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Today, there are many papers showing the effectiveness of the use of carbon nanotubes as additives to composites.
Their use in polymers is especially successful, but the efficiency of their use in ceramics poses many questions. The aim
of the work was to study the effect of the addition of carbon nanotubes on the properties of ceramics. For this purpose,
pure silica, obtained by the hydrolysis of tetraethoxysilane in an alkaline medium, was taken as a model. The obtained
granules of the material were well sintered at 900 ° C and it was decided to compound this material with carbon nano-
tubes. Depending on the method of introducing, the result turned out to be diametrically opposite. Nanotubes intro-
duced during the synthesis of silica played a role in the formation of silicon dioxide grains and effectively compacted
the material, increasing its hardness. On the contrary, nanotubes grown in ceramic pores wedged the grain of silicon
dioxide, making the material softer. In the first case, it is important to note that the synthesis of ceramics is not affected
by the synthesis of nanotubes. In turn, nanotubes always affect the process of forming ceramics. This influence leads to
a change in the structure of the grains of ceramics, and as a consequence of the mechanism of interaction between
them, which in turn changes the density and strength of the ceramics.

In the second case, in order to grow nanotubes in the pores and cavities of the ceramic material, one must first im-
pregnate the ceramic material with a catalyst. Thus, there is a requirement for a precursor of the catalyst — the absence
of its interaction with ceramics. The second requirement is for inertness of the ceramics, both to the catalyst and to the
entire synthesis process. In addition, it is necessary that the structure of the pores does not change during the synthesis,
i.e. they did not close during the synthesis of nanotubes, but provided transportation of the starting materials and reac-
tion products.

Therefore two mechanisms that affect the formation of a composite ceramic material have been described. The
described composite can be used in the rocket and space industry for compounding ceramic fairings and thermal insu-
lation.
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Ha cezo0nswnuii 0env cywjecmsyem MHONICECMB0 pabom, NOKA3LI8AIOWUX IPPeKmueHocms UCHOTbI0BAHUA Yaie-
POOHBIX HAHOMPYOOK 8 Kauecmee NpUcaoox Kk komnosumam. OcobenHo yOauHo UxX npuMeHeHue 8 Noaumepax, 0OHAKO
aphexmusHocms UX UCNONL306AHUA 8 KEPAMUKAX OCMAGIAEM MHO20 60npocos. Llenb cmamuvu — usyuenue e1usaHus 0o-
Oasxu y2nepoOHbIX HAHOMPYOOK Ha ceolicmea Kepamuku. /s amozo 6 kauecmee MoOenbHOl cpedvl ObLl 835 YUCTNbLL
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Texnonozuueckue npoyeccost u mamepuaiiol

KPEeMHE3EM, NOLYUEeHHbIN MEMOOOM 2UOPOIUZA MEMPAIMOKCUCUTARA 8 WelouHOl cpede. Tlonyuennble epanyivl Mame-
puana xopouto cnexanucy npu 900 °C, u 6bL10 peuteno KOMRAyHOUPOSams Mom MAmepual yenepoOHbIMU HAHOMPYO-
Kamu. B sasucumocmu om cnocoba 8éedenust pe3yrbmam okazaics OUAMempaibio RpomueononoxcHvim. Harompyoru,
8800UMbIe 8 NPOYecce CUHME3d KPEMHEe3EéMA, Uuepaiu poib 8 opMupo8anuu 3épeH OUOKcuod KpemHust u 3¢hekmueno
VILOMHSAU MAMEPUAT, NOGbIUAsL e20 meeépoocmsb. Hanpomue, HanompyoOKu, suipaweHtble 8 NOpax Kepamuki, packiu-
HUBAU 3EPHA OUOKCUOA KPEMHUSA, OMUE20 MAMEPUAL CMAHOBUICS MAzue. B nepsom criyuae sasxcno ommemums, umo
Ha npoyecc GopMupoBanus KEPaAMuKY He gIusem CUHme3s HaHompyook. B ceoio ouepeds, nanompybku écezoa enusiiom
Ha npoyecc opmMuposanuss Kepamuxu. Dmo GuusHue npugooum K USMEHEHUr) CMpPYKMypol 36peH Kepamuku u, KaK
cneocmeue, MexanusmMa 63auMOO0CliCEUss MEXHCOy HUMU, HMO, 8 CE0I0 0Uepedb, MeHAen WIOMHOCMb U NPOUHOCHb
KepamuKii.

