

The main difference between SPS
and traditional pressing (sequential
pressing and sintering) is the supply
of a pulsed electric current directly
to the sample, which contributes to
the rapid heating of the powder and
the preservation to a large extent of
its microstructural parameters in

the consolidated material. Pressing
was carried out at a maximum tem-
perature T, ., = 900°C and a pres-
sure of 40 MPa. The heating rate
was 100° / min, and the samples
were not kept at the maximum
temperature.

On a ZEISS EVO-50WDS-XVP-BU
scanning electron microscope of the
ITAM SB RAS, ceramic chips were
studied after a gold layer was depos-
ited on them. The microhardness of
all ceramic samples was investigated
using a PMT-3 microhardness tester.

According to the data of X-ray
phase analysis, the copper oxide CuO
phase predominated in the obtained
ceramics.
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As a result of sintering by hot
pressing from a nanosized cop-
per oxide powder, a ceramic with
a fine-grained structure was
obtained, the average particle size
of which did not exceed 100 nm.

The microhardness of the
obtained ceramics (H, = 7.1 GPa)
turned out to be somewhat higher
than that of the ceramics obtained
by the traditional method (with
H, = 6.5 GPa). n
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