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Alumina-based ceramic materials are widely used in technology. Like all ceramic materials they are
characterized with low impact viscosity. They are fragile materials and are limited in application.
We aimed to improve physical and chemical properties of ceramics in order to wider application. It
was known, that usually ceramic composite is used in grain size material and physical-mechanical
properties of the materials are improved by reducing grain size of the powder composites to nano-
size and by adding reinforcing components. In the present paper we offer simplified technology for
obtaining alumina ceramics, reinforced with a-alumina, final powder composite, received with
modification of carbon nanostructures during the process of synthesis. It was connected to the matrix
substance in charge by C-O-AL bonds providing their homogeneous spatial distribution. In ceramics
obtained as a result of consolidation of the powders, carbon fragments were equally distributed in
the entire matrix of alumina that caused an increase of flexural strength and crack-resistance of the
material. The proposed new way to prepare the charge simplifies technological process, decreases
energy consumption, duration of synthesis. It requires less financial expenses. As a result we
investigated and obtained alumina based ceramic materials reinforced with graphene oxide (GO)
and reduced graphene oxide (RGO) (1.5 wt. %) and with improved microstructure and mechanical
characteristics. Modern devises were used: Electronic and optical microscopy, X-ray structural and
granulometric analysis, UV, FTIR and Raman spectroscopy. Determinination of physical-
mechanical characteristics of the reinforced ceramics were carried out according to International
Standards (ISO and ASTM). © 2022 Bull. Georg. Natl. Acad. Sci.
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Alumina-based ceramics is the most widely used insulation, corrosion

material for manufacturing ceramic construction

resistant) properties and

mechanical characteristics  (hardness, high-

nodes and products for various purposes due to its
cheapness, accessible to raw materials, good match
of physical-chemical (high thermal and electrical

temperature strength). However, alumina-based
ceramics has one disadvantage. Ceramic materials
are not plastic and have lower impact strength. Over
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the years, the interest of researchers working in the
field of production of ceramic composite materials
was focused on increasing the plasticity of ceramics
and development of energy storage technologies.
Transition metal compounds: oxides of magne-
sium, zirconium, yttrium and titanium, carbides or
nitrides of silicon and titanium are most commonly
used to durable corundum ceramics [1]. In order to
obtain high strength and crack-resistant alumina-
based ceramics, it is hecessary to have a thoroughly
developed methodology for obtaining initial
powder composites. The way of obtaining the
initial precursors, their purity, sizes of crystallites,
etc. have great influence on the physical-
mechanical characteristics of the final product
(ceramics). Recrystallization of the pressing fine-
grained crystalline structure should be excluded
during the consolidation of the charge, for which
the reinforcement of charge with different dopants
is often applied [2]. With confidence that the
discovery of 3D and 2D carbon derivatives [3] due
to their unique properties — high mechanical
properties, thermal and electrical conductivity — has
radical impact on the development of technologies
of ceramic composite materials for various
functional purposes.

The studies showed, that even the addition of
carbon nanostructures with small amount drama-
tically improves the mechanical properties of the
product, while maintaining the advantage of
alumina ceramics. Graphene acts similarly to
inorganic dopants (MgO, ZrO,, SiC, etc.) in the
composite material and also acts as an inhibitor of
alumina [3,4], enabling them to reduce the
sintering temperature (which is due to the Nano-
size of the components of charge). Graphene and
graphene oxide due to their high mechanical
properties, significantly improve the mechanical
properties of the composite [5,6], and in the case
of impact deformation they act as an elastic
damper, because the shock wave scattering is
performed on carbon structures [7,8]. Thus, the
reinforcement of alumina oxide with various
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structural modifications of carbon (graphene,
graphene oxide, nanotubes, etc.) due to the wide
range of properties of nano-carbon structures
allows creating a new generation multifunctional
highly demanding composite ceramic materials
based on alumina.

Experimental

Synthesis of graphene oxide and reduced
graphene oxide. Synthesis of graphene oxide
was conducted by intercalation method from
graphite. Graphite flakes (2g) were mixed in
50 mL of HSOs (98%) and potassium per-
manganate (6 g) very slowly during 1 h. The flask
is kept under at ice bath (27-35°C) with continuous
stirring. After 1 h 100 ml water was added in the
mixture. Then stirring continued again about 1 h
and 20 mL H,O, was added. After washing and
filtration, the mixture centrifugation was done.
Stable graphene oxide suspensions were obtained
which was used as reinforcement materials in
ceramic composite.

