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ABSTRACT 

In this study, ammonium alum was produced from Alkaleri kaolin, Nigeria. The 

effects of crystallization temperature, crystallization time and Stoichiometric ratios of 

ammonium hydroxide on the extent of removal (yield) of the alum from solution were 

studied. Crystallization was achieved using 25wt % aqueous ammonia in varying 

Stoichiometric ratios, temperatures and times respectively. Ammonium aluminium sulphate 

yield increased with increase in crystallization time, from 50mins to 120min and 

Stoichiometric ratio of 1 to 5 of aqueous ammonia. The best conditions for ammonium 

aluminium sulphate yield were 26
O
C temperature, 70mins crystallization time and thrice 

stoicheometric ratio respectively with crystallization yield of 90% achieved. The produced 

alum will serve as a coagulant in water treatment facilities and value added product from 

Alkaleri kaolin. 
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INTRODUCTION 

Alum is derived from a Latin word “alumen” and refers to several astringent 

substances most of which contains aluminium sulphate. Alum is found naturally in the earth 

and is a double salt; composed of sulphuric acid, alumina and potash [1-2]. Ammonium alum 

is a white crystalline double sulphate of aluminium usually existing as dodecahydrate with 

the formula; NH4Al(SO4).12H2O. It has a melting point of 93.5
o
C, boiling point of 200

o
C, 

molecular weight of 453.3g/mol and density of 1.64g/cm
3
 with a solubility of 15g/100ml at 

20
o
C in water. It has a cubic and octahedral crystal structure (Al3

+
) [3-4]. 

 

Kaolin is a clay mineral with the chemical composition of Al2SiO5(OH)4. It is a 

layered silicate mineral, with one tetrahedral sheet linked through oxygen atoms to one 

octahedral sheet of alumina octahedral. Rocks that are rich in kaolinite are known as China 

Clay, white clay or kaolin. Geologically kaolin comes from decomposition of feldspar in soft, 

disintegrating granite, gneiss and porphyritic rocks [2, 5, 12]. Kaolin deposits can be 

sedimentary, residual, or hydrothermal. Kaolin is usually white or near white in color. There 

is very little substitution in the structural lattice and thus it has a minimal layer charge and a 

low base exchange capacity. The kaolinite crystals, which make up most of the kaolin 

deposits, are pseudo-hexagonal along with plates as presented in figure 1 [6, 7, 13]. 
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Figure 1. SEM showing kaolin plates and stacks. Bars1 mm. 

Kaolinite was first described as mineral specie in 1817 for an occurrence in the Jari 

River basin of Brazil [8-9]. Kaolinite has a low shrink-swell capacity and a low cation 

exchange capacity (1-15meq/100mg) produced by the chemical weathering of aluminium 

silicate minerals like feldspar [6]. 

Alum on the other hand can be defined as one of a series of isomorphous double salts 

that are hydrated sulphates, chemical compounds containing the sulphate (SO4) radical. 

(Sulphates are salts or esters of sulphuric acid, H2SO4) of a univalent, divalent or trivalent 

cation (e.g., potassium, sodium, ammonium, cesium or thallium) and a trivalent cation (e.g., 

aluminium, chromium, iron, manganese, cobalt, or titanium) [1, 10] 

In this study, the process of crystallization of Alkaleri Kaolin in Nigeria into Alum is 

investigated with varying crystallization conditions, temperature and stoicheometric ratios for 

the maximization of the production of ammonium alum [11].  

 

MATERIALS AND METHOD 

The following materials and equipment were used for this study and their respective 

sources were also reported in Table 1.  

 

Table 1 Materials 

S/n Materials Grade Manufacturer 

1 Kaolin Commercial Alkaleri (Bauchi) 

2 Sulphuric acid (96wt%) Commercial MAY and Baker 

3 Ammonium hydroxide (25wt%) Commercial MAY and Baker 

4 Deionized water Commercial Gubi Dam (Bauchi) 

 

Some of the equipment employed during the course of this study are Spectrophotometer 

Perkin Elmer Model 330, USA and Chamber Furnace (LH 120/14) Nabertherm. 

 

Beneficiation 

This process involves the pretreatment of raw Alkaleri kaolin to remove impurities. 

