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Abstract:  
For this paper, the dried, milled and particle size classified aluminum hydroxide samples were collected from 

the new unit, designed to produce different grades of dried and milled aluminum hydroxide with specific 

particle size distribution at Alum SA Tulcea, Romania. The research program included the selection of several 

samples based on particle size and particle size distribution, namely, fractions 0-10, 0-20, 0-45 and 45-150 

microns, and the normal Bayer product 0-150 microns as blank sample. The thermal treatments of these 

samples consist in their heating up at a rate of 5ºC/minute at 260°C, 300°C and respectively, 400°C, followed 
by a 3 hours more heating at each final temperature. In our previous experiments, all the emerging materials 

have been characterized by measuring their basic properties, as: mass loss during heating, crystalline and 

amorphous phase composition, BET specific surface, pore size distribution, particle size distribution, 

dehydroxylation degree, and other minor properties. In this paper, additional information has been added for 

full characterization of the above materials by measuring the last important technical properties of aluminum 

hydroxide: water adsorption capacity, oil adsorption capacity, absolute density and whiteness degree.  

Background: Gibbsite Al(OH)3, without any doubt, is the most important product manufactured at industrial 

scale, among all the hydrated alumina grades. Actually, most of the other hydrates with any industrial uses did 

come from different quality classes of the gibbsite, or as raw material precursors in different technologies of 

thermal treatment, from simple calcination up to the hydrothermal conversion. Gibbsite activation is a 

common way to improve reactivity of the industrial products and to conduct the process to the desired final 

product or to any requested quality of the products. 
Materials and Methods. Because one purpose of this paper was to point up the importance of particle size 

distribution (PSD) in the aluminum hydroxide phase transitions, as well as in their amorphisation process, 

there have been selected only 4 samples, which can rightly exhibit the large difference between them, in terms 

of particle sizes and PSD. The samples have been firstly dried at 60°C for 24 h, and then calcined at 260°C, 

300°C and respectively, 400°C, under different temperature conditions, in order to obtain low temperature 

calcined alumina products 

Results. The new crystalline and amorphous products were characterized by measuring the following 

properties: particle size dimensions (PSD), crystallinity, density, brightness, water adsorption capacityand oil 

adsorption capacity. Also, was studied the correlation of these properties with the thermal amorphisation 

process parameters. 

Conclusions. This entire study has demonstrated that the final properties of low temperature calcined 
aluminas are dependent on the following dynamic factors: temperature and rate of heating, initial particles 

dimension and advanced grinding or intensive mechanical activation. 

Key words: Calcined aluminas, crystallinity, density, brightness, water adsorption capacity, oil adsorption 

capacity, particle size dimensions. 
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I. Introduction  
Aluminum hydroxide, as an intermediary wet product (gibbsite, Al2O33H2O), is industrially produced 

by Bayer process from different kinds of bauxite and further converted by calcination into high temperature 

ceramic alumina or in alumina for metallurgical use. Mainly, the gibbsite quality, particle size, crystallinity and 
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crystals morphology are strongly influenced by the Bayer process parameters [1-4]. Aluminum hydroxide and 

its related hydrates are very important materials with various industrial applications, mainly as: adsorbents and 

water purification reactants [5-9], fire retardants and fillers for plastics and silicon rubber composites [10-15] 

and coating materials [16-18]. Any of their precursor phases [19-22], as well as the high temperature ceramic 

oxides [23-25], porous ceramics and castable ceramics [26-27], and low temperature calcined alumina may 

serve as raw materials for catalysts and catalyst supports [28-32]. All these applications are requiring a long row 

of specific properties, like pore size and pore size distribution [33,34], a high specific surface area [35–37], and 
the degree of crystallinity, which also plays an essential role [38–41] in all categories  of alumina hydrates 

related products. 

Gibbsite Al(OH)3, without any doubt, is the most important product manufactured at industrial scale, 

among all the hydrated alumina grades. Actually, most of the other hydrates with any industrial uses did come 

from different quality classes of the gibbsite, or as raw material precursors in different technologies of thermal 

treatment, from simple calcination [42-46] up to the hydrothermal conversion [47-49]. Gibbsite activation is a 

common way to improve reactivity of the industrial products and to conduct the process to the desired final 

product or to any requested quality of the products. Thus, the simple grinding is an easy way to activate the 

gibbsite, as well as the bayerite or boehmite [50-52]. Intensifying the activation by larger mechanical energy 

impact in grinding stage, it is possible to convert the gibbsite directly to α-alumina at lower temperature [53]. 

Also, the process can be controlled through the cycle gibbsite-boehmite-ceramic oxides, only coupling the 
mechanical energy impact with adequate temperature values during each stage of conversion [54]. Because the 

mechanical activation of gibbsite as precursor is made before the thermal treatment [55], the process could be 

extended with a super activation by attrition [56,57]. 