Synthesis of reduced graphene oxide. The obtai-
ned GO was mixed with 100 mL of water and
sonicated for 1 h using an ultrasound homogenizer.
The obtained suspension was treated in microwave
and reduced graphene oxide powder was collected.

Preparation of pressing powdery composites.
Two different composites were prepared separa-
tely: mixtures of a-Al,O3/ graphene oxide (1.5%
mas.) and a-Al;Os/ reduced graphene oxide. H2O
was added into mixtures and homogenization was
carried out by nanomill during 24 h. Then the
mixtures were dried and placed in press form.

The structure of the obtained nanocomposites
was studied by XRD (Diffractometer DRON-3M),
Ultraviolet-visible “DRAWELL” DU-8600R, Ele-
ctronic microscope, Raman spectra were registered
with a Raman microscope Nano finder High End
(Tokyo Instruments). Microhardness and modulus
of Al,O3 were studied according to 1SO-14577
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international standard at dynamic ultra-micro hard-
ness tester DUH-2118S.

All measurements were conducted at room tem-
perature.

Results and Discussion

Alumina is material which is widely used to obtain
ceramic matrix composites. High temperature
vacuum furnace (OXY-GON) was used for obtai-
ning of them. Alumina based ceramic composites
were obtained in the OXY-GON furnace: a-Al,Os3,
a-Al,03-GO, a-Al,03-RGO.  Sintering tempera-
ture —1400-1600°C, sintering time was 20-60 min
at max temperature. Refrigeration of graphite
pressure-shape was conducted in inert atmosphere.
The obtained corundum product has black color,
due to thermal dissociation and formation of defect
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Fig. 2. Micrographs of alumina based ceramic composites.
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lattice of Al>O; in vacuum. To avoid this, product
with defect structure was annealed in high
temperature furnace at air (1600°C, 1 h). Physical-
mechanical and structural-morphological study of
the obtained materials was conducted.

As an electronic micrographs (Fig. 1) showd the
average number of GO or RGO layers are 10-30 nm
and graphene oxide particles sizes are approximatly
50-70 nm in suspension.

Ceramic samples with various thickness and
cylindrical diameter forms were obtained. (Fig. 2)
Their microhardness was established at dynamic
and static conditions. Microhardness is relatively
high at small load and its value falls when the load
increases and achieves at stationary value. Some
physical-mechanical parameters of the obtained
composite materials are given in the Table.

WD15mm__ SS60
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Table. Physical-mechanical properties of composite ceramics reinforced with graphene oxide and reduced

graphene oxide

Sample Density Open porosity , | Water absorption Microhardness, Flexural
g/lcm?® % % GPa strength
(200 g) GPa
a-Al203 3.94-3.96 0.08-0.11 0.03-0.05 12 300
a-Al203-GO 3.98-4.00 0.02-0.04 0.03-0.05 16.9 385-410
(1.5% mas.)
0-Al203- RGO 3.95-4.00 0.01-0.03 0.03-0.05 18.4 380-400
(1.5% mas.)

Conclusion

Ceramic matrix composites were obtained by
consolidation of powder composites in high
temperature vacuum furnace OXY-GON. The
following powder composites a-Al,Os, a-Al2Os-
GO, 0-Al;03-RGO were treated by ball milling.
Ceramic products, obtained by sintering at 1400-
1600°C (1 h, 50 MPa), are characterized by high
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flexural strength (380-450 MPa), microhardness,
fracture toughness and with no open porosity.
Relative density achieves 99.5% of the TD.

The work was supported by Shota Rustaveli Na-
tional Science Foundation of Georgia (SRNSFG)
(Grant number YS-18-181).
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5¢990bol mJbogol gmdgbg boboMdsmz560

656mLEHOWIEHMHgd00 ©EM306MHYdYMo IM935¢Rwb309Mo
39650030 3m33mboEgoM®mo Foboagrgdols Jomgds s

33030

®. 3939b0dg’, b. Xseommbos’, . J5wsEMBodzowo’, M. s5MBMsAY”,
6. oMbzgmody’, . dcm3mBogs”

“beabyBols 0gmos 3934958 50 D05-H976030b 0bUAHOAZIA0, 0B0rolo bsgstGoag9eme

(560960605 53509300 §9360L . Bo@B0s830¢ol Joge)

