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Finely dispersed powders of lithium, calcium and strontium titanates were 
prepared by precipitation in molten salts. The influence of temperature and 
of the time of heat treatment on the mean crystal size was determined. The 
mean crystal size was found to increase with temperature and time, hcu:ever, 
at a constant temperature the rate of crystal growth slowed down with time. 
This indicated that the isothermal crystal growth is not an isolated process and 
is apparently accompanied bt formation of new crystallization nuclei. It is 
assumed that the crystallization process is governed by two different mechanisms: 
in the initial stage, the crystal growth is controlled by surface reaction while 
i,r. the subsequent stage, with the formation of a concentration gradient at the 
phase boundary, diffusion becomes the predominant factor and the rate of the 
crystallization is gradually slou·s down. 

INTRODUCTION 

Inorganic ionic melts, i.e. mixtures of chlorides or sulphates of bivalent metals 
with alkali chlorides or sulphates, have recently been successfully employed as 
reaction media in chemical synthesis of mixed oxide powders [1-8]. Ferrites, 
chromites, titanates and some other mixed oxides exhibit specific electrical and 
magnetic properties which make them interesting for microelectronics and other 
applications. For example, titanates of various metals doped with a suitable oxi­
de in a higher oxidation state are considered to be promising anode materials for 
molten carbonate fuel cells [9]. 

The conventional preparation of mixed oxides by solid state reactions requires 
high temperatures and long reaction times. It is also characterized by a low reaction 
rate which is c,ontrolled by diffusion of the reactants. The synthesis of powders 
from suitable precursors consisting of hydroxides, alkoxides, carbonates or nitrates, 
although energetically not so demanding, often leads to formation of porous grains 
or agglomerates in the final product. 

The use of molten salts as reaction media for the preparation of mixed oxides 
appears to be advantageous for several reasons: It makes it possible to contrnl the 
size and, to a certain extent, also the morphology of the particles by selecting 
a suitable temperature and reaction time ( duration of the heat treatment). Besides, 
as evidenced by Table I, Gibbs reaction energies of the formation of titanates 
by precipitation from molten salts mostly exhibit more negative values compared 
with the direct synthesis from the respective oxides. The values presented in Table I 
correspond to direct synthesis from oxides, 

TiO2(s) + MeO(s) -+ MeTiO3(s) 

to precipitation from chlorides, 

(1) 

TiO2(s) + MeCl2(1) + Na2OO3(1) -+ MeTiO3(s) + 2 NaCl(l) + CO2(g) (2) 

and from sulphates 

TiO2(s) + MeSO4(l) + Na2OO3(1) -+ MeTiO3(s) + Na2SO4(1) + CO2(g) (3) 
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Table I 

Values of Gibbs reaction energy of the formation of titanates (1200 K) 

Titanate 

I
!:lG� 

Reaction ----�--
kJ mol-1 

-131.6 1 
Li2TiO3 -135.5 2 

-103.9 3 

-87.0 1 
CaTiO3 -167.0 2 

-132.6 3 

-135.5 1 
SrTiO3 -171.1 2 

-145.2 3 

LiCl as well as Li2S04 were used in the synthesis of Li.zTi03). Gibbs energy 
values tabulated by Barin and Knacke [10] were employed in the calculations. 

In the present work, the influence of the reaction temperature and time on the 
dispersity and morphology of the synthesized Li.zTi03 , CaTi03 and SrTi03 was 
determined. 

EXPERIMENT AL 

The following chemicals were employed in the synthesis of the above titanates: 
Ti02, NaCl, LiCl and KCl "reagent grade" (LACHEMA), Li.zS04, CaS04 • 2 H20,
H2S04 and Na2C03, A.R. (LACHEMA) and SrC03 "For Electroceramics" (LA­
CHEMA). Strontium sulphate was prepared from an aqueous suspension of stron­
tium carbonate by reaction with sulphuric acid. The chemicals employed we­
re vacuum dried over P.2-05 at 200 °0. 

The reaction mixtures were melted in a platinum crucible in a muffle furnace. 
The total weighed-in amount was 20 g. 

