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STUDY OF MORPHOLOGICAL FEATURES
OF LITHIUM-CONTAINING CERAMICS OBTAINED
BY SOLID-PHASE SYNTHESIS

This work is devoted to the study of various morphological features of Li Ti, O, ceramics obtained
by solid-phase synthesis and subsequent thermal annealing. Interest in these ceramics is due to the
great potential for their use as materials for breeders or blankets for tritium reproduction. The choice
of synthesis technology is due to the wide possibilities of changing morphological features and el-
emental composition, due to mixing of various components in different stoichiometric ratios. During
the research, it was found that for lithium-containing ceramics, thermal annealing at a temperature of
800°C leads to the following changes: for ceramics with a lithium content of X=0.1-0.2, a change in
shape is observed from rhomboid and cubic to diamond-like and hexahedral, with a sharp increase in
grain sizes, which is associated with sintering processes. An increase in lithium concentration in the
ceramic structure of X=0.3 leads to the formation of large grains, the size of which varies from 300
nm to 500 nm.

Key words: lithium-containing ceramics, solid-phase synthesis, titanium dioxide, agglomerates,
thermal annealing.
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KatTbl pa3aAbik, CMHTE3 apKbIAbl aAbIHFAH AMTHI Oap
KepamMKaHbIH MOPDOAOTUSIAbIK, epeKLLeAIKTepiH 3epTTey

ByA XXyMbIC KaTTbl (ha3aAblk, CUHTE3 XKOHE KEMIHTT TEPMUAABIK KYIAIDPY apKbiAbl aAbiHFaH Li Ti, O,
KepaMMKacCbIHbIH, 9PTYPAI MOPOAOTUSIABIK, €peKLLEAIKTEPiH 3epTTeyre apHaAfaH. bya Kkepamukara
AEreH KbI3bIFYLLbIAbIK, OAAPAbI BpUAEpre apHaAraH MaTepmrasAap Hemece TPUTUIAT KOOEerTy yuliH
OGAaHKETTep peTiHAE NanAAAaHYAbIH YAKEH aAeyeTiHe 6aiiAaHbICTbl. CUHTE3 TEXHOAOTMSIChIH TAHAQY
BPTYPAI CTEXMOMETPUSIABIK, KATbIHACTApPAAFbl PTYPAI KOMIMOHEHTTEPAiH, apaAacybiHa GanAaHbICTbI
MOPQOAOIUSIABIK,  BEATIAEp MEH 3AEMEHTTEepP KypPaMblHblH ©3repyiHiH KeH MYMKIiHAIKTepiHe
6arAaHbICTbI. 3epTTey 6apbiCbiHAA AUTHIA Gap kepamuka yuiH 800°C TemnepaTypasa TEPMUSIABIK,
KYMAIpPY Keaeci e3repictepre akeAeTiHi aHbikTaaAbl: AnTtuin X = 0.1 — 0.2 6ap kepamuka yuiH
dopMaHbIH Ky6TaH rayhap Tepisai >koHe aATbIOYpbIlLKa AeiiH e3repyi 6anKaAasbl, OYA TYMipAEPAiH
MOALLEpPIHIH KYPT apTybiMeH 6aiaaHbicTbl. CoHbIMEH KaTap, 6apAblK, KOHUEHTpaumsAap YuliH
dopmatbiH chepabik, HEMece AEHAPUA Tapi3AiAeH pombouna Hemece KyOka e3repyi 6aikaraabl.
MMilWwiHHIH MYHAQ ©3repyi TOpAafrbl aTOMAAPAbIH >KbIAY TepOeAiCTepiHiH e3repyi HaTMXeciHAe
nanaa 6oAaTbiH ha3anblk, alHAAABIPY NpoLecTepiHiH 6GacTaAybIMEH, COHAAM-aK, HYKTEAIK aKkayAap
MeH KblI3yFa 6arAaHbICTbl. KepammKaabik, KYPbIAbIMAAFbI AUTMIA KOHLLEHTPALMSChIHbIH KOFapblAQybl
X = 0.3 yAKeH ASHAEpAiH nanaa GOAybiHa 9KeAeAl, oAapAbiH, MeAwepi 300 Hm-aAeH 500 HM-Te
AemiH.