396500310 AsLsgErgdo s¢evydoboll mJiool Bdgbg BsGMME gsdmoyghgds dgEbogMmgdols s
39gbo3ol AMsgsero BodsMmrengdom, M3 39630MmMdYdmmos dsmo Nbogserm®o JodomGo s
30D03M-0935603M0  030U909800, Jop™sd, MmaMOE gzgwd  39MsFo3Mer  Bslogosl, s
3Bl VIO EIMEYIoMNO LOdEBEY, Mol a58ma olbobo §sby3mmgbgds dgogg dolis-
@Bl s 86083690m3bso BOm©sgl Fsmo s9mygbgdols sMgoel. 58 Tsbisergdol obogm-
09560360 Fobsliosmgdergdols govgdxmdgligds Fgliodergdgos EsLFBgbo gbgzbommgsbo 3md-
3mbo@gdol 0smE33wgdol bsbm Bmdgdsdg syzsbom s Lbgsslibgs Lsbol LEMMIEmGol
dJmbg bsghmgdol Bstagoom (0ss@dotmgdgmo 3md3mbgb@ndo). bsbBoMmdsmgsbo bBsbmldmd-
A6l  50dmBgbsd — aM9x360L MmJoo(GO) ©s smEagbowo Msxgbol mJuioEo(RGO),
60rgdlsg 3998605 mYli-EmgMmdom (36mMdogn Tsbsengdls FmMols My3mMOEIMs Tomsgro  dgds-
603100, gegdEHOHMo ©d MdNMHO TsboliosmgdEgdo, oo dodyo JobEs 33390l YomO-
XMoo BoBoINM-893ob03MMo 030L9dgd0L ddmbg Mg eMbIsor@o sbodbmEgdols
©5 58 LEHOHYIBHMOIP0m SMHToMPMEO  JgM3803MEo  AoLoErgdol  Bolsrgdo. Fobsdgdstg
6536mddo  990m0935HgdMos B5bToMBdEOL BabMliGHMIBHMMId0m sGIoMYPdIEo  Servdobol
mdbogol 39Ms9030l Jogdol 39303700 BHgdbmemmyos, GMIEOL EOMLSE LsdMmEMMm
gbgboemgsbo 3md3mbo@ol — a-sgrdoboli mgliool Lobmgbol 3Mmglidogy asbbmMzogms
dobo JodoyMo dmEonoEoMgds dsEm3omgdgmo 6sb3oMmdswmzsBo LEMYIGWMgdom, GmIwgdos
339080 ds@MmoEwe 6030009690l ©svY39380MEs C-O-AL  d37000m, G33s3 MBMHMB3gmym dsmo
960093503560 LogMEmo bsfogrgds. 50 GHodol abgzbogdol 3mbbmeoEssool Jggys©
Jogdee 3965303580 BBT0MBMIBO  BMRTIBEHI0  3bdMsE 0gbs  goIBsfogdmmo
5¢03060L Mmool doger FsGH®M0Esdo, M3953 BN FoLogErgdol LodE 305 WMB3sLs S dBs6-
970093d5%g. 3530l dMIbsgdol G90Mmz5BYPMEo gbs BY3ME 395MBH0390L Bgdbmenmayon®
36m3gLl, s930MRL gbgMmEsbabstxgdl, Lobmgbol bsbymdmogmdsl s, dglisdsdolis, dmo-
obmgl 6536790 50bsBLM ©IBIBGRGOL. (f0bsdgdsey Bs8MMAOL ToBBL Fomdmswpgbls a6s-
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33960L mJdlooms s s®Eagbomo Msxgbol mdioom 963330390 (1.5 L. %) 3gMsdo-
39o  3sbsengdol domgds sgrmdobol mJloEol BMAgby, Fsmo  FoIGMLEHGMIBHMGOLS ©s

09560360 Fsbolioscgdergdols 33e93s. 9Ju3gHodgb@Enee 331939000 §s3mygbgdywos 0sbsdgw-
6cgg 0bLEOHYIBGHYEo dgomEgdo: gergdEMHMbmmo s M3E03MO B0zMMbM305, MHBERIbM-
LEAHOMIBHMOMWO s HBMWMIYEHOHYEO 565¢ODO, Mo-, off- s M3TBL3YIEBHMMLZM30s. Gobo-
3996-8995603900 FsbsliosmgdEgdol gsblsbmzms BsdsMs LsgMmsdmmolim bEsbosmEgdol (ISO
¢35 ASTM) 89L50590L5¢0.
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