Different fluxes have been employed depending on the reaction temperature: 
sodium chloride (at 900 °0), potassium chloride (at 800 °0) and KCl - Na.2003 
mixture 1 : 1 by wt. (at 700 °0). After cooling, the reaction mixture was dissolved 
in hot water. The insoluble residue (the reaction product) was washed with distilled 
water, filtered in a Buchner funnel and dried at 120 °0. 

The reaction products were identified by X-ray powder diffraction. The charac­
teristic lines of lithium, calcium and strontium titanates only were identified on the 
respective diffraction patterns which indicated a high purity of the mixed oxides 
synthesized. The morphology and dispersity of the produced powders was determin­
ed by means of the JEOL X5C scanning electron microscope. The size of the 
individual crystals considered in the evaluation of the mean crystal size corresponds 
to the arithmetical mean of the maximum and minimum dimensions determined 
on the microphotographs. The distribution of the particles of the synthesized 
powders was described by logarithmic-normal distribution. 

The mean crystal sizes of titanates synthesized at different temperatures and 
reaction times are listed in Table· II. Based on the evaluation of the experimental 
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results, the influence of the reaction temperature and reaction time on the growth 
of the mean crystal size, and the dependence of the standard deviation of the parti­
cles diameter on the reaction time at 900 °0 were determined. 

Tahle II 

Values of mean size of Li,'fi03, CaTi03 and SrTi03 crystals prepared at different conditions 

J,/µ.m 
t/°C ,/h 

Li2Ti03 I CaTi03 I SrTiO, 

700 4 0.446 0.044 0.162 
800 4 0.662 0.074 0.216 
900 1 0.928 0.104 0.189 
900 2 1.251 0.122 0.256 
900 3 1.270 0.120 D.281
900 4 1.352 0.146 0.343

RESULTS AND DISCUSSION 

Lithium titanate, LizTi03, was prepared by the reaction of titanium oxide, 
lithium sulphate and sodium carbonate alternatively in molten Na.Cl at 900 °0, 
KCl at 800 °C and in the KCI - Na.2C03 mixture at 700 °0. The effect of tempera­
ture and reaction time (from I to 4 h) on the crystal size of synthes�ed LhTi03 was 
determined. As evidenced by the data. pN'Jlt'lmted in Table II, the mean crystal 
size increases with temperature, which may apparently be attributed to the improv­
ed transport properties of the melt at higher temperatures. At a constant tempera­
ture, the mean crystal size increases with the time of heat treatment, apparently 
owing to isothermal growth in the presence of a liquid phase. 
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Fig. 1. Standard dn·:at ion of the mPan particle diameter V8. the time of heat treatment at 900 °C; 
• - Li2Ti03; 6 - CaTi03; O - SrTi03• 
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Fig. 1 shows the standard deviation of the diameter of Li2Ti03 particles vs. 
the time of heating at 900 °C. The particle size distribution, characterized by the 
standard deviation of the particle diameter, increases with the reaction time. 
On the other hand, the rate of growth of the mean crystal size decreases with time. 
Consequently, it can be assumed that the isothermal crystal growth is accompanied 
by secondary formation of crystallization nuclei. Thus it can be assumed that in the 
initial stage, the mechanism of crystal growth in the multiphase system is controlled 
by a surface reaction. Subsequently, after the formation of a concentration gradient, 
the diffusion becomes the predominant factor and the rate of crystal growth slows 
down. Fig. 2 shows a micrograph of monoclinic lithium titanate synthesized at 
900 °C for 4 h. 

Calcium titanate, CaTi03 , was prepared by reacting titanium dioxide with cal­
cium sulphate and sodium carbonate in the respective fluxes. Here again, the 
dependence of crystal size on temperature (from 700 to 900 °C) and the heating 
time (from 1 to 4 h) was determined. The niorphology of the CaTi03 crystals can 
be observed in Fig. :l showing the micrograph of calcium titanate synthesized 
at 900 °C for 4 h. Calcium titanate belongs to the perowskite group and crystallizes 
in the tetragonal system. As indicated by the data in Table II, the favourable 
effect of increasing temperature on the transport properties of the melt and, con­
sequently on the rate of the crystal growth, was also observed. 