TyniH ce3aep: KypamblHAQ AUTWMIA Gap Kepamuka, KaTTbl PasaAbl CUHTE3, TUTaH AMOKCHUAI,
arnomepartTap, TEPMUSIABIK, KYRAIPY.
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UccaepoBaHre MOPOAOTMUECKHUX 0COOEHHOCTEN AUTHUICOAEPXKALLMUX KePaMMK,
MOAYYEHHbIX METOAOM TBepAO(a3HOro cMHTE3a

AaHHas paboTa noceslleHa MCCAEAOBAHMIO PasAMUHbIX MopdoAormueckmx ocobeHHocTen Li
Ti, O, KepamuK, NMOAyYEHHbIX METOAOM TBEPAO(A3SHOrO CMHTE3a M MOCAEAYIOLIEro TEPMUYECKOro
omkura. MHTepec K AaHHbIM Kepammkam OOYCAOBAEH GOAbLUMM MOTEHUMAAOM WX TPUMEHEHUS B
KauecTBe MaTePUarOB AAS BPUAEPOB AWM BAAHKETOB AASI Pa3MHOXEHMS TpuTus. Boibop TexHoAor MK
CUHTEe3a OOYCAOBAEH LUMPOKMMM BO3MOXKHOCTSIMU M3MEHEHUSI MOPOAOTMUYECKMX OCOBEHHOCTEN U
SAEMEHTHbIM COCTABOM, 3a CYET CMELUMBAHWUS PA3AMUHBIX KOMMOHEHT B Pa3HbIX CTEXMOMETPUYECKMX
COOTHOLLIEHUSIX. B X0AE NPOBEAEHHBIX MCCAEAOBaHUIA, ObIAO YCTAHOBAEHO, UTO AAS AUTUICOAEPIKALLMX
KepamMuK TepMuyeckmnin oTxxur npm Temnepatype 800°C NpMBOAUT K CAEAYIOLLMM M3MEHEHUSM: AAS
KepamMuk c coaepxaHvem Antus X=0.1-0.2 HabAlopaeTcs mameHeHne popMbl C POMOOBUAHOM M
KyOMUECKOM Ha aAMa30MOAOGHYIO M LWECTUIPAHHYIO, C PE3KUM YBEAUUEHMEM PA3MEPOB 3epEH, KOTOpoe
CBSI3aHO C MpoLeccamm crnekanms. [pu 3ToM AAS BCeX KOHLIEHTpaLmii HabAloAQeTCst M3MeHeHue (hopMmbl
OoT chepmnyeckon nAU AeHApVIAOI'IOAO6HOl7I DO POMOOBUAHOM MAM Kybuyeckoi. Takoe m3mMeHeHue
(OpPMbI CBA3AHO C MHULMMPOBAHMEM NPOLLECCOB (ha30BbIX MPEBPALLEHWNI, MPONCXOASLLMX B PE3YAbTATE
M3MEHEHUS TEMAOBbIX KOAebGaHWii aTOMOB B PELUETKE, & TakXKe C OTXKMIOM TOUEUHbIX AedEeKTOB
M HarpeBoM. YBeAMYeHME KOHLUEHTPAUMM AMTUS B CTPYKType KepamuKk Bbbke X=0.3 nprvBoaMT K
006pa3oBaHMio GOAbLLMX 3€PEH, pa3Mepbl KOTOPbIX BapbMpyloT B npeaeaax ot 300 HM A0 500 HMm.

KaloueBble cAoBa: AMTMICOAEpPXKALLUME KepamuKM, TBEPAOMA3HbLIA CUMHTE3, AMOKCMA TUTAHA,

aranoMepatbl, TEPMUYECKUI OTXKMT.

