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REACTION OF AMMONIUM SULPHATE WITH ALUMINIUM OXIDE
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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,);ASO,);, NH,Al(SO,), and Al,(SO,),, 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,);AI(SO,);, NH,Al(SO,),
and AlL(SO,); 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 caia-
lysts in catalytic methods for the dry removal of NO, and SO, [1]. These have
been applied not only for the extraction of metal oxide from metal ores, but also
for the beneficiation of low-grade metal ores [2, 3]. Saba, Hussein and Khairy [4]
studied the sulphatization of Fe,O; MnO,, a mixture of Fe,O; with MnO, 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 optimum 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 (NH,),SO, and Al,O; used in the present study were
obtained from Nakai Chemicals (Japan). They were homogenized by sieving
below 200 mesh (particle size under 75 um).

Three intermediate reaction products, (NH,);Al(SO,); NH,AISO,), and
Aly(SO,);, which were identified by chemical analysis and X-ray diffraction in the
course of the reaction between (NH,),SO, and Al,O,, were prepared as follows;
(NH,);A1(SO,);: a mixture of (NH,)»SO, : AlyO; = 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 AL, O; by filtering. The solution is then evaporated to a
concentration which permits separation of the salt on cooling.

NH,AI(SO,),: 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);Al(SO,),.
Aly(SO,),: 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 {INH,),SO, can react with Al,O5)
and by X-ray diffraction.

Chemical analysis of the reaction products was performed for NH}, SO2~ and
AB* [8].

The DTA and TG data on the mixtures of (NH,),SO, with Al,O,, 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 CuK« radiation.

Results and discussion

Figure 1 shows the DTA and TG traces for various mixtures of (NH,),SO, with
Al,0;. Each of the DTA traces of the mixtures displays four endotherms, at tem-
peratures of 320, 380, 560 and 780°, respectively. The TG traces show four weight
loss regions, corresponding to the DTA traces in the same temperature ranges.
The effect of the decomposition of (NH,),SO, [9] could be neglected due to excess
addition of the oxide, though it was observed to a slight extent in Fig. 1(b) and (c).
The product in each reaction step was identified on the basis of chemical analysis
and X-ray diffraction for the (NH,),SO, / Al,O; mixture of molar ratio 1 : 4.

It was shown that the reaction products were (NH,);AI(SO,s at 320°
NH,AI(SO,), at 400°, Al,(SO,), at 600°, and Al,O3 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
NH{, AB+ and SO%~

I .
Molar ratio Chemical formula
f 1 duct
Product NHF ‘ A+ SOE' of the produc

at 320° 3.10 1.00 294 | (NHp;A1(SO,),
at 400° 0.94 1.00 2.04 | NH,A1(SO,);
at 600° 2.00 294 | AL(SO,),
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Fig. 1. DTA and TG traces of various mixtures of (NH,),SO, with AL,O, in air (heating rate =
= 10°/min). (a) pure (NH,),SO,; (b) (NH,),SO, : Al,O, = 1.8 : 1 (molar/ratio); (c) = 1 : 1.3;
(dy=1:40

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 (NH,SO, + AL,O; = 2 (NH,);AI(SO,); + gascous products (~ 300°)
(2) 4 (NHpD;AI(SO,); + AlO; = 6 NH,AI(SO,), + gaseous products (~ 350°)
(3) 6 NH,AI(SO,), = 3 Aly(SO,); + gaseous products (~ 500°)

(4) 2 Al(S8Oy); = 2 ALLO;3 + gaseous products (~ 650°)
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Fig. 2. DTA and TG traces of the three intermediate reaction proiusts 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%,
13,39 and 24.59%, respectively. Quantitative analysis of gaseous products was not
carried out, though ammonia and sulphur dioxide were detected. DTA and TG
traces of the thiee intermediate reaction products are shown in Fig. 2. X-ray dif-
fraction and the observed weight losses suggest the following reaction scheme:

(5) 6 (NH;AI(80,); = 4 NH,AI(SO,), + Al,O; + gaseous products, (~ 300°)
(6) 6 NH,AI(SO,), = 3 Aly(SO,)s + gaseous products (~ 430°)
(7) 2 Aly(SO,); = 2 AL,O; + gaseous products (~ 700°)
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The decomposition of (NH,);Al(SO,); is described by the three equations (5), (6)
and (7), that of NH,AI(SO,), by the equations (6) and (7), and so on. The observed
weight losses are 51.5 9 for reaction (5), 25.3 % for (6) and 68.8 % for (7), as com-
pared with the calculated values of 52.6, 27.9 and 70.2 %, 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 o vs. ¢ curves from isothermal weight
loss experiments for (NH,);A1(SO,); at four different temperatures between 380
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Fig. 3. Isothermal decomposition curves of (NH,);AIl(SO,), in air
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Fig. 4. Plot of contracting-volume equation for (NH,);ASO,); 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 - =kt ®)

Figure 4 shows the validity of Eq. (8), where the plots of 1 — (1 — a)Y3vs. t at
various temperatures are straight lines. The same experiments were also performed
for NH,AI(SO,); and Aly(SO,);. The temperature range of study of NH,AI(SO,),
was from 460 to 550° and for Aly(SO,); from 740 to 810°. The applicability of Eq.
(8) was confirmed for these compound too. Arrhenius plots are shown in Fig. 5,
from which the rate constants for decomposition reactions (5), (6) and (7) are given
by 7.51 x 10° exp(—95900/RT), 1.3 x 10* exp(—177900/RT) and 5.3 x 10'2
exp(—291000/RT), respectively, where R is the gas constant (J/mol/K) and T is
the absolute temperature (K).
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ZUSAMMENFASSUNG — Die Reaktion von Ammoniumsulfat mit Aluminiumoxid wurde unter-
sucht. Durch Rontgendiffraktion und chemische Analyse wurde bestitigt, daB drei Zwischen-
produkte (NH,),Al(SO,);, NH,ASO,), und Al,(SO,); gebildet werden. Die thermische Zer-
setzung der drei Verbindungen wurde durchgefiihrt. Es wurde gezeigt, daf3 fiir alle drei dasselbe
Geschwindigkeitsgesetz Giiltigkeit hat. Die Aktivierungsenergien fir (NH,),AI(SO,);,
NH,AKSO,), und AL(SO,), sind 95.9, 177.9 und 291.0 kJ/Mol.

Pestome — Mzyuena peakuus Mexay cyabhaToM aMMOHHS M OKKCBIO aJIFoMUHUA. C IIOMOILILIO
PEHTTEHO-AMGGPAKIMORHOIO aHaNu3a M XMMHUYECKOTO aHanmW3a HOATBEPXIeHO obOpazoBanue
TPEX NPOMEXYTOUHBIX NpoiaykToB peakuuu: (NH),AI(SO,),, NH,AI(SO,), u Al(SO,),. ITpo-
BEZICHO TEPMUUYECKOE PA3NIOKEHHUE ITUX TPEX COCAMHEHHM, ¥ YCTAHOBIICHO, YTO IS COOMIONAETCS
OIMH U TOT X€ 38KOH CKOPOCTH. HAYCHUS JHEPIUM akTuBaumu coeauuenuit (NH,),AKSO,),
NH,AI(SOy), n Aly(SO,),, cooTBeTCTBEHHO, paBHst 95.9; 177.9 u 291.0 kmx. Monb L.
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