Fig. 1 shows a plot of the standard deviation of CaTi03 particles diameter vs. 
the reaction time at 900 °C. The course of this dependence can be interpreted 
in the same way as for LizTi03 • 

Strontium titanate, SrTi03 , was synthesized by reacting titanium oxide with 
strontium sulphate and sodium carbonate at 700, 800 and 900 °C in the correspond­
ing fluxes. The time of heat treatment was again varied from 1 to 4 h. The depen­
dence of the standard deviation of the diameter of SrTi03 particles on the reaction 
time, shown in Fig. 1, indicates that ah;o in this case the crystallization is accom­
panied by formation of secondary crystallization nuclei and the controlling me­
chanism changes in the course of isothermal crystal growth. Here again an increase 
in the mean crystal size with increasing temperature reflecting improved transport 
properties of the melt was observed; however, the influence of the heating time 
on the rate of the crystal growth was less distinct than in the case of Li2Ti03 

and CaTi03 (see T�hle II). Fig. 4 shows a micrograph of strontium titanate syn­
thesized at 900 °C for 3 h. 

As illustrated in Figs. 3 and 4, the mean crystal 1-,ize of CaTi03 and SrTi03 

is below 1 µm and the isothermal crystal growth is accompanied by the sintering 
and aggregation of crystals. 

CONCLUSION 

It can be concluded that the preparation of titanate powders by precipitation 
in molten salts appear,; to be advantageous from several aspects: 

(i) the synthesiR in molten salts can be carried out at substantially lower
temperatures compared with direct synthesis from the corresponding oxides; 

(ii) owing to the advantageous transport properties of molten salts, the mean
grain size of the synthesized powders can largely be controlled by the choice 
of suitable reaction conditions; 

(iii) high-purity titanates can be produced as the by-products of the synthesis
are readily soluble in water. 
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SYN TEZA NIEKT ORYCH TJTANICITAN OV 
V PROSTREDf ROZTAVI<JN)'CH S OLf 

Ludmila Smutna, Vladimir Danek, Kami! Matiasovsky 

Ustav anorganickej chemie C'Pntra chemickeho ,•yskumu SA V, CS-842 36 Bratislava 

Jemne disperzne prasky titanicitanu litneho, vapenateho a strontnateho sa pripravili pre­
cipitaciou v prostredi roztavenych soH. Sledoval sa vplyv teploty a doby zahrevu na strednu 
vefkost krystalov. Zistilo sa, ze stredna veikost krystalov vplyvom teploty a casu rastie. Nakoiko 
rychlost vzrastu strednej veikosti krystalov s casom klesa, mozno predpokladat, ze v pricbehu 
izotermickeho rastu krystalov mi\ze dochadzat k sekundarnej nuklcacii krystalov, cize proccs 
nukleacie nie je dostatocne separovany od procesu rastu krystalov. V priebehu izotermickeho 
rastu krystalov dochadza pravdeporlobne k zmene riadiaceho mechanizrnu. V pociatocnom stadiu 
je rnechanizmus rastu riadeny povrchovou reakciou. V ncskorsom stadiu, kedy sa na fazovom 
rozhrani vytvara koncentraeny gradient, pr<cvlada difuziou riadeny rast krystalov a rychlost 
rastu krystalov klesa. 

Obr. 1. Zavislost smerodajnej odchylky priemnu mikrocastic od doby zahre1•u pri konJtantnej teplote 
900 °0; • - Li2TiO3; 6 - CaTiO3; O - SrTiO3• 

Obr. 2. SEM mikrosnimka praskoi•eho Li2TiO3 priprave;,eho pri teplote .900 °C pocas 4 hodin. 
Obr. 3. SEM mikrosnimka prMkoveho CaTiO3 7,ripraveneho pri teplote .900 °C poca.9 4 hodin. 
Obr. 4. SEM mikrosnimka praskoi•eho SrTiO3 pripraveneho pri teplote .900 °C pocas 3 hodin. 

