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The reaction between ammonium sulphate with aluminium oxide was studied. It was 
confirmed by X-ray diffraction and chemical analysis that three intermediate reaction 
products, (NH~)3AI(SO4)3, NH~AI(SO4)2 and A12(SO4)3, are formed. The thermal de- 
compositions of these three compounds were carried out. It has been shown that the 
same rate law is valid for them. The activation energies for (NH,)3AI(SO4)3, NH~ AI(SO4)~ 
and A12(SO4) 3 are 95.9, 177.9 and 291.0 kJ/mol, respectively. 

Generally, study of  the reactions of ammonium sulphate with metal oxides is 
important from the standpoint of  the poisoning and recycling of  metal oxide cata- 
lysts in catalytic methods for the dry removal of NO x and SOx [1 ]. These have 
been applied not only for the extraction of metal oxide f rom metal ores, but also 
for the beneficiation of low-grade metal ores [2, 3]. Saba, Hussein and Khairy [4] 
studied the sulphatization of Fe~.O3, MnO2, a mixture of  Fe.~O3 with MnO2 and 
local ferruginous manganese ores with ammonium sulphate, and discussed the 
reaction scheme on the basis of  X-ray and analytical results. 

The reaction of ammonium sulphate with aluminium oxide has mainly been in- 
vestigated by Russian researchers [ 5 -7 ] ,  who established the opt imum conditions 
for sulphatization. The present work is intended as a more detailed investigation 
of the progressive solid-state reaction between mixtures of ammonium sulphate and 
aluminium oxide, and of the thermal decompositions of  the products, by thermal 
analysis. 

Experimental 

The starting materials (NH4)2SO 4 and AI.~O3 used in the present study were 
obtained from Nakai Chemicals (Japan). They were homogenized by sieving 
below 200 mesh (particle size under 75/lm). 

Three intermediate reaction products, (NH4)aAI(SO~)3, NH4AI(SO4)2 and 
A12(SO4)a, which were identified by chemical analysis and X-ray diffraction in the 
course of  the reaction between (NH4)2SO 4 and AI~O3, were prepared as follows; 
(NH4)aAI(SO4)3: a mixture of (NH,~)2SO4 : Al~.O3 = 1 : 4 (molar ratio) is heated 
to 300 ~ and kept for an hour at the same temperature. This sample is dissolved in 
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water to remove the excess A120 3 by filtering. The solution is then evaporated to a 
concentration which permits separation of the salt on cooling. 

NH~AI(SOa)2: the same mixture is heated to 400 ~ and kept for 30 minutes at the 
same temperature. The separation process is the same as for (NH~)aAI(SO4) z. 
A12(SOa)3: the mixture is heated to 600 ~ The separation is the same as the above- 
mentioned one. 

The purities of the three materials obtained were checked by weighing the heat- 
treated sample (assuming that the total amount of  (NH4)~SO 4 can react with AI~O~) 
and by X-ray diffraction. 

Chemical analysis of  the reaction products was performed for NH2-, SO42- and 
AP + [8]. 

The DTA and T G  data on the mixtures of (NHa)2SO4 with A1203, as well as on 
the reaction products, were obtained simultaneously with a Shimazu DT-2B ther- 
mal analyser apparatus, in air. Powder X-ray diffraction patterns were recorded 
with an X-ray diffractograph, using CuKe radiation. 

Results and discussion 

Figure 1 shows the DTA and T G  traces for various mixtures of  (NH,)zSO~ with 
A120~. Each of the DTA traces of  the mixtures displays four endotherms, at tem- 
peratures of  320, 380, 560 and 780 ~ respectively. The T G  traces show four weight 
loss regions, corresponding to the DTA traces in the same temperature ranges. 
The effect of the decomposition of (NH4)2SO4 [9] could be neglected due to excess 
addition of the oxide, though it was observed to a slight extent in Fig. l(b) and (c). 
The product in each reaction step was identified on the basis of chemical analysis 
and X-ray diffraction for the (NHa)2SO ~ / A120 3 mixture of  molar ratio 1 : 4. 

I t  was shown that the reaction products were (NH4)aAI(SO4)3 at 320 ~ 
NH~AI(SO4)2 at 400 ~ AI~(SO4)a at 600 ~ and A1203 at 800 ~ Table 1 gives the results 
of  chemical analysis of  the mixtures heat-treated at various temperatures. 

Table 1 

Determination of the products formed at various temperatures by chemical analysis of 
NH4 + , A13+ and SO~- 

at 320 ~ 

at 400 ~ 

at 600 ~ 

NHt 

3.10 

0.94 

Molar ratio 

A13 + 

1.00 

1.00 

2.00 

so~- 

2.94 

2.04 

2.94 

Chemical formula 
of  the product 

(NH4)3A1 (SO4)a 

NH4A1 (SO4)2 

AIz(SO4)~ 
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Fig .  1, DTA and TG traces of various mixtures of (N H~)2SO~ with A I.2Q in air (heating rate = 
= 10~ (a) pure (NH4),,SO4; (b) (NH~)eSO 4 : A120:~ =: 1.8 : 1 (molar/rat io);  (c) = 1 : 1.3; 

( d )  = 1 : 4 . 0  

On the basis of thermal analysis, supported by X-ray diffraction and chemical 
analysis of each reaction product formed at the different temperatures, the follow- 
ing reaction sequence may be proposed : 

(1) 6 (NH4)2SO 4 + AL, O3 = 2 (NH4)3AI(SO~)3 + g a s c o u s  products (,,~ 300 ~ 

