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Reactions of binary and ternary alkali metal carbonate mixtures with aluminium 
oxide were studied by means of a derivatograph under different conditions. Reaction 
products were identified by X-ray diffraction. 

In the presence of binary and ternary carbonate, mixtures containing Li2CO 3 the 
product Was always a-lithium metaaluminate, transforming to the y-form at higher 
temperatures, while using only Li~CO~ the orthodialuminate could be obtained too. 

The reactions between aluminium oxide and alkali metal carbonates have been 
studied by several authors with different aims. Bartuska [1 ], Gill [4], Hummel 
and co-workers [5, 6], La Ginestra and co-workers [7], Maslova and Lileev [9], 
Semenov [13] and So6ki-T6th [12] used lithium carbonate as the reagent, while 
Erdey and Gill [2], G~I and co-workers [3, 4], Maslova [10] and Semenov and 
Zabolotskii [15] worked with sodium and potassium carbonates. 

In these investigations the reactivity of  the alkali metal carbonates with alu- 
minum oxide decreases in the order L i - N a - K .  The product of the reaction in 
the 1 : 1 mixture of lithium carbonate and aluminum oxide is lithium metaalu- 
minate. Lithium metaaluminate has two known modifications; the ~ modification 
undergoes transformation into the v-modification [5, 6, 8, 12, 13, 16]. The com- 
pound is chemically stable below 1200 ~ . In binary (lithium and sodium carbonates) 
and ternary (lithium, sodium and potassium carbonates) systems of  alkali metal 
carbonates neither sodium nor potassium ions can substitute those of lithium 
[10, 15]. In our present work we describe some studies giving new information 
about reactions in solid and molten phases between aluminum oxide and alkali 
metal carbonates. 

Experimental 

v-aluminum oxide was used as the other reactant, ensuring favourable condi- 
tions for the study of the chemical reaction owing to its structure and particle 
size (the average particle size was 0.3 micrometer). Analytical grade materials 
were used. The studied mixtures were blended in water and then dried. The water 
remaining in the sample (bound by adsorption or as water of crystallization) left 
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below 400 ~ in every case. These thermal effects did not influence the possibilities 
of  evaluation of the investigations. 

In the studied mixtures physical and chemical changes take place, causing 
changes of entha!py and generally of the weight. Thus, dynamic thermal analysis 
methods are suitable for following them. 

Chemical and physical processes were studied as a function Of temperature by 
means of a derivatograph [1] in air and carbon dioxide (15 l/h) at atmospheric 
pressure from room temperature up to 1000 ~ Samples of 100-500 mg were 
measured in platinum or carborundum crucible. The heating rate was 10~ 

Materials produced in the reaction, and components which had been in excess 
at the beginning, were identified by means of an X-ray diffractometer. 

Results 

Depending on the particle size, the ratio of mixing and the temperature reached, 
the chemical reactions described by the following equations can proceed between 
the  alkali metal carbonates and aluminum oxide: 

MaCO 3 + A1203 = 2 MA102 + CO~ (1) 
metaaluminate 

M2CO 3 + 2 MA102 = M4Al~O5 :+ CO~ (2) 
or thodia luminate  

M2CO~ + M4AI~O~ = 2 M3AIO3 + COs (3) 
orthoaluminate 

0TA | 0TA I 
E,o ' ~ 4 ~ ~  t'NJPo 

c f 

0 200 600 1000 200 600 1000 
Temperature,~ 

Fig. I." Thermal curves of the reaction between lithium carbonate and aluminium oxide 
Po -- Li2CO3 q- 7-A1203 1.0 : 1.0 
P1 -- Li~CO3 q- ~,-Al~O3 1.1 : 1.0 
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Formation of lithium metaaluminate [I] was investigated in a I : I lithium car- 
bonate-aluminium oxide mixture in air and CO2 atmospheres (see Fig. 1, compo- 
sitions given in molar ratio). 

~--- ~ L ~ ~  950 ~ 

I0 20 30 

Fig. 2. X-ray diffractograms of mixtures containing Li,.COz and --AlzOs after isothermal 
reaction 

The chemical reaction started on the surface of the solid material at about 500 ~ 
in both cases, but in the carbon dioxide atmosphere the chemical process was 
repressed and became slower. (At a molar ratio of 1.1 : 1.0 a new DTG peak 
appeared.) Only as a result of further heat transport did it become as rapid as in air~. 