CH HTE:1 II E KOTOP hIX TIIT AH ATOB

B CPE,IJ,E PACII.TIAB.:IEHHbIX f:OJIEH

.:110;\Mll,:rn CMyTHa, B.na;.11MJ1 p ;'lattet,, HaMH,TI ManrnmoBcHH 

I1H('l1/Wnym Heop2r1HU'{P('h'Oii XU.l!UU 

T{eHmpa XU.M1l<tf/'h'020 UPCs1,PO06/lH11.'l C..IH, 842 36 Rparn11ccrnea 

Tomw ;J.HClICpCH!,Ie rroponmn TJITUHaTa JIJITIIH, J;il.'[i,l(JIH JI ('T[JOHT\lll-1 rrp!11'0TOBJIJIJI rrpe11n­
m1TaJ�Heii n cpc)].c pacn,;ian:rcHHLIX co.'ICii. l1rr.:1e;1ona.:111 n.mrnmie TCM1JCpnTyp1,1 n npcMCHJI 
11ai·pcna Ha CJ)C'i-\HHH pa3Mep HJJHCTa,TIJIOB. E1,1;10 ynaHOBJieHO, 'ITO cpe;\HHM pa3Mep HJJil­
('TH.'I.:IOB no:1 n.:IJIHHHC'M TCMIIepaTypu II npeMCHH p,H'TCT. ,IJ,o H,rnoii CTCITCHH CHOJJOCTh 
pocTa ('J)Cj\Hero pa:3MCpa ,· BJJCMCHCM ITOHHlfWCTCH, MOJHHO BJ,IBO;\HTr, 11:3 Toro, '!TO B Te•reHHC 
ll30TCJJMH'lCCHOrO po,·Ta h'.JJIICTHJIJIOB MOJHC'T IIJJOHl' xo;\HTb BTOJJH'IHOC o6paaoBaHJIC 3a po;v,1-
IIIOiI h'.J)HCTilJIJIOB, TO CC'Th '!TO npou;ecc o6pa30B3Hl!H 3a pO;l.bJIIICii Im llB.'IHCT(' H ;\O('TaTO•IHO 
OT)].C.TJCHHh!M OT npou;ecca pocTa liJJHCTaJIJIOB. Bo BJJCMH ll30TCJJMH'lCCTiOl'O pocTa 1,p11cTaJI,IOB 
IIJJilBi-J.CIIOi-\OOHO npo11cxo;111T ll3MCHCHllC ynpaB."[HJOll(CJ'O MCX1\Hll3MH. B Ha'Ia.'IbHOif na;vrn

Silikaty c. 1, 1990 53 



E. Smutna, V. Danek, K. Matiasovsky:

MeXaIIII3M pocTa yrrpaBJIH6TCH IIOBepxIIOCTHOH peam:i;neii. B l\llJILHeii.meii. CTal-\llH, 1-wr,'.J;a 
Ila pa3)]:eJie qia3 C03AaeTCH rpai\HeHT HOIII(e11Tpao:1rn, rrpeo6JiaAaCT ynpaBJIHeMLIH AHq>q>y31:1eii: 
pocT Hp!IcTaJIJIOB II CHOpOCTL pocTa HpJ!CTaJIJIOB IIOHHIBaCTCH. 

Puc. 1. 3aeucUMocmb cma1-taapm1-toao om1i.1to1-te1-tuR cpea'{eao pna.,iepa .Muh·po'{acmu!f om 11pe­
.Me1-tu 1-taepeea npu nocmOR1-t1-toii me.«nepamype 900 °C: • - Li/fiO3, 6 - CaTiO3, 
0 - SrTiOJ. 

Puc. 2. SEM .MUli poc'b e.«i. u nopouti.oeo20 LbTiO3, 11pu?omoc.1te11Ho?o npu me.Mnepnmyp� 
900 °C 60 ope.MR 4 '{acoe. 

Puc. 3. SEM .MUKpOC'be.MKU no pout i.oeo20 CaTiOJ, n puaom oe.1te1-tno20 npu me.Mnepamype 
900 °C 60 upe.11R 4 '{acoe. 

Puc. 4. SEM M llli poc'b e.Mi. u nopouti.ocoao SrTiOJ, II J)Ui!(J/ll(U:, tPJf,f-lOCO llf'U me.11,nepamype 
900 °C 60 cpeMR 3 '{0C06. 