Introduction

The use of new types of materials for thermo-
nuclear reactors requires special attention to assess
their applicability, temperature drop resistance,
high-dose radiation load, mechanical strength and
resistance to degradation [1-5]. In case of thermonu-
clear reactors, one of the key points affecting the op-
erability of the reactor is the accumulation and gen-
eration of tritium in the reactor system, as well as
control over its transportation and retention [6-10].
At the same time, one of the most effective methods
of controlling the rate of tritium accumulation is the
use of lithium-containing ceramics, the use of which
allows to significantly increase the efficiency of tri-
tium generation, as well as significantly reduce the
probability of emergency situations to a minimum
and significantly increase the safety of thermonucle-
ar reactors [11-13].

The use of lithium-containing ceramics as a
basis for thermonuclear blankets (breeders) is the
most promising material for these purposes, inter-
est in them is due to such characteristics as a high
release coefficient of tritium, good indicators of
thermophysical and thermomechanical properties,
the ability to withstand prolonged exposure to radia-
tion, in particular neutron radiation, as well as high
temperatures, with different temperature gradients
[13-15]. At the same time, high thermal stability

and chemical stability to external influences makes
lithium-containing ceramics, such as Li,0, LiAlO,,
Li,TiO,, Li,ZrO,, Li,SiO,, the best candidates for
materials for fusion reactors in terms of durability
and radiation safety [16-20].

Based on the above, the aim of this work is to
comprehensively study the effect of stoichiometry
and sintering temperature on the geometry and
shape of particles based on Li Ti, O, ceramics ob-
tained by solid-phase synthesis.

Experimental part

Solid-phase synthesis was chosen as a method
for preparing lithium-containing ceramics with vari-
ous variations of lithium and titanium. This method
is the most effective method for producing ceramics
with uniform size distribution and phase composi-
tion. The method is based on grinding the initial salts
in specified stoichiometric ratios in a planetary mill
or agate mortar to obtain a powder that is uniform in
consistency. At the same time, the use of planetary
mills, in contrast to agate mortars, makes it possible
to carry out phase transformations and obtain solid
substitution solutions, as well as to grind powders to
nanoscale.

For the synthesis of lithium-containing ceram-
ics Li Ti, O, TiO, and LiClO,-3H,0 (99.99 % Sig-
ma Aldrich) were used as initial salts in specified
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stoichiometric ratios. The content of component x
varied from 0.1 to 0.5. After weighing, the initial
mixture was mixed in an agate mortar, and after a
planetary mill at a speed of 400 rpm for an hour. The
choice of the grinding time and the number of revo-
lutions is due to the prevention of thermal heating
and sintering of the samples during grinding.

After mixing and grinding, the obtained samples
were subjected to thermal annealing in an oxygen-
containing atmosphere in the temperature range
from 400 to 1000°C for 5 hours. The samples were
cooled down together with a muffle furnace until
reaching room temperature. The choice of isochro-
nous annealing in such a wide temperature range is
due to the possibility of initiation of phase transfor-
mation processes, as well as the formation of stable
Li,TiO, phases in various structural modifications.

The analysis of morphological features and the
size and shape of particles was carried out using
the method of scanning electron microscopy (JEOL
JEM - 1400 Plus, JEOL, Japan).

Results and discussion

Figure 1 shows SEM images of the studied lithi-
um-containing ceramics after grinding in a planetary
mill with different lithium concentrations.

As can be seen from the presented data, an in-
crease in the lithium content in the structure results
into an increase in the grain size and their coarsening.
For samples with X=0.1, the average grain size var-
ies from 20 to 50 nm, and the formation of dendrite-
like agglomerates of irregular shape is observed. An
increase in the concentration of lithium X=0.2-0.3
leads to an enlargement of the size up to 70-100 nm,
and a rise in the number of dendritic structures. For
samples with a concentration of X=0.4-0.5, the for-
mation of diamond-shaped and spherical particles is
observed, the size of which varies from 50 to 120
nm. At the same time, for these grains, the formation
of small growths in the form of spherical particles,
the size of which does not exceed 10-15 nm, is ob-
served.