Raw Alkaleri kaolin was poured into large drum and deionized water was mixed thoroughly 

with the clay. The mixture was stirred and allowed for a vintage of 24hrs. The fluid above the 

kaolin was decanted after this period of time. The washed kaolin was dried on a wooden 

platform, covered by inert material so as to avoid emission of metals. The dried clay was 

crushed using wooden mortar and pestle. 
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Calcination of the kaolin 

Clay is un-reactive in its natural form. Because of this fact, it is heated to increase the 

surface area available for reaction before using it as a reactant. The clay material of the 

kaolinite group was heated to a temperature greater than 500
o
C for dehydroxylation of the 

crystallographic lattice and forming meta-kaolin. Further heating to 925-950
o
C was carried 

out to convert meta-kaolin to aluminium silicon spinel. Upon Calcination to 1050
o
C, the 

spinel phase nucleates and transform to mullite and highly crystalline crystoballite. 

1............................................................................523 21361243 SiOOSiAlOAlSi 

 

The mullite can also be written as 3Al2O3.2SiO3. The Calcination was done for a period of six 

hours. The reactive clay was stored in a desiccator to prevent it from reabsorbing moisture. 

Dealumination of kaolin using H2SO4 

The dealumination process involves removing the structural alumina with acid. A 

calculation was carried out to determine the stoichiometric ratio of dilute sulphuric acid 

required to dealuminate the required quantity of the kaolin. The dealumination process 

involves the following steps; 

50g of the kaolin sample was weighed. The sample was charged in a round bottom flask 

and 433.5774cm
3
 of dilute sulphuric acid was added gently to the clay in the flask. Stop-

cocks was use to close the two extreme openings on top of the flask so that the heat of mixing 

between water and sulphuric acid will remain so as to provide enough activation energy for 

reaction. The reaction was allowed to proceed for 15min after which the stop cock was 

opened. The dealumination process is given by the reaction (2). 
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Production of ammonium alum 

This is the process whereby the dealuminated filtrate sample was treated with ammonium 

hydroxide for the formation of ammonium alum NH4Al(SO4)2.12H2O. Stoichiometric 

calculation was carried out to determine the amount of dilute ammonium hydroxide to be 

added on the dealuminated filtrate in order to obtain ammonium alum as highlighted below; 

50m
3
 of the dealuminated sample was weighed. The sample was charged into a beaker 

and 11.5cm
3
 of the dilute ammonium hydroxide solution was added for the crystallization 

process. The filtrate obtained from the dealumination process was collected and a sample was 

taken from it for aluminium sulphate concentration determination using a spectrophotometer. 

Ammonium hydroxide was added to the filtrate as presented in equation 3. 
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RESULTS AND DISCUSSION 

 

The effect of temperature on the crystallization yield was not significant as the yield 

was constant at various crystallization temperatures as presented in figure 2. Therefore, the 

crystallization process was carried out at ambient temperature of 26
O
C.  
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Figure 2. Crystal yield as a function of crystallization temperature. 

 

However, stoicheometric ratio of ammonium hydroxide and crystallization time had 

corresponding effects on the yield. Table 1 presents the crystallization yield at various 

stoicheometric ratio of ammonium hydroxide (25wt %) and time.  

 

Table 1 Crystal yield as a function of crystallization time and stoicheometric ratio. 

Runs Time (Mins.) Stoicheometric Ratio Yield 

1 30 1 50 

2 50 2 70 

3 70 3 90 

4 90 4 90 

5 110 5 90 

 

As the ratio of ammonium hydroxide content is increased, the yield also increases in 

the same direction until equilibrium is reached at stoicheometric ratio of 3 after which further 

increase does not translate to any corresponding increase in yield as presented in figure 3.  

 

 
Figure 3. Crystallization yield at various ratios of ammonium hydroxide (25 wt%) at 26

O
C 
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Also, it is observed that the crystal yield increased with increase in time of 

crystallization until it reaches 70 minutes where the yield became constant as illustrated in 

figure 4. This shows that the best conditions for the yield are 70 minutes and stoicheometric 

ratio of 3. It is therefore not expedient to crystallize for a period longer than 70 minutes. 

 

 

Figure 4. Crystallization yield at various times of crystallization and constant temperature. 

 

CONCLUSION 

Ammonium aluminium sulphate can be crystallized out of the Alkaleri kaolin 

dealumination filtrate using ammonium hydroxide. Crystallization yield increased with 

increase in Stoichiometric ratio of 25wt % ammonium hydroxide and also increased with 

increase in time of crystallization, while temperature had no significant effect on the 

crystallization yield. The crystallization yield achieved was 90%. From the results, an 

adequate yield can be obtained by using Stoichiometric amount of ammonium hydroxide and 

crystallization at 26
o
C room temperature for 70 minutes. The results obtained from this 

investigation are within the limits of accuracy of the method of analysis adopted and the 

purity of ammonium hydroxide used. The produced alum will be a cheap alternative source to 

coagulants and also serve the purpose of water purification invariably adding value to already 

existing raw materials. 
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