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The process o f  obtaining a special a luminium oxide by means  of  the thermal dissociation of  a 

basic a luminium-potass ium sulfate in the presence o f  carbon (soot) and water vapour was 
studied. Under  these conditions, the dissociation o f  the basic salt occurS at a lower temperature 

than in presence of  air. K20---A1203 and/or AI203 are formed as fine-grained reaction residues, 
depending on the final temperature.  The technologically useful range of  temperatures for the 

process was established. 

The production of  aluminium oxide by means of  the thermal dissociation of  
aluminium-potassium sulfate in the presence of air is a very energy-consuming 
process. However, thermodynamic equations show that the energy consumption 
can be reduced significantly if the thermal dissociation is carried out in a reducing 
environment, since the addition of  a reducing agent greatly decreases the 
temperature of  dissociation of  the basic salt. 

The cheapest and most readily available reducing agent is carbon. The thermal 
dissociation of  a basic aluminium-potassium sulfate with carbon as additive not 
only results in a lowering of  dissociation the temperature, but also makes it possible 
to obtain the solid reaction product in a more fine-grained form [3], which is of  
importance for the processing of certain ceramic products, for instance, in the 
electronics industry. 

When carbon is used in the reaction, we can expect problems, as highly toxic 
gaseous products (e.g. COS) can be formed. However, this can be avoided quite 
easily if water vapour is additionally introduced into the reaction system [1]. 

In this work, after a careful thermodynamic analysis of  the process, we studied 
the thermal dissociation of  a basic aluminium-potassium sulfate with carbon (in the 
form of  the soot "Vulcan 6") and water vapour as additives. By means of  a 
derivative method, the stages of  the process were established, and an attempt was 
made to characterize intermediates and final solid products through X-ray phase 
analysis. 
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Thermodynamic analysis of the process 

The thermodynamic analysis of the process was conducted on the assumption 
that the products of dehydration of basic aluminium-potassium salt are 
KAI(SO4)2, AI20 3 and K2SO 4 [2]. The analysis can be restricted merely to how 
much the reducing agent influences the dissociation of the dehydrated salt, for it 
was earlier found [1] that carbon present during the reaction has practically no 
influence on the course or temperature of dehydration of the solid reactant (Figs 1 
and 2). The studied reactions are presented in Table 1. For these reactions, standard 
thermodynamic potentials within the temperature range 298-1000 K were 
calculated, using the standard thermodynamic potentials AG E of suitable reagents. 
Values of A G} for gaseous reagents were taken from tables [4], but for solid reagents 
data were calculated from the functions o o S T -  $298 and H ~  H%8, with values of 
H ~  and S~ taken from tables. The data in Table 1 show that it is 
thermodynamically possible to obtain solids such as K20 '  A1203, A1203 and K2S, 
and gases such as H2S, COz, COS and SO2 as products of the reaction. 

It is especially interesting that there is a great probability of reaction (1), which 
has quite significant negative AG ~ values above 600 K. A mixture of A120 3 and 
K2SO 4 is the solid product of this reaction. For technological reasons, it would be 
useful to stop the process of thermal dissociation of the basic salt in this stage, as 
pure aluminium oxide could then be obtained by means of leaching easily-soluble 
K 2 S O  4 from the residue mixture. Extension of the thermal dissociation in a 
reducing environment can cause losses of aluminium oxide as in reactions (17) and 
(18), as a result of which K20.A120 3 can occur among the solid products of the 
reaction. 
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Fig. 2 TG, DTG and DTA curves of a basic aluminium-potassium sulfate with carbon as additive in 
presence of nitrogen 

Experiments and results 

We studied samples obtained by thorough mixing of basic aluminium-potassium 
sulfate (94.6 wt.%) and carbon (5.4 wt.%). The apparatus was described earlier [1]. 
The sample was placed in the silite heater. When the required temperature was 
reached in the reactor, a stream of nitrogen (20 1 h-I)  was passed through the 
reactor, together with water vapour (about 45 vol%) produced at 353 K. The 
process was continued under these conditions for 2 h. The samples were then taken 
out of the reactor, quenched, and analysed by means of the derivative method, X- 
ray phase analysis and chemical analyses to check the K20 content. About 15 wt.% 
of carbon was added to the samples tested by means of the derivative method. 
Thermal curves were recorded with a Paulik-Paulik-Erdey derivatograph in the 
presence of nitrogen. X-ray diffractograms were made by the powder method, using 
the Phillips PM 9901/00 X-ray apparatus. The phase compositions of the tested 
samples were identified by means of ASTM [6] standards. 