RADIOACTIVE WA STE FORMS FOR THE FUT URE (Radioaktivni odpacly pro 
budoucnost). Edited by W. Lutze and R. C. Ewing. North-Holland Physics Publishing, Elsevier 
Science Publishers, Amsterdam 1988. 778 str.; cena 247,25 US do!. 

Kniha prinasi pfohled nejdulezitejsich informaci o celem spektru radioaktivnich produktu 
fixacc, jez byly vyvinuty nebo alespon navrzeny pro inkorporaci vysoceaktivnich jadernych 
odpadu. Mnoho vysledku bylo publikovano V zaverecnych zpravach narodnich laboratori nebo 
v ruznych, ob,7klc mene dostupnych Rbornicich. Toto je prvni publikace, jez shrnuje informace 
o mediich pro vysoceaktivni jaderne odpady v jednom svazku.

Ackoliv boritokfemicite sklo se stalo standardnim typem materialu pro tento ui',.,J, jo nutno
v jeho vyzkumu da!A pokracovat. Se zdokonalenim vyrobni technologio a s podrobnejilimi ;ma­
Iostmi o podminkach v ulozistlch mohou byt vyvinuta skla a materialy druhe generace so zdoko­
nalenymi vlastnostmi. Pokracovani vyzkumnych programu zam/ifene na fixacni m<adia princse 
vysledky, jez jedine mohou zvysit duveru vefojnosti v konecne a bezpecne ulozeni jadernych 
odpadu. Cilem teto knihy je poskytnuti o<lrazoveho mustku pro toto budouci vyzkumne usili. 

V knize jsou podrobne uvedeny vlastnosti a funkce nekrystalickych produktu (boritokremicite 
sklo, spekane sklo, olovnato-zelezit<a fosfatove sklo) i produktu krystalickych (Synroe, keramika 
na bazi TiO2, sklokeramika a beton FUETAP). Kapitola o novyeh formach odpa<lu uvarli fadu 
metod, ktere opodstati'\.uji dalsi vyvoj vzhledem k jcjich potencialnim vynikajicim vlastnostem 
a unikatnim aplikacim. Zav/irccna kapitola uvafli tabelarni srovnani dulczitych vlastnosti 
jednotlivych typu produktu a rozsahlou diskusi o koroznich proeesech i o ucincich radiace. 
Zvlastni pozornost je venovana kritickemu zhodnoceni boritokfemiciteho skla a keramik�, 
Synroe. Je to prvni pokus o podrobne srovnani t/ichto dvou vyznamnyeh produktu na zaklad/i 
celeho souboru jejich materialovych vlastnosti. Diskuse zdt'.,raznuje obtiznost takoveho srovnava­
ni a specifikuje druh dat, jez jsou pro to nezbytna. 

Komplexni systemove p:ristupy vAdly v posledni dob/i k castecnemu odsunuti role ehemieke 
stability odpadu do pozadi. Autori knihy vsak dospivaji k zaveru, ze kritickou barierou pro 
uvoh'\.ovani radionuklidu musi zustat vlastnosti samotneho zpracovaneho odpadu, protoze jeho 
chovani lze snadneji modelovat nezli pfe<lvidat dlouhodobe hydrologicke a geofyzikalni zmeny 
v ulozistfoh. Soucasne je tfeba mit k dispozici celou paletu fixacnich medii, aby bylo mozno in­
korporaci radionuklidu optimalizovat s ohledem na slozeni odpadt', i na zpusob ulozoni. 

Kazda kapitola knihy byla napsana vybranymi expnrty a zahmuje kompilaci udaju s rozsahlym 
seznamem refcrenci. Kniha pfedstavuje stimulujiei zaklad pro dalsi vyzkum tim, ze pfinasi 
kriticky pre h!Ad soucasneho st,avu. Kniha budfl uzitecna nejen pro odborniky v oboru zneskodi'10-
vani radioaktivnich oclpadu, alA take v oboru materia lovych vecl a v oborech skla a keramiky, 
protoze tyto materialy predstavuji hlavni typy fixacnich medii. 

J. Hlav(cl'
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