Bo emopom cnyuae, umobul évipacmums HAHOMPYOKU 6 NOPAX U RONOCMAX KEPAMUUECKO2O0 MAMEPUANd, HYNCHO
npescoe HanuMamy Kepamuieckuti mamepuan kamaiuzamopom. Takum o6pazom, 603HuUKaem mpebosaHue K npeKypco-
Py Kamaauzamopa — 3mo Omcymcmeue 3aumooelicmeust e2o ¢ Kepamuko. Bmopvim mpebosanuem, ouesuono, 6ydem
AGNAMBCS. MPebosaHUe K UHEPMHOCU KePAMUKU, KaK K KAmaiuzamopy, max u Ko écemy npoyeccy cunmesa. Kpome
mo2o, Heobxo0uMo, Ymobbl 8 NPoYecce CUHME3A He MEHIACL CIMPYKIMYPA Nop, M. e. OHU He 3aKPbIBAIUCH 8 NPoyecce
cunmesa Harompyook, a 00ecneHueaI Mpancnopm UCXOOHbIX MAMEPUALOs i NPOOYKIMOE PeaKyuu.

Taxkum obpazom, ObLIU ORUCAHBL 08 MEXAHUZMA, GIUAIOUWUE HA GOPMUPOSAHUE KOMAOZUMHO20 KePAMUHECKO20
mamepuana. Onuceléaemulii KOMROZUM MOXCem Oblb UCTONb306AH 8 PAKEMHO-KOCMUYECKO Ompaciu Oisi KOMINAYH-
OUPOBAHUSL KEPAMUYECKUX obmeKamenell u meniou30isayul.

Kniouesvie crosa: Keapyeeast Kepamuka, yeﬂepodeze Haﬂompy61<u, KOMNno3umHsvle Mmamepuaibl.

Introduction. The unique properties of carbon nano-
tubes such as their strength and chemical resistance [1; 2]
determine the interest in their use as an additive to various
materials for the production of composites. At present
time, there are a lot of works [3—8] showing the efficiency
of the use of carbon nanotubes as additives to composites.
Their application in polymers is especially successful
[9-12], but the effectiveness of their use in ceramics
leaves many questions. For example, direct mixing of
ceramic particles with carbon nanotubes leads to a dete-
rioration in the strength of a composite with an increase in
the proportion of nanotubes [13] and only using them in
materials with a large proportion of the amorphous phase,
including glass and crystalline glass [14], increases the
strength of such a composite.

Materials used and experiment. Carbon nanotubes
were obtained from ethanol [15] on a [Ni (NH3)s]Cl, pre-
cursor at a temperature of 600 °C.

As a model ceramics, we used quartz ceramics pro-
duced from a slurry of aqueous ammonia and tetracthox-
ysilane obtained by annealing in colloid suspension. The
structure of such ceramics is grains of amorphous SiO,
(fig. 1) with the size of 200-500 nm. Ceramic material
was obtained by hydrolysis of tetracthoxysilane followed
by sol-gel precipitation and annealing at 900 °C.

Since the efficiency of direct mixing of nanotubes
with ceramic particles does not always give an effective
result, and it is very difficult to achieve uniformity of dis-
tribution of nanotubes in this case, the authors used only
two methods, which guaranteed uniform mixing. On the
one hand, carbon nanotubes can get into ceramics during
its formation from a suspension, and on the other hand,
carbon nanotubes can already be placed in ceramics by
growing them in pores and cavities of the material.

To implant nanotubes into ceramics at the growth
stage, the following method was used. The nanotubes
were dispersed by ultrasound in 2-propanol to obtain a
stable colloid. Then dispersion containing 0.1 mas. % of
nanotubes was added to tetraethoxysilane in a volume
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ratio of 1:10, respectively. After that, ammonia was added
to the mixture, and the suspension was recieved by
agitation. The suspension, after drying, was annealed
at 900 °C.

The growth of nanotubes in ceramics was provided by
introducing a catalyst into the pores of ceramics annealed
at 900 °C and was carried out at a temperature of 600 °C
from ethanol. The catalyst was added into ceramics
by impregnating the finished material with a precursor.

