
Studies on synthesis of alumina nanopowder from

synthetic Bayer liquor

Mahyar Mazloumi, Hamed Arami, Razieh Khalifehzadeh,
S.K. Sadrnezhaad *

Materials and Energy Research Center, P.O. Box 14155-4777, Tehran, Iran

Received 5 June 2006; received in revised form 24 September 2006; accepted 27 September 2006

Available online 13 November 2006

Abstract

Procedure for synthesis of alumina nanopowder from Bayer liquor (synthetic sodium aluminate solution) is investigated.

Cooling, ageing and then addition of 3 ml/l Tiron (1,2-dihydroxy-3,5-benzene disulfonic acid disodium salt) to the supersaturated

liquor affect purity and fineness of the nanopowder product. X-ray diffraction (XRD), transmission electron microscopy (TEM),

scanning electron microscopy (SEM) and energy dispersive X-ray (EDAX) analyses indicate that purity of the alumina nanopowder

increases with the aging time. Experimental observations show that highly pure alumina nanopowders could be produced by direct

calcination of cold gelatinous sodium aluminate solution followed by careful washing at a Tiron concentration of 3 ml/l NaOH.
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1. Introduction

Alumina nanopowders can serve petrochemical, ceramic and composite industries by their excellent chemical,

electrical and catalytic properties [1]. Chemical routes for production of these materials include sol–gel, hydrothermal

processing and controlled precipitation of boehmite obtained from aluminum salts, alkoxides and metallic powders

[2–6]. Because of the expense of aluminum alkoxides and corrosive nature of inorganic salts [3], developing

alternative methods for production of alumina nanopowders by low cost non-corrosive precursors has always been the

researchers’ particular interest.

Production of alumina nanopowder from colloidal suspensions requires surfactant addition for aggregate reduction by

inter-particle attractive van der Waals force diminution [7–9]. Tiron is a commonly used surfactant causing alumina

particle dispersion, so its characteristics have been investigated by various researchers [10–12], who compared properties

of Tiron with those of other surfactants, such as 2-phosphonobutane-1, 2,4-tricarboxylic acid (PBTCA) [10], salicylic

acid, 5-sulfosalicylic acid [11], ammonium poly methacrylate (Darvan C) and aurintricarboxylic acid ammonium salt

(Aluminon) [12] and concluded that Tiron is a surfactant apt to produce a stable alumina sol at a high pH number. Since

gibbsite (Al(OH)3) precipitation from seeded sodium aluminate solution under basic conditions occurs via nucleation,

agglomeration and growth [13–15], utilization of Tiron is reasonable for stabilization of gibbsite sol.
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The smaller the gibbsite particles, the finer the alumina powders after calcination [15], which is the most desirable

condition for many non-metallurgical applications requiring enhanced chemical, electrical, mechanical and sintering

properties [16-19]. Mechanical and chemical routes as the most widely used methods are comparable in order to

reduce the size of the gibbsite particles [17]: while the former is highly energy intensive, the latter is capable of

producing finer particles [16,18].

Production of fine gibbsite particles from sodium aluminate solutions has been investigated by many researchers.

Nikolic et al. [20] have shown that decreasing the precipitation temperature and increasing the caustic soda

concentration reduces the overall growth rate of the gibbsite particles. Bhattacharya et al. [18] reported that increasing

the nucleation rate and decreasing the growth rate diminish the size of the gibbsite particles. Reducing the particle size

through unseeded nucleation has also been demonstrated before [21,22].

Although many investigations have been carried out on production of alumina nanopowders via chemical

routes, no significant result is obtained on alumina nanopowder production by using a low-cost non-corrosive

precursor like Bayer liquor accompanied with Tiron as a dispersing agent. That is why the effect of the influential

parameters on production of alumina nanopowders via sol–gel processing of synthetic Bayer liquor is studied in

current paper.

2. Experimental procedure

High purity gibbsite powder (Al(OH)3, 99.99%, Merck, Germany) was dissolved into hot NaOH solution (99%

pure, Merck, Germany) to produce synthetic sodium aluminate solution. Tiron (1,2-dihydroxy-3,5-benzene disulfonic

acid disodium salt) was added as a dispersant to the solution. A 1-l stainless steel beaker having stirrer, thermometer

and glass cover was used to run the experiments.

