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APPLICATION OF ELECTROCONSOLIDATION OF POWDER COMPONENTS
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The possibility of application of electroconsolidation for production of ultradenced ceramics based on
AlO, and ZrO, (3% Y,0,) compounds is studied. As a result of the conducted researches optimum
values of process temperature at which the best parameters of Al,O, and ZrO, (3% Y,0,) ceramic
properties are reached: the apparent density — 3.98 and 6.08 g/cm?, bending strength — 350 and
800 MPa, fracture toughness — 4.0 and 8.0 MPalth®*® respectively are established. The researches of
a ceramics microstructure are found that high parameters of Al,O, and ZrO, (3% Y,0,) properties
are defined by dense and fine-crystalline structure.

Keywords: electroconsolidation, ceramic materials, mechanical properties, thermal shock resistance,
microstructure, SEM analysis.

NPUMEHEHHUE 3JEKTPOKOHCOJUIALNUHU MMOPOIIKOBBIX
KOMITIOHEHTOB JIJIS1 HOJIYYEHUSA OCOBOILUIOTHOM KEPAMUKHA
ALO, u ZrO, 3% Y,0,)

C.10. Caenko, E.A. CBeraanunbliii, K.B. JIo0au
Hzy4ena BO3MOKHOCTh IPUMEHEHHUSI SNIEKTPOKOHCOIHIAIINH JJIS IOy YE€HHST 0COOOIIIOTHOM KepaMHUKH
Ha ocuose ALO, u ZrO, (3% Y,0,). B pe3ysnbrare NpoBeI€HHBIX UCCIIEAOBAHNN YCTaHOBIIEHBI OII-
TUMaJIbHBIE 3HAYCHUSI TEMIIEpaTyphl poIiecca, IPH KOTOPBIX TOCTUTAIOTCSI HANOOIbIINE TIOKa3aTeH
cBoiicTB kepamuku Ha ocHoBe AL O, n ZrO, (3% Y,0,) kaxymascs miotHocTh 3.98 u 6.08 r/cm’,
npezaen npounocty npu u3rude 350 u 800 MIla, koadduureHT nHTeHCHBHOCTH HanpsbkeHuid 4.0 n
8.0 MITal’ cooTBeTcTBeHHO. MCClieOBaHUSIME MUKPOCTPYKTYPbI KEPAMHUKH YCTaHOBJICHO, YTO
BbICOKHME TIoKa3arenu cBOoKCTB AlLO, u ZrO, (3% Y,0,) Onpenensiorcs mIOTHOH M METKOKPUCTAI-

JMYECKOM CTPYKTYPOH.
KnioueBsble cjioBa: 3IEKTPOKOHCOMUAAINS, KEpAMUIECKUE MaTepHallbl, MEXaHUUYECKHE CBOICTBA,
TEPMOCTOMKOCTh, MUKPOCTPYKTypa, SEM ananuza.

3ACTYCOBAHHS EJIEKTPOKOHCOJIJALIl MOPOIIKOBAUX KOMIIOHEHTIB
JIJIA OTPUMAHHSA OCOBJUBOIIIJIBHOI KEPAMIKH ALO, Ta ZrO, (3% Y,0,)
C.J0. Caenko, €.0. Cpitauunmnii, K.B. Jlo6au

BuBueHa MOXIUBICTD 00 BUKOPUCTAHHS €IEKTPOKOHCOINALi1 A1 OTPUMaHHS 0COOIMBOIIIIBHOT
KepaMiKH Ha OCHOBI A1203 Ta Zr0, (3% Y203). 3a pesynpraraMy HaBeIeHUX JOCIiPKEHh BCTAHOBIIEHO
ONTUMAJIbHI 3HAYEHHS TEMIIepaTypH MPOLECY, IPH SIKUX OCITaloThCs HAO1IbII MOKa3HUKH Biac-
THUBOCTEH Kepamiku A1203 Ta Z10, (3% Y203): ysIBHA IIITbHICTE 3.98 Ta 6.08 r/cM?, MiIIHICTh Ha BH-
ruH 350 Ta 800 MIla, koedinient inTencuBHOCTI Hanpyr 4.0 Ta 8.0 MITal®® BignosigHo. J{ocmiz-
KEHHSIMH MIKPOCTPYKTYpH OyJIO JOBEIEHO, IO BUCOKI TMOKa3HUKK BractuBocted AL O, ta ZrO,
(3% Y ,0,) Bu3HAYaIOTHCS MIILHOKO Ta IPIOHOKPUCTAIIIYHOK CTPYKTYPOKO KEPAMIKH.