The results are shown in Tables 2 and 3. The degree of elimination of sulfur 
(Table 2) was found on the basis of data obtained from the thermoanalytical 
diagrams of the tested samples. 
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Table  1 S t anda rd  t h e r m o d y n a m i c  po ten t ia l s  o f  reac t ions  po ten t ia l ly  involved in the d issoc ia t ion  of  a 

basic a l u m i n i u m  sulfate  in presence o f  c a rbon  

No.  Reac t ions  

AG ~ kca l /mo l  

for va r ious  t empera tures ,  K 

298 600 800 1000 

3 C 1 1 K , ~ I ( S O , ) 2  + ~ = ~ K 2 S O , +  

1 1 
2 KAI(SO4)2 + 3 C = ~ A12S3 + ~ K2SO4 + 3CO2 

3 23CO 2 3 AI2(SO,)  3 + 2 ~ = A l 2 0  a + 3SO 2 + 

4 AI2(SO,)  3 + 6(2 = AI2S 3 + 6CO 2 

= l  
5 A l 2 ( S O , ) a +  ~C ~ A I 4 C 3 + 3 S O 2 + 3 0 2  

1 1 
6 K2SO, + ~ = K2SO3 + 2~CO~ 

2 

+ = + 7 

8 K 2 S O 4 + 2 C  = K 2 S + 2 C O  2 

9 K 2 S O , + ~ C = K 2 0 + S O 2 + ~ C O 2  

1 0  K 2 S O 4 + ~ C =  K 2 0 + ~ S 2 + ~ C O  2 

I I  K 2 S + 2 S O  2 = K2504- t -52  

12 S O  2 + C = ~$2 + CO2 

13 S O 3 + 2 C  = C O S + C O  2 

1 
14 COS = ~CO2 + ~CS 2 

15 K 2 S + 2 H 2 0  = 2 K O H + H 2 S  

16 K2SO 3 + A l 2 0 3  = K 2 0 "  A1203 + SO 2 

17 K 2 S + H 2 0 + A 1 2 0 3  = K 2 0 " A I 2 0 3 + H 2 S  

18 K 2 0 + A 1 2 0 3  = K 2 0 - A I 2 0 3  

9.88 - 20.'/2 - 40.60 - 60.25 

18.82 - 32.13 - 58.74 - 85.14 

5.35 - 53.89 - 94.36 - 1 3 2 . 5 6  

3.17 - 77.96 - 1 3 0 . 5 4  - 1 8 2 . 1 0  

500.49 417.61 364.19 311.87 

11.69 5.57 1.55 - 2.57 

16.35 - 2.74 - 14.99 - 26.92 

27.04 2.55 - 13.61 - 27.42 

118.45 98.38 80.36 66.91 

105.92 81.16 62.25 50.15 

- 2 1 5 . 8 8  - 1 9 0 . 8 7  - 174.88 - 162.12 

- 22.86 - 22.66 - 21.96 - 25.54 

- 45.33 - 58.30 - 66.83 - 75.19 

0.46 0.88 1.15 1.45 

- 78.06 - 65.70 - 59.36 - 51.79 

32.80 17.83 8.34 - 0.98 

- 2.41 -- 4.11 - 5.17 - 6.19 

- 71.57 - 72.60 - 73.41 - 74.00 

D i s c u s s i o n  

The experimental results fully confirmed the results of the thermodynamic 
analysis. First of all, it was possible to find the temperature range (880-975 K) 
within which the solid product of thermal dissociation of basic aluminium- 
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Table 2 Results of studies of thermal dissociation of a basic aluminium-potassium sulfate with carbon 
and water vapour as additives in presence of nitrogen 

Degree of elimination Contents of 
Process Temperature, of sulfur from K20 in solid 

conditions K 
aluminium compounds, wt.% product 

time - 2 hours 
nitrogen + 
water vapour 
soot 
"Vulcan 6" 

803 7 absent 
823 13 absent 
843 15 absent 
863 85 absent 
883 100 absent 
903 100 absent 
923 100 absent 
943 100 absent 
963 I00 absent 
983 100 traces 

1003 100 some 
1023 100 some 
1273 100 some 

Table 3 Model results of X-ray phase analysis of intermediary and final products of thermal 
dissociation of a basic aluminium-potassium sulfate in presence of carbon 