(2) 4 (NH4)3AI(SO,0,~ + AlzO..~ = 6 NH4AI(SO4)2 + gaseous products (,~ 350 ~ 

(3) 6 NH4AI(SO4)2 = 3 A1~(SO4)3 + gaseous products (~  500 ~ 

(4) 2 A12(SOa) 3 = 2 A1203 + gaseous products ( ~  650 ~ 
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Fig. 2. D T A  and TG traces of  the three intermediate reaction pro:lazts in air 

The observed weight losses are 4.6% for reaction (1), 7.3 % for reactions (1) + 
(2), 13.2% for reactions (1) + (2) + (3), and 23.9 % for reactions (1) + (2) + (3)+ 
(4). The cumulated weight losses calculated for reactions (1) to (4) are 5.3 %, 7.2 %, 
13,3 % and 24.5 %, respectively. Quantitative analysis of gaseous products was not 
carried out, though ammonia and sulphur dioxide were detected. DTA and TG 
traces of the thlee intermediate reaction products are shown in Fig. 2. X-ray dif- 
fraction and the observed weight losses suggest the following reaction scheme: 

(5) 6 (NH4)3Al(SO4)3 = 4 NH4AI(SO4)2 + A1203 + gaseous products, (N 300 ~ 
(6) 6 NHaAI(SO4) 2 = 3 A12(SO4)3 + gaseous products (~ 430 ~ 
(7) 2 A12(SO~)3 = 2 AI20~ + gaseous products (~ 700 ~ 
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The decomposition of  (NH4)3AI(SO~)3 is described by the three equations (5), (6) 
and (7), that of  NH4AI(SO4)~ by the equations (6) and (7), and so on. The observed 
weight losses are 51.5 7o for reaction (5), 25.3 7o for (6) and 68.8 700 for (7), as com- 
pared with the calculated values of 52.6, 27.9 and 70.2 7o, respectively. 

Physiak and Pacewska [ 10] reported the thermal decomposition of  basic alumi- 
nium ammonium sulphate in vacuum. The decomposition scheme suggested by 
them is rather complex compared with ours, probably due to their starting material 
being different from ours, Figure 3 shows the c~ v s .  t curves from isothermal weight 
loss experiments for (NH~)3AI(SO4)3 at four different temperatures between 380 
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Fig. 3. Isothermal decomposition curves of (NH4),~AI(SO4),~ in air 
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Fig. 4. Plot of contracting-volume equation for (NH~)3AI(SO4) 3 vs .  time 
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Fig. 5. Arrhenius plots of decomposition reactions of the three intermediate products 

and 460 ~ The kinetics of the decomposition follows the contracting-volume equa- 
tion (8), 

1 - (1 - ~)1/3 = k t  ( 8 )  

Figure 4 shows the validity of  Eq. (8), where the plots of 1 - (1 - ~)1/3 vs. t at 
various temperatures are straight lines. The same experiments were also performed 
for NHaAI(SO~)3 and A12(SO4) 3. The temperature range of study of NH~AI(SO4)2 
was f rom 460 to 550 ~ and for A12(SO4) 3 from 740 to 810 ~ The applicability of  Eq. 
(8) was confirmed for these compound too. Arrhenius plots are shown in Fig. 5, 
f rom which the rate constants for decomposition reactions (5), (6) and (7) are given 
by 7.51 x 10 ~ exp(-95900/RT), 1.3 x 101~ exp(-177900/RT)  and 5.3 x 1012 

exp( -291  O00/RT), respectively, where R is the gas constant (J/tool/K) and T is 
the absolute temperature (K). 

The authors are grateful to Dr. H. Osada and Mr. H. Nakamura, Department of Environ- 
mental Engineering, Kyushu Institute of Technology, for their helpful discussions. 
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ZUSAMMENFASSUNG - -  Die Reaktion von Ammoniumsulfat mit Aluminiumoxid wurde unter- 
sucht. Durch RSntgendiffraktion und chemische Analyse wurde bestfitigt, dab drei Zwischen- 
produkte (NHa)~AI(SOa)~, NH~AI(SOa)z und Alz(SO4)~ gebildet werden. Die thermische Zer- 
setzung der drei Verbindungen wurde durchgeffihrt. Es wurde gezeigt, dab ffir alle drei dasselbe 
Geschwindigkeitsgesetz Gfiltigkeit hat. Die Aktivierungsenergien ffir (NH4),AI(SO~) ~, 
NHaAI(SOa)e und AIz(SO~)~ sind 95.9, 177.9 und 291.0 kJ/Mol. 

Pe3roMe - -  ]/13yqe~a pearuHn Meg~Iy cyY/bdpaTOM aMMOnHS I~ OKHCbrO aaroMrmi~. C nOMOmb~o 
peIaTreno-~tHqbqbpaxttnonnoro anann3a xa XnMr~qecgoro aRann3a nO~lTaepz(~eHo 06pa30Bamle 
Tpex npoMexyTo,~m, lx npo~yKroB peaKllrlrI: (NHa)zAI(SOa)a, NH4AI(SOa) 2 n AI2(SOa) 3. Hpo- 
Be,~eno xepMn'~ecKoe pa3no>xenne ~xnx xpex coe~mtean~, n yCTaHOBnerIo, '~XO ~n~ c06aro~taexcg 
O,~ISH 14 TOT ~e 3aXOH cropocT~. 3tlaueH~ls 3Hepr~rI aKTHsa~rtrI coe, ql~Hem,i~ (NH,)3AI(SO,),~, 
NH4AI(SOa)2 v~ A12(SO4)~, COOTBeTCrBeHHo, paan~,t 95.9; 177.9 rt 291.0 I(~I~. MOrn, -~. 
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