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Abstract

The present work dealt with the utilization of alum sludge, which acted as an aluminum source, for producing aluminum hydroxide (Al(OH)3)
and layered double hydroxide (LDH). The effects of the acid treatment and the neutralization with an aqueous sodium bicarbonate (NaHCO3)
solution or with CO2 gas on the Al(OH)3 products were investigated. The Al(OH)3 samples were characterized by powder X-ray diffraction,
Fourier transform-infrared spectroscopy, thermal analysis, scanning electron microscopy, X-ray energy dispersive spectroscopy and N2

adsorption–desorption. A maximum 87.23% yield of Al(OH)3 was achieved under conditions as follows: the treatment of 10 g of alum sludge
with 15 ml of sulfuric acid (16 mol/L) at 170 1C for 1 h, followed by the separation of Fe(OH)3 and Al(OH)3. Depending upon the conditions of
extraction and precipitation, the Al(OH)3 products appeared to be in the form of boehmite and bayerite or their mixture. Varying neutralization
influenced the purity, yield, morphology, and texture of the Al(OH)3 products. Amorphous Al(OH)3 was obtained by using CO2 gas for the
neutralization, whereas fiber-like crystalline Al(OH)3 was obtained by using an aqueous NaHCO3 solution for the neutralization. With addition of
an external magnesium source, the resultant Al(OH)3 can then be converted into crystalline layered double hydroxide (LDH) by a coprecipitation
and hydrothermal method. The results indicated that crystalline and amorphous Al(OH)3 can both undergo decomposition and subsequent
reassembly with Mg species to form crystalline LDH.
& 2014 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Alum, with a formula of AlK(SO4)2 � 12H2O, is widely used
in food [1], flame retardant [2], the treatment of poultry litter
[3] and water [4], medicine [5] and composite materials [6]. It
is usually produced from alunite minerals. Alunite is calcined
and then the resultant solid is exposed to humid air for a
considerable time so that it falls into powder via deliquesce

and efflorescence. The powder is then lixiviated with hot
water. In this way, the alum was dissolved in water. After press
filtration, the filtrate and the insoluble solid filter residue are
obtained. The filtrate is used for recrystallization, yielding the
crystalline alum product. The insoluble solid filter residue,
usually called alum sludge, is usually discarded as a solid
waste [7].
Chemical analyses show that alum sludge consists of

aluminum compounds, SiO2 and Fe2O3 [8]. Namely, alum
sludge proved to be an aluminum-rich solid. Over the past
decades, many attempts have been made to utilize alum sludge
technologically and economically [9–13]. For example, alum
sludge is thought to be used as adsorbent for the removal of
phosphorus [9], Pb(II), Cr(III), Cr(VI) [10], As(III) and As(V)
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[11] from wastewater. It is also suggested that alum sludge can
be used for constructing a wetland system [12]. In addition,
some researchers reported that alum sludge can be added to a
nutrient-deficient soil to improve cereal productivity on it [13].

In contrast to above-mentioned uses, using alum sludge as
an aluminum source for producing value-added products such
as aluminum hydroxide Al(OH)3 and layered double hydro-
xide is more attractive. Usually, Al(OH)3 is produced from
bauxite ores in industry [14,15]. Al(OH)3 can then be used to
produce to alumina (Al2O3). Both Al(OH)3 and Al2O have
many applications in ceramics [16,17], catalyst supports
[18,19], adsorbents [20] and functional fillers in polymeric
materials [21]. Undoubtedly, to produce Al(OH)3 from alum
sludge is of much value and such a product has existing large
marketplace.

It is also worth noting that aluminum-containing compounds
are indispensable starting sources for the production of layered
double hydroxide (LDH) [26,27], which has a general formula
of MII

1�yM
III
y (OH)2(X

n�)y/n �mH2O, where MII, MIII, and Xn�

denote divalent metal cation, trivalent metal cation and
interlayer anion, respectively [22], and y is in the range of
0.2–0.33 [23]. For example, Mg3Al(OH)8(CO3

2�)0.5 �mH2O
(MgAl–LDH) can be prepared from an Al source and a Mg
source. Because of its peculiar layered structure, anion
exchangeability and tunable chemical composition, LDH has
many practical and potential applications in the fields of
ceramics [24,25], catalysts [26–29], adsorbents [30–32], drug
delivery [33–36], polymer fillers [37,38], supercapacitors [39–41],
and so forth.
In this work, attempts were made to use alum sludge as an

Al source for producing Al(OH)3. The process studied
involved several steps such as acid treatment, precipitation,
dissolution, separation and re-precipitation. Particularly inves-
tigated were the effects of two kinds of re-precipitation
methods, namely the neutralization with an aqueous sodium
bicarbonate (NaHCO3) solution or with CO2 gas, on the Al
(OH)3 products. Then, using the resultant Al(OH)3 to produce
LDH was explored.

Fig. 1. The schematic drawings showing the utilization of alum sludge to produce aluminium hydroxide. (A) The flow chart. (B) The set-up for the re-precipitation
process of aluminum hydroxide by using CO2. (1-CO2 cylinder, 2-Air compressor, 3-Rotameter, 4-Reactor, 5-water-bath heater, 6-pH meter.)
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