Figure 1 — SEM images of lithium-containing ceramics with different lithium content in the structure:
a) X=0.1; b) X=0.2; ¢) X=0.3; d) X=0.4; ¢) X=0.5

Thus, it has been established that an increase
in the concentration of lithium in ceramics upon
grinding under specified conditions leads to struc-
tural transformations and a change in the morphol-
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ogy of ceramics grains, which, in turn, can be as-
sociated with phase transformations and changes
in the structural parameters, as well as the density
of ceramics.
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Figure 2 shows the results of changes in the ture of 400°C does not undergo changes, which
morphology of ceramics during thermal annealing  indicates the absence of sintering processes at
at a temperature of 400°C for 5 hours. this temperature. Figure 3 shows SEM images

According to the data presented in Figure 2,  of lithium-containing ceramics after annealing
the grain morphology at an annealing tempera-  at 600°C.

— 100 NM

100 nm

Figure 2 — SEM images of lithium-containing ceramics with different lithium content
in the structure after annealing at 400°C: a) X=0.1; b) X=0.2; ¢) X=0.3; d) X=0.4; e) X=0.5

— 100 NM — 100 NM

— 100 M

Figure 3 — SEM images of lithium-containing ceramics with different lithium content
in the structure after annealing at 600°C: a) X=0.1; b) X=0.2; ¢) X=0.3; d) X=0.4; ¢) X=0.5
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In contrast to the samples annealed at a tempera-
ture of 400°C, for which no change in grain mor-
phology was observed, for the samples annealed at a
temperature of 600°C, changes are observed associ-
ated with both a change in shape and size. For all
concentrations, a change in shape from spherical or
dendrid-like to thomboid or cubic is observed. This
change in shape is associated with the initiation of
phase transformation processes that occur as a result
of changes in thermal vibrations of atoms in the lat-
tice, as well as the annealing of point defects and
heating. Also, a change in shape leads to crushing of
the grains and a decrease in their size.

Figure 4 shows the data on changes in the grain
morphology of lithium-containing ceramics as

d)

a result of thermal annealing at a temperature of
800°C.

As can be seen from the presented data, for lith-
ium-containing ceramics, thermal annealing at a
temperature of 800°C leads to the following chang-
es: for ceramics with a lithium content X=0.1-0.2,
a change in shape is observed from rhomboid and
cubic to diamond-like and hexagonal, with a sharp
increase in grain size, which associated with sin-
tering processes. An increase in the concentration
of lithium in the structure of ceramics higher than
X=0.3 leads to the formation of large grains, the
size of which varies from 300 nm to 500 nm. In
this case, grains are sintered into large dendrid-like
structures.

Figure 4 — SEM images of lithium-containing ceramics with different lithium content
in the structure after annealing at 800°C: a) X=0.1; b) X=0.2; ¢) X=0.3; d) X=0.4; e) X=0.5

Figure 5 shows SEM images of lithium-contain-
ing ceramics annealed at 1000°C.

A further increase in the annealing temperature
to 1000°C leads to sintering of ceramics into large
agglomerates and enlargement of grain sizes, which
reach up to 1-5 um in transverse size.

Conclusion
Thus, during the experiments on synthesis, the

effect of both the annealing temperature and the con-
centration of lithium in the structure of ceramics on
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the grain size and shape was established. Thermal
annealing was carried out in an oxygen-containing
atmosphere in the temperature range from 400 to
1000°C for 5 hours.

It was found that for all lithium concentrations
at a temperature of 600°C, a change in shape from
spherical or dendrid-like to diamond-shaped or cu-
bic is observed. This change in shape is associated
with the initiation of phase transformation processes
that occur as a result of changes in thermal vibra-
tions of atoms in the lattice, as well as the annealing
of point defects and heating.
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Figure 5 — SEM images of lithium-containing ceramics with different lithium content
in the structure after annealing at 1000°C: a) X=0.1; b) X=0.2; ¢) X=0.3; d) X=0.4; e) X=0.5

It was found that for lithium-containing ceram-
ics, thermal annealing at a temperature of 800°C
leads to the following changes: for ceramics with
a lithium content X=0.1-0.2, a change in shape is
observed from rhomboid and cubic to diamond-like
and hexagonal, with a sharp increase in the grain
size, which is associated with the processes sinter-
ing. An increase in the concentration of lithium in
the structure of ceramics higher than X=0.3 leads to

the formation of large grains, the size of which var-
ies from 300 nm to 500 nm.
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