Supersaturation ratio of the caustic soda solution and the equilibrium concentration of Al(OH)3 were determined

from the following formulas [20]:

b ¼ A

A�
(1)

�
A�

C

�
¼ exp 6:211�

�
2486:7

T

�
þ 1:09C

T
(2)

where b is the supersaturation ratio, A the actual Al(OH)3 concentration, A� the equilibrium Al(OH)3 concentration, C

the equilibrium concentration of Na2O (in g/l) and T is the absolute temperature. Table 1 illustrates the initial

conditions of the sodium aluminate solution.

Supersaturated sodium aluminate solution was cooled rapidly off to the room temperature. It was then aged for 0, 1

and 2 h while it was rapidly stirred. Continuing vigorous stirring, 3 ml/l of Tiron was added to the suspension liquors.

The mixtures were isothermally aged for 20 h at 10 8C then they changed into viscous gels. The gels were calcined for

an hour at 1200 8C by a programmable furnace. The calcined products were then ground with a pair of mortar and

pestle, washed several times with deionized water and filtered until the filterates pH reached to �7. The produced

powders were dried for 24 h at 80 8C.

The crystalline powder was characterized by XRD analysis (Philips X’Pert diffractometer). Differential thermal

analysis was carried out with a DTA equipment (Shimadzu DTA-50) up to 1220 8C using a heating rate of 10 8C/min.

Structure and morphology of the powders were investigated by transmission electron microscopy (TEM, Philips

CM200) and scanning electron microscopy (SEM, Philips XL30). Chemical composition of the produced powder was

determined using an electron dispersive chemical analyzer (EDAX, Philips XL30).
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Table 1

Experimental conditions for initial sodium aluminate solutions used in this investigation

T (8C) b C (g/l)

60 2 200



3. Results and discussion

DTA results of the gel obtained after 2 h of aging and addition of Tiron are illustrated in Table 2 which presents a-

Al2O3 as the stable phase at 1200 8C that is also strongly confirmed by XRD results summarized in Table 3. The

average crystallite size of a-Al2O3 powder was calculated about 27.7 nm according to XRD-Scherrer formula

(Eq. (3)):

d ¼ kl

B cos u
(3)

where d is the mean crystallite size, k a constant usually equal to �0.9, l the wavelength of Cu Ka, i.e.

l = 1.54056 nm, B the full width at half maximum intensity of the peak (FWHM) in radian and u is Bragg’s

diffraction angle [23]. The estimated particle size by TEM and SEM images of the a-Al2O3 powder was 30–

100 nm and the particles were mostly polycrystals (Figs. 1 and 2). Temperature decreasing accompanied with

vigorous stirring and subsequent Tiron addition led nanometer gibbsite particles to be trapped in gelatinous state

and caused the formation of alumina nanopowders after calcination. Getting rid of water-soluble sodium aluminate

oxide the best alternative sounds to be washing with deionized water. SEM image shows agglomerated a-Al2O3

particles which might be due to these two reasons: the first is the weaker repulsion of Al(OH)4
S–Al(OH)4

S than

Al(OH)4
S–OHSand OHS–OHS bonds [24] and the second could be the effect of Na+ ions in reducing the

repulsion between particles [25].

Particle size distribution of a-Al2O3 powder characterized by zeta sizer equipment in Table 4 indicates that most

particles are in the range of 30–100 nm and the mean particle size (d50) is around 50 nm which is in agreement with

what has been observed by TEM and SEM images (Figs. 1 and 2). EDAX analysis (Table 5) predicates that the

synthesized alumina nanopowder is also of high purity with more than 99.5 wt.% Al2O3 content.

Since nanosized gibbsite particles exist in the sodium aluminate solution prior to the precipitation process [21,22],

Tiron has been added after different cooling stages to the supersaturated solution in order to take the probable particle

enlargement opportunity due to inevitable agglomeration. Cooling stage conducted before addition of Tiron, makes
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Table 2

Result of DTA test carried out on the gel produced after 2 h aging and Tiron addition

117 8C Endothermic Physical evaporation of water

200 8C Exothermic Evaporation of Tiron

350 8C Endothermic Gibbsite to boehmite transformation

451 8C Endothermic Boehmite to g-alumina transformation

1163 8C Exothermic g- to a-alumina transformation

The testing temperature was raised up to 1220 8C with a heating rate of 10 8C/min.