Results. In fig. 2 photographs of received materials
are presented. On the left, there is a composite obtained
by synthesizing ceramics in a dispersion of carbon nano-
tubes, on the right, there is a composite with carbon nano-
tubes grown in the pores of ceramics.

As you can see, with the same amount of substance,
completely different volumes of material are obtained. It
should be noted that the density of ceramics obtained by
synthesis from a dispersion with carbon nanotubes is less
than without nanotubes (or with nanotubes grown in the
pores of the finished ceramics). This decrease in density is
determined by the addition of carbon nanotubes during
the synthesis of ceramics and is explained by the fact that
carbon nanotubes, having a high specific surface, lower
the free energies of the formation of ceramics on their
surface. Thus, they act as a catalyst for the growth of ce-
ramics.

Measuring the hardness of ceramic composites clearly
indicate the hardening of ceramics obtained on carbon
nanotubes, compared with the original, at the same time,
the growth of carbon nanotubes reduced the strength of
carbon nanotubes (see table).

Vickers ceramic hardness

Type of ceramic Vickers hardness number

Without CNT 300 MPa
Ceramics made with carbon 1 GPa
nanotube dispersion

Ceramics with CNT grown in 200 MPa

pores
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Fig. 1. Quartz ceramics. Scanning electron microscopy

Puc. 1. KBapueBas kepamuka. PacTpoBast a1eKTpoHHAST MUKPOCKOITHS

Fig. 2. Quartz ceramics, the samples of equal mass. On the left there is a composite
obtained by synthesizing ceramics in a dispersion of carbon nanotubes, on the right there
is a composite with carbon nanotubes grown in ceramic pores

Puc. 2. KBaprieBas kepamuka, o0pa3isl paBHOi Macchl. CiieBa — KOMITO3UT, MOy YEHHBIN
CHHTE30M KePaMHKH B JUCIIEPCUH YIJIEPOAHBIX HAHOTPYOOK, CIIpaBa — KOMIIO3UT
C yIIIEpOIHBIMH HAaHOTPYOKaMH, BBIPAILCHHBIMH B IOPaxX KEPAMHUKU
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A significant increase in the hardness of ceramics nanotubes. That is in the colloid, the formation of silica
grown on the basis of carbon nanotubes (fig. 3, @) is ex-  particles proceeded not only in volume, but also on the
plained by the more dense structure of the original ce- surface of carbon nanotubes, which led to a significant
ramic grains, which was created by a matrix of carbon compaction of the entire material after annealing.

1 MEM

Fig. 3. Composite based on quartz ceramics:
a — ceramics obtained with carbon nanotubes; b — ceramics with grown carbon nanotubes in it

Puc. 3. Kommo3ur Ha 0CHOBE KBapIleBOil KEPaMUKU:
@ — KepaMHKa, BbIPaIlleHHasi Ha OCHOBE YIJIEPOAHBIX HAHOTPYOOK;
06— Ke€paMHuKa C BbIpalllcCHHbIMU YTJICPOAHBIMU HaHOpr6KaMPI
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The decrease in the hardness of ceramics with carbon
nanotubes grown (fig. 3, b) compared to the initial one
can be explained by the deformations in ceramics that
occur with the growth of carbon nanotubes, which have a
wedging effect on grains.

Conclusion. In this work, carbon nanotubes were
placed in ceramics either during its formation from a sus-
pension, or by growing them in pores and cavities of ce-
ramics.

In the first case, it is important to note that the synthe-
sis of nanotubes does not affect the formation of ceramics.
Nanotubes always influence the process of forming ce-
ramics. This influence leads to a change in the structure of
the ceramic particles, and as a result of the mechanism of
interaction among them, which changes the density and
strength of ceramics.

. In the second case, in order to grow nanotubes in the
pores and cavities of a ceramic material, you should first
saturate the ceramic material with a catalyst. Thus, there
is a requirement for a catalyst precursor — the lack of its
interaction with ceramics. The second requirement is the
inertness of ceramics, both to the catalyst and to the entire
synthesis process. In addition, it is necessary that the pore
structure does not change during the synthesis, i.e. they
did not close during the synthesis of nanotubes, but pro-
vided the transport of starting materials and reaction
products.
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