At 700 ~ lithium carbonate melted, causing an endothermic peak in the DTA 
curve; the chemical reaction went on between the solid and molten phases and 
became complete only at about 950 ~ producing v-lithium metaaluminate. 

In the range of temperature employed lithium metaaluminate has two known 
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polymorphic forms: the a-modification, stable at low temperatures and the ?-modi- 
fication, stable at high temperatures [2]. 

Analysis of  the DTAcurves and the X-ray diffractograms (Fig. 2) of the samples 
examined isothermally in air at 400, 600, 700, 800 and 950 ~ (an isothermal run 
lasted 30 minutes) established that the first product of reaction is a-lithium meta- 
aluminate, which undergoes a monotropic transformation to ?-lithium meta- 
aluminate (Fig. 1, DTA peaks at 880, 850, 970 and 960~ 
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Fig. 3. Reaction of alkali carbonates and aluminium oxide in air 
a -- LizCO3 q- 7-AlzO3 2 : 1 
b--  Na2CO3 + 7-A12Oz 2 : 1 
c -- K2CO8 + 7-A12Oz 2 : 1 

A study was made of how reactions (1) and (2) run in 2 : 1 mixtures of  lithium, 
sodium or potassium carbonate and 7-aluminum oxide. In the thermal curves 
shown in Fig. 3, obtained in air up to 900 ~ , it is easy to see that the reaction started 
in the solid phase in all three cases. The maximum rate of reaction was reached 
before the melting of  the alkali metal carbonate. When the alkali metal carbonate 
melted the reaction became slower. In the case of  lithium carbonate, besides 
lithium metaaluminate the orthodialuminate could also be identified, but with 
sodium and potassium carbonates the formation of the metaaluminate was not 
complete. 

The conditions of  the reaction were very different in mixtures containing lithium 
and sodium carbonates or lithium, sodium and potassium carbonates of eutectic 
composition in excess of the amount necessary for lithium metaaluminate forma- 
tion [1]. 

In the thermoanalytical experiments the equivalent mixture of lithium and 
sodium carbonates melted at 495 ~ (see Fig. 4a and b) while the mixture of 43.5 
molar ~o lithium carbonate, 31.5 molar ~ sodium carbonate and 25 molar 
potassium carbonate melted at 400 ~ (Fig. 5). 
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When only lithium carbonate was present (Fig. 1), the reaction started in the 
solid phase and became a reaction between solid and melt phases only at about 
700 ~ . On the other hand, when more alkali metal carbonate was present this already 
me/ted before the start of the reaction (Fig. 5), or at the same time (Fig. 4). In the 
binary alkali metal carbonate samples the molten phase appears in increasing 
amounts in the order B1, B2, B3, B4, as shown by the peak areas of the melting 
endotherms. 
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Fig. 4a. React ion of  binary carbonate mixtures with  a lumin ium oxide in air 

B 1 - -  Li2COa 4- Na~CO3 + 7-A120~ 1,5 : 0,5 : 1.0 
B2 - -  Li~CO3 4- Na~COa + 7-A1~03 2.0 : 1.0 : 1.0 
B ~ - -  Li2CO 3 +  Na2CO 3 + y - A I ~ O  8 2 , 5 : 1 . 5 : 1 . 0  
B 4 - -  LizCO3 + Na2CO~ + y-Al~O~ 3.0 : 2.0 : 1.0 
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Fig.  4b. React ion of  binary carbonate mixtures with a luminium oxide in carbon dioxide (15 I/h) 
Compos i t ion  are the same as in Fig, 4a 
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Every sample  was  measure6  with  a derivatograph in air and carbon dioxide 
atmospheres  under the same experimental  condit ions.  In both air and carbon 
dioxide atmospheres  be low 3 5 0 - 4 0 0  ~ the a luminium oxide and the alkali metal  
carbonates present in the mixture los t  the water o f  adsorption,  and the s o d i u m  
carbonate lost  the water o f  crystall ization, too .  
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Fig. 5. Reaction of ternary carbonate mixtures with aluminium oxide in air 
T1 -- Li2COa 4- Na2COa q- K~COa 4- ~-A12Oa 1.49 : 0.35 : 0.40 : 1.0 
Tz -- Li2COa 4- Na2COa 4- K2CO8 + ),-A1208 1.97 : 0.70 : 0.80 : 1.0 
T8 -- Li2COa + Na2COa + K2COa 4- 7-AlcOa 2~46 : 1.05 : 1.18 : 1.0 
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Fig. 6. Comparison of  the reaction of  l i thium carbonate and carbonate mixtures with alu- 
min ium oxide in air 