Kuamo4oBi cioBa: exexTpOKOHCONIIAIlisA, KepaMidHi Marepiaid, MeXaHiuHi BIACTHBOCTi, TEPMO-
CTiHKiCTB, MiKpOCTPYKTYpa, SEM anamizy.

INTRODUCTION
Recently the technologies of constructional ceramics
production for the solution of various technical tasks
are widely developed all over the world. One of
leading position among studied materials possess
ceramic materials based on Al,O, and ZrO,
(3% Y,0,) compounds [1 —4].

Traditionally ceramic materials are produced
from powder materials by various methods using

such as formation and sintering. Depending on a
form and the size of products, their purpose and the
set properties apply different types of pressing, slip
casting in plaster molds, extrusion, casting under
pressure from thermoplastic slips, etc. [5].

The last operation of ceramics production is high-
temperature sintering at which there is a process of
consolidation of the formed samples. This process
is accompanied by density increase, and also shrin-
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kage of a green body. The kinetics of sintering and
final properties of the solid body significantly depends
on both properties of original powder from which
the product was formed and technology factors such
as temperature of sintering, speed of temperature
raising, exposure time at the maximum temperature
[6].

Last time for production ceramics with high
physicomechanical characteristics are using high-
disperse powders and ways of high-speed heating
which allow to optimize a combination of processes
of the maximum consolidation and the minimum
growth of grain during sintering process. There are
new methods of consolidation of powder materials:
the activated sintering under the influence of an
external field, high-speed hot isostatic pressing,
electropulse sintering under pressure, etc. [7, 8].

Among progressive methods of producing ce-
ramic materials one of perspective is electrocon-
solidation process. At electroconsolidation heating
is carried out by a direct transmission of an electric
current through the graphite elastic squeezed medium
in which one or several samples are placed. Purpose
of the medium is transfer of pressure created by
punches, and ensuring heating of preparations due
to heat allocated at passing of current. The speed of
heating of preparations can reach 200 °C/min. Thus
this process allows to carry out quasiisostatic hot
pressing of powder compositions for minimum short
terms with necessary isothermal endurance at the
maximum temperature up to 3000 °C. Means of ef-
fective control of process are necessary for the tech-
nology using.

In National science center Kharkov Institute of
Physics & Technology the equipment for realization
of process of electroconsolidation is developed. The
equipment provides opportunity to realize techno-
logical process of sintering of powder materials of
different structure, in the medium of inert gases and
in vacuum [9].

The purpose of this work is studying the possibi-
lity of application of electroconsolidation for pro-
duction of ultradenced ceramics on the basis of
Al O, and ZrO, (3% Y,0,).

EXPERIMENTAL PROCEDURE

As the main raw materials were used powder of
alumina (3000 SDP, ““Almatis”, Germany) with a size
of particles of 0.5 microns; and the powder ZrO,
(3% Y,0,) (PSZ-5.2 YB, Stanford Materials Cor-

poration, USA), with a size of particles of 0.04 —
0.07 microns.

For research carrying out the powders were filled
up in forms and formed samples by a method of
unaxial cold pressing under pressure of 100 MPa.
After formation alumina samples were sintered
(electroconsolidation) at a temperature 1500 and
1600 °C, with a speed of heating 100 °C/min and
endurance 30 minutes, and zirconia samples were
sintered at a temperature 1400 and 1500 °C with
similar values of speed of heating and exposure time.

Open porosity and apparent density of samples
were defined according to GOST 2409-95.

Bending strength was determined by a standard
method in compliance with DSTU 3716-98.
Determination of fracture toughness k, was carried
out according to ASTM Standard C 1421-99.

For determination of thermal shock resistance
the EN 820-3:2004 standard was used, according
to which thermal stability characterized by difference
of temperatures /17, at which there was an emer-
gence of cracks in samples.

The researches of microstructure were con-
ducted on an electronic microscope of the trans-
lucent type.

RESULTS AND DISCUSSION

Properties of ceramic samples ALO, and ZrO,
(3% Y,0,) produced at various temperatures, in
comparison with analogous properties of import
analogs are given in the table. From the provided
data it is clear that the samples of Al,O, produced
at a temperature 1500 °C, possess open porosity —
3 —5%, their density makes 3.78 —3.80 g/cm’. The
samples of AL O, produced at a temperature
1600 °C, are characterized by smaller porosity and
higher values of the density — 3.96 — 3.98 g/cm®
that conforms to requirements for ultradenced
ceramics.