Sample Sample 
of basic of basic 

salt roasted 7-A1203 K2SO , salt roasted ct-Al203 K20-AI203 
at 923 K at 1273 K 

for 2 hours for 2 hours 

d,,p dll' [6] I diit [61 I d,,p dn, [6] I d~t ' [6] I 

4.17 4.19 24 2.72 
3.00 3.00 80 2.56 2.552 92 
2.90 2.88 100 2.39 2.379 41 
2.42 2.39 19 2.41 20 2.24 
2.27 2.27 13 2.09 2.085 100 
1.99 1.975 72 1.75 1.740 41 

1.398 1.396 100 1.61 1.601 83 
1.68 1.55 1.546 7 

1.40 1.404 38 

2.71 100 
2.58 40 
2.39 40 
2.21 40 

1.56 80 

potassium sulfate is a mixture ofA1203 and K203 and K2SO 4 , the reducing agent 
also accompanies this thermal dissociation, and the mixture of Al203 and K2SO4 
probably results from the course of reaction (1). 

At temperatures close to 970 K, the process of elimination of sulfur bound to 
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aluminium from the compound is over, and traces of K 2 0  o c c u r  (Table 2), which 
can signal the beginning of decomposition of K 2 S O  4 according to reaction (8). 

A further increase in the temperature of reduction creates the possibility of 
formation of potassium-aluminium oxide compounds (reactions (16)-(18)); 
eventually, the final solid products of dissociation of the basic salt at temperatures 
close to 1200 K are AI203 and K20.  A1203, perhaps with a little admixed y-A1203 . 

The addition of water vapour to the reacting system has the twofold effect of 
(i) suppressing the formation of very toxic waste gases such as COS, CS2, etc., and 
(ii) removing the (technologically necessary) excess of carbon through its 
conversion to CO + H 2 :  It is possible that these gases improve the course of the 
reduction process itself. 

Conclusions 

1. The thermal dissociation of a basic aluminium-potassium sulfate in the 
presence of carbon and water vapour occurs at a temperature about 250 K lower 
than that in the presence of air. 

2. The introduction of water vapour into the reaction environment makes it 
possible to eliminate the surplus of carbon, to hydrolyze the sulfates, and to 
transform COS, CS2, etc. into HzS and CO2. 

3. Within the temperature range 880-975 K, the solid product of the reductive 
dissociation of the tested compound is a mixture of y-Al20 3 and K2SO4, from 
which the potassium sulfate can easily be eliminated. 

4. At temperatures above 975 K, sulfur bound to potassium begins to escape 
from the basic salt. 

5. The final products of dissociation of the basic aluminium-potassium sulfate 
under reducing conditions are AI20 3 and K20.A120 3. 
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Zus~nmenfm~aag - -  Der Herstellungsprozess eines speziellen Aluminiumoxids durch thermische 
Zersetzung yon basischem Kalium-aluminium-sulfat in Gegenwart yon Kohlenstoff (Russ) und 
Wasserdampf wurde untersucht. Unter diesen Bedingungen verlfiuft die Zersetzung bei tieferer 
Temperatur als in Gegenwart yon Luft, und K20.A120 a und/oder Al203 werden als feinkfrnige 
Endprodukte (abh~ingig yon der Endtempeatur) erhalten. Der technologisch giinstigste Tempera- 
turbereich ffir den Prozess wurde ermittelt. 

PeamMe - -  I/IayqeH npouecc nony~IeHn~l cneIlsa.abHOfi oKrlcrl ~LrlIOMHHI4fl nyTeM TepMuqecrofi 
~lnccotmaIlnn OCUOBHO~ COn. ra~n~-amoMnnHfi cym.OpaTa B npncyTCTBH, yrnepo/ia (caxn) • napoB 
aoa~.L B Tarax ycnoan.x a.ccounaana OCHOBHO~ CO:l. npo.cxozaiT npn 60~ee nnaro~ TeMnepaType, 
qeM a aTMOCOpepe Boaayxa, Hpn aTOM, a 3aanCnMOCTn OT roue'mo~ TeMnepaTypf.l, o6paayroTCa K 20- -  
A1203 .Jm AI203 B OpopMe TOHrO.aMe~b,~ennblx pearunoHm,lxocTaTroB. ]IJI. aTOrO npoueeca 
ycTanoB~eHa Texaozorn,tecrn no:aeanaa O6:IaCTt. TeMnepaTyp. 
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