Po - -  LizCO3 4- ?-A12Oa 1.0 : 1.0 
i Bt - -  Li2COa 4- Na2COa 4- 7-AlzOa 1,5 : 0.5 : 1.0 
Tt - -  Li2COa + Na2COa Jr K2COz 4- 7-AlzOa 1,49 : 0.35 : 0,40 : 1.0 
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At about 500 ~ the alkali metal carbonates melted and at the same time the 
chemical reaction started, yielding s-lithium metaaluminate (Fig. 6, Ba). By c o m -  

paring the curves obtained in air, it can be concluded that the chemical reaction 
started at about the same temperature in the mixtures, but the rate of the process 
increased as the amount of alkali metal carbonate increased. The maximum rate 
of the reaction process shifted to lower temperatures, as is shown by the DTG 
peaks at 570-550 ~ . 

The curves obtained in carbon dioxide atmosphere are identical with those 
obtained in air up to the melting of the alkali metal carbonates. The maximum 
of the reaction rate shifted by 10-20  ~ to higher temperatures (see the DTG 
ctwves). 
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Fig. 7. Thermal decomposition of lithium carbonate in air 

The important difference between the results obtained in air and carbon dioxide 
is in the temperatures of the maximum rate of the  lithium metaaluminate crystal 
modification transformation, 

]In the DTA curves the endothermic effect appeared at 850 ~ and at 940-950 ~ 
in air and in carbon dioxide respectively. 

The ternary series contained an increasing amount of  melt in the order T1, 
T2, T3. The mixture of the three alkali metal carbonates melted at 400 ~ but the 
chemical reaction did not start at this temperature. As in the case of the binary 
series, the reaction started only at about 500 ~ and reached its maximum rate at 
560-  600 ~ With increasing amount of  the molten phase (T1 - T3), the DTG peak 
indicating the maximum reaction rate shifted to higher temperature values: 
560, 580, 600 ~ . 

For the range of composition studied, it was found that the starting temperature, 
of the chemical reaction does not depend primarily on the phase of the alkali 
metal carbonate present but on the nature of  the alkali metal carbonate. The ra te  
of the starting reaction, however, is greatly influenced by the: phase of ~the reac- 
tants. X-ray diffraction analysis of dynamically and isothermally processed samples~ 
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showed the product of  the chemical reaction to be lithium meta-aluminate even in 
the presence of two  or three alkali metal carbonates and a lithium carbonate 
excess. Aluminate of  higher alkali metal content could not be identified. 

:In three mixtures of  different composition, after starting at 560 ~ the reaction 
was frozen and the crystallographic compositions of  the samples were identified 
X-ray diffraction. 
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2~ 

Fig. 8. X-ray diffractograms of Li2COa -t- ~-A12Oa mixture after 
1 -- 60 minutes in CO2 at 850 ~ 
2 -- 60 minutes in air at 850 ~ 
3 -- 60 minutes in air at 700 ~ 

It  was found that, even at the starting temperature of  the primary product 
of  the reaction between lithium carbonate and ?-aluminum oxide is e-lithium 
metaaluminate. On further heating, the a-lithium metaaluminate transformed 
into ?-lithium metaaluminate. 