The A1, O, samples produced at a temperature
of 1500 °C, possess rather high parameters of
the main properties: 0 = 260 — 290 MPa,
k,,= 3.0 MPalth®?, AT = 300 °C, however is not
compared well with parameters of the samples pro-
duced at a temperature 1600 °C. The Al,O, samples
produced at a temperature 1600 °C, possess pro-
perties which are compared well with the parameters
ofthe samples of import ceramics: 0=350 MPa,
k,.,=3.5—4.0 MPalth®, AT = 300 °C.
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Table
Properties of ceramic samples Al,O, and ZrO,
(3% Y,0,) in comparison with import analogs
Properties of ceramic

ApparentBending| Fracture | Thermal
density, [strengthtoughness| shock
g/em’ |y, MPa Iclql\/[PaWres1stan-
ce 17, °C

Ceramic
brand

Open
poro-
sity, %

ALO,
(1500°C)
NSC
Kharkov
AlLO,
(1600°C)| 0
NSC
Kharkov
AlLO,
Dynamic |
ceramic
(Eng.)
NSC
Kharkov
710,
(3%Y,0,)
(1400°C)
NSC
Kharkov 0

ZrO,
3%Y.,0,)
(1500%C)

ZrO,
(B%Y,0)l 0
Kyocera

(Japan)

3-5 B.78-3.80260-290| 3.0 300

3.96 —3.98 350 |3.6—4.0] 300

395 350 40 -

5.80—-5.86| 680 6.0 -6.4

6.04—6.08 800 |7.6 —8.0

6.00 750 7.0 -8.0

Similarly properties of ZrO, (3% Y ,0,) samples
are changed. With increase in temperature of
electroconsolidation from 1400 to 1500 °C, open
porosity of samples disappears, their density
increases to 6.04 — 6.08 g/cm’, and the main
parameters of properties correspond to level of
import ceramics: 0 = 800 MPa, k,_ = 7.6 —
8.0 MPali®, AT = 400 °C.

As properties of ceramics, substantially are
defined by its structure, for an explanation of the
received results the corresponding researches were
carried out.

In fig. 1 and fig. 2 the microstructure of ultraden-
ced ceramic Al O, and ZrO, (3% Y,0,) is respecti-
vely shown.

From fig. 1 itis visible that the ceramics Al O,
represents very fine-crystalline structure, with a
prevailing size of grains of 1 — 3 pm. Thus the
minimum size of grains of corundum makes 0.5 pm
and maximum—6 pm. Grains have a crystallographic
facet that testifies about completion of process of
crystallization at a temperature of 1600 °C. Borders

Fig. 1. Microstructure of ultradenced ceramic AL O,.

of grains of corundum are very dense, thus on all
volume of a ceramic sample are noticed fine-
crystalline grains of spinel (MgO[Al,O,) with size <
0,5 pm.

From fig. 2 it is visible that the ceramic sample of
Zr0, (3% Y,0,) also has fine-crystalline structure
which consists of well crystal grains of 0.2 —2.6 pmin
size, with a prevailing size of grains of 1.5 microns.

Fig. 2. Microstructure of ultradenced ceramic ZrO,
(3%Y,0,).

As aresult of the carried out researches, the pos-
sibility of application of electroconsolidation for
production ultradenced ceramics Al,O, and ZrO,
(3% Y,0,) is established.

CONCLUSIONS

The possibility of application of electroconsolidation
for production of ultradenced ceramics on the basis
of ALO,and ZrO, (3% Y,0,) is studied. As aresult
of the conducted researches optimum values of
process temperature at which the best parameters
of properties of AlO, and ZrO, (3% Y ,0,) cera-
mics are reached: the apparent density — 3.98 and
6.08 g/cm?, bending strength —350 and 800 MPa,
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fracture toughness — 4.0 and 8.0 MPalh® res-
pectively are established. The researches of a micro-
structure of ceramics demonstrate that high para-
meters of properties Al,O, and ZrO, (3% Y,0,)
ceramics are defined by dense and fine-crystalline
structure.

Developed ceramics are perspective for ap-

plication as constructional materials for various
spheres of science and engineering.
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