Table 3

Phase percentage determined by the Rietveld method and the relative intensity of the XRD peaks of the calcined powder after different ageing times

and Tiron addition

Aging

time (h)

Phases Phase

contenta (%)

Relative intensity of the phases, 2u (I/Imax)b

0 a-Al2O3 25 22.2 (100) 25.5 (57) 37.7 (77) 52.1 (71) 57.7 (57) 68.1 (48)

b-Al2O3 20 21 (60) 23.5 (56) 31.5 (91) 33.7 (100) 55.3 (43)

NaAl5O8 22.5 33.8 (100) 44 (50) 56.5 (23) 66 (23)

NaAl2O8 22.5 35.3 (100) 40 (85) 42 (81) 63.1 (48)

NaAlO2 10 21.4 (56) 30.6 (44) 34.5 (100) 48.7 (60)

1 a-Al2O3 52 35.1 (100) 37.7 (24) 52.1 (28) 57.7 (29)

NaAlO2 48 21.4 (61) 30.6 (44) 33.4 (100) 34.5 (88) 46.6 (35) 48.7 (28) 62.1 (44)

2 a-Al2O3 100 25.5 (63) 35.1 (98) 37.7 (42) 43.3 (100) 52.5 (40) 57.5 (74) 68.1 (40)

a Content of phases, determined by the Rietveld method [30].
b The 2u angles of the main peaks (I/Imax > 20%) of each phase with the relative intensities in parentheses.



M. Mazloumi et al. / Materials Research Bulletin 42 (2007) 1004–1009 1007

Fig. 1. TEM image of a-Al2O3 powder.

Fig. 2. SEM image of a-Al2O3 powder.



the following reaction reach to its equilibrium:

AlðOHÞ3ðsÞþNaOHðlÞ@AlðOHÞ�4 NaþðlÞ (4)

The above reaction might be reversed with decreasing the temperature, which could additionally cause nucleation of

gibbsite clusters with low amount of sodium [15].

Strong repulsive forces in the form of long-range hydrodynamic and short-range steric bonds in gibbsite suspension

gels cause a colloidal stability at high pH numbers [26]. It has been demonstrated that anions – especially Al(OH)4
� –

are stable species of a sodium aluminate solution at high pH numbers [27]. Negative surface charge would be present

on the gibbsite particles due to surface reaction and formation of anions at high pH numbers. With Tiron addition, the

negative surface charge increased due to the reaction of gibbsite OH groups with Tiron and the formation of an inner

sphere complex because of electrostatic forces and proton transfer on the hydroxyl groups [10,28]. This caused the

formation of a more stable suspension gel, which results in decreasing of the mean particle sizes of the alumina

nanopowder. As it has been previously demonstrated, Tiron can affect on the surface morphology of ZnO particles

lowering their mean grain size [29]; hence, it could be selected and utilized as a suitable surfactant to lower alumina

nanoparticle sizes.

Addition of Tiron right after cooling of the initial solution resulted in stabilization of sodium aluminates with

various structures. Subsequent calcination led to formation of various sodium aluminate phases like NaAl5O8,

NaAl2O8, NaAlO2 and b-Al2O3 (Na2O�11Al2O3). The contents of these phases were calculated by Ritveld method

[30], which enables a quantitative phase analysis of multicomponent mixtures from the X-ray powder diffraction data.

The presence of these phases suggested that the solution was not composed of uniform sodium aluminate particles and

other species, such as gibbsite clusters (Al(OH)4
�) and Na+ ions must, therefore, be present. By increasing the cooling

time the gibbsite phase and consequently the alumina content would rise in the resultant powder. Various sodium

aluminate phases transform to a more stable sodium aluminate oxide phase called NaAlO2 (see Table 3) due to

increasing the homogeneity of the solution. Further aging made sodium aluminate phase decompose according to

Eq. (3) and ultimately the a-Al2O3 phase content increased.

4. Conclusion

The high purity a-Al2O3 nanopowder with average crystallite size of 27.7 nm and size range of 30–100 nm was

produced through a low cost but innovative route from the well defined synthetic Bayer liquor in the presence of Tiron

playing the role of surfactant. It has been demonstrated that keeping the solution in a lower temperature prior to

addition of Tiron and also a higher aging time in the cooling step increases alumina content of the produced powder.

Calcination of the gel accompanied with subsequent washing steps omits the unfavorable sodium aluminate phase and

any probable impurities.
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