Analysis of  the thermoanalytical curves clearly showed that the temperature 
of  the modification transformation is closely connected with the thermal dis- 
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soc ia t ion  o f  l i th ium carbonate .  The thermal  d issocia t ion  expressed by  t h e  fo l lowing 
equa t ion  s tar ts  even before  the mel t ing  o f  l i th ium ca rbona te  (Fig.  7): 

Li2C03 ~ Li20 + C02 (4) 

In  the  case o f  measurements  in ca rbon  d ioxide  a tmosphere  the t empera tu re  o f  
the  decompos i t i on  shifts to higher  values.  This therefore  makes  it poss ib le  for  
the e -modi f ica t ion  (stable at  low tempera tures )  to  exist a t  h igher  t empera tu res  
(Fig.  8). In  air  reac t ion  (4) becomes  more  and  more  intensive above  700 ~ , owing 
to the  d issocia t ion  o f  the Li20 remain ing  in the  melt .  ~More and  more  oxide ions 
are  formed,  and  this lowers the  t empera tu re  o f  the p o l y m o r p h i c  t r ans fo rmat ion .  

F igure  8 shows X- ray  d i f f rac tograms o f  samples  c o n t a i n i n g  l i th ium ca rbona te  
and  7-a luminum oxide in a 1 : 1 m o l a r  ra t io .  The  samples  were hea ted  f rom 
r o o m  tempera tu re  up  to the  des i red  value,  and  the r eac t ion  was f rozen in af ter  
an  i so thermal  pe r iod  o f  one hour .  
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Rr~SUM~ -- On a 6tudi6 h l'aide d'un Derivatograph, sous diverses conditions, la r6action de 
m61anges binaires et ternaires des carbonates alcalins avec l'oxyde d'aluminium. L'identi- 
fication des produits form6s a 6t6 effectu6e par diffraction des rayons X. 

Si les m61anges binaires et ternaires de carbonates contiennent du carbonate de lithium, 
il se forme toujours l'~-m6taaluminate de lithium, qui, h temp6rature plus 61ev6e, se transforme 
en la forme ~. Si la carbonate de lithium est utilis6 seul, on peut obtenir aussi 1'ortho-dialu- 
minate. 
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Z U S A M M E N F A S S U N G  - -  Die  R e a k t i o n e n  bin/irer u n d  terniirer A l k a l i k a r b o n a t m i s c h u n g e n  mi t  
A l u m i n i u m o x i d  w u r d e n  mit te ls  e ines  D e r i v a t o g r a p h e n  un t e r  ve r sch iedenen  B e d i n g u n g e n  
un te r such t .  Die  R e a k t i o n s p r o d u k t e  w u r d e n  d u r c h  RSn tgend i f f r ak t i on  identifiziert.  

In  G e g e n w a r t  Li2COa-halt iger  bin/irer u n d  tern~irer K a r b o n a t m i s c h u n g e n  war  das  P r o d u k t  
stets  ~ - L i t h i u m - m e t a - a l u m i n a t ,  das  bei hS he ren  T e m p e r a t u r e n  in die y - F o r m  fiberging, w~ihrend 
bei E insa tz  y o n  Li2CO a a u c h  O r t h o d i a l u m i n a t  e rha l t en  werden  konn te .  

Pe3roMe - -  Bbln~t l~3yqertbz c HOMOI~bIO ltepttBaTorpaqba peai~uai~ 6naapH~ix r~ 'I'pOHHblX cMeceR 
I~ap6oHaTOB meJio~ml, IX MeTaJinOB c OKHCblO anoOMrlrma B pa3art,lm, ix yCJ~OBH~IX. I-lpogyKTI,I 
peaKaHrI 5r~ISlrI mlerlTrld~mmpoBaHbi peHrrerto-~rlqbpalcJ~HOrim,iM almJm30M. B cJIy~ae 6rlaapI~IX 
rI Tpofirlr, lX i~ap60aarm, ix cMecefi, co~eprKalII!~ix Li2CO3, IIpo~yI<TOM peaKtmrt Bcer~a 6I~iJi m- 
MeTaaJimMm~aT nrlTrI~, i rpeBpamalomri~ca npri 60aee  m,ICOI~HX TeMiiepaTypax 13 7-qbopMy. 
B TO x e  caMoe BpeM,'I nprI ttClIOYlI,3OBaHHH TO.TIbKO ti2CO3, Mox~eI 5blTb IIOJIyqeH Tax~Ke OpTO- 
2~laJ~OMHrlaT JmTH~. 
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