Boehmite is a valuable fine precursor. Its simple synthesis consists in decomposition of the sodium 

aluminate solutions with CO2, like in modified Bayer process [58]. But, the real first rated precursor requires 

much more elaborated procedures [59-61]. Even if the boehmite is a processed material with improved 

properties, some new grades of boehmite have been prepared by over mechanical activation (attrition) of the 

primary boehmite, obtained by suitable thermal treatments of gibbsite [62]. Also, boehmite, related or not 

related to Bayer gibbsite, is an aluminum oxy-hydroxide with remarkable applications by itself or as a precursor 

for different materials used in the catalysis and adsorption domains, where the most well-known intermediary is 

γ-Al2O3 [36][63,64]. The most important investigations of the gibbsite/boehmite dehydroxylation process and 

the phase transitions mechanisms of new born mineral phases, under various conditions (heating rates, 
precursors, the thermal and mechanical activation), cover a large aria of extensive researches. All the literature 

reports are indicating just two paths of individual compounds formed during the thermal transitions from 

gibbsite to α alumina. Little information is available about the kinetics of dehydroxylation processes and their 

associated mechanisms [19]. Under high heating rate, the fine gibbsite particles are partially transformed into an 

amorphous product (ρ-alumina). This intermediate product has a significant higher reactivity and under specific 

conditions exhibits unusual thermal stability until 800°C [9]. On the contrary, when the heating rate is low or 

fairly closed to equilibrium conditions, the dehydroxylation and the expected crystalline phases lattice changes 

are simultaneous taking place, resulting crystalline oxidic compounds (boehmite at temperatures higher than T > 

180°C, and χ-Al2O3 at T ≥ 250°C) [12]. Actually, the following dynamic factors control all the phase transitions 

mechanism from Al2O3-3H2O to α- Al2O3: temperature and rate of heating, particles size dimension of Al2O3-

3H2O before the heating treatments, advanced grinding and the intensive mechanical activation of Al2O3-3H2O, 
as raw material [65]. In the previous works [66,67] have been presented new data about the contributions of 

both calcination temperature and particles size dimensions upon the different phase transitions with significant 

changes in crystallinity, and properties of the individual products, emerging after the thermal decomposition of 

Al(OH)3. The thermal decomposition of crystalline Al(OH)3 was studied over the temperature range of 260°C – 

400°C and for particle sizes between 10 and 150 µm. In this work, concerning the aluminum hydroxide thermal 

activation and activated products physical and mineralogical properties, some data are partially drawn from the 

previous papers [66, 67]. The new data acquired in this paper, concerning the technical properties of low 

temperature alumina products, were arranges in such a way to highlighten the contribution of thermal activation, 

and respectively, the contribution of initial particle sizes, as dynamic factors in conversion of the initial mineral 

into the final products with industrial uses. This paper is the result of technical and scientifically collaboration 

between Vimetco SA Tulcea and University Politehnica Bucharest. 

 

II. Material And Methods  
Samples preparation 

The dried aluminum hydroxide was provided by SC ALUM Tulcea SA, Romania. The selected specimens of 

dried, milled and classified material are presented in the table 1.  
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Table 1. Samples particle size dimensions and heating temperature 
Samples Sample S1 Sample S3 Sample S4 Sample S5 

Sizes, µm 0 - 150 µm 0 – 20 µm 0 – 10 µm 45 - 150  µm 

No heating S1 25ºC S3 25ºC S4 25ºC S5 25ºC 

260 ºC S1 260ºC S3 260ºC S4 260ºC S5 260ºC 

300 ºC S1 300ºC S3 300ºC S4 300ºC S5 300ºC 

400 ºC S1 300ºC S3 400ºC S4 400ºC S5 400ºC 

 

Additional information regarding the initial specimens of dried aluminum hydroxide are presented in 

the previous papers [1-3, 66, 67]. Because one purpose of this paper was to point up the importance of particle 

size distribution (PSD) in the aluminum hydroxide phase transitions, as well as in their amorphisation process, 

there have been selected only 4 samples, which can rightly exhibit the large difference between them, in terms 

of particle sizes and PSD (Table 1 and Figure 1). The powders have been firstly dried at 60°C for 24 h, and then 

calcined at 260°C, 300°C and respectively, 400°C with a heating rate of 5°C/minute, followed by a 3 hours 
more heating at final temperature. After the heating treatments, the samples were cooled dawn in the oven until 

room temperature and then weighed, before particle size determination. 

 

 
Figure 1. Samples particle size dimension before heating (samples at 25°C) and after heating (samples at 

260, 300 and 400°C). The D90 values of the samples PSD 

 

Heating temperature selection 

The heating temperature choice is ground on literature data concerning the aluminum hydroxide 

activation by advanced grinding and on expected changes in the phase transitions mechanism and 

amorphysation rate. In the figures 2 and 3 are given the thermal analysis diagrams for samples S1 and S3, 

having very a large differences in their particle sizes (figure 1). Both figures show that the significant expected 

differences between the mechanisms involved in the first transition of gibbsite (main mineralogical phase in 

aluminum hydroxide) to other crystalline or amorphous phases did realty taken place. In the figure 2, sample S1, 

containing larger particles, is shown a first transition process, associated with two successive stages of water 

loss. In the figure 3, the sample S3, containing smaller particle sizes, presents the same transition process, but 

only in one single stage.  

However, the both single stage and two stages processes produced the same mineralogical phases: 
boehmite and amorphous gibbsite [67]. Accordingly, for improving and broaden the properties of aluminum 

hydroxide, amorphous phases partial recrystallization are preferred to be promoted. Thus, the selected 

temperature values for aluminum hydroxide calcination at low temperatures were laid at 260°C, 300°C and 

400°C. In both figures, 2 and 3, it is easy to notice that temperature 260°C is located at the beginning of the first 

phase transition, where already small water loss had taken place and the material starts the amophisation stage. 

Temperature 300°C is placed very close to the end of main dehydroxilation stage, where some crystalline or 

amorphous phases are nucleating and growing. At 400°C, a new phase (usually kappa alumina hydrate) may 

crystalize or may be partially dehydroxylated, while the material remains amorphous around this temperature. 

The same behavior has been observed to the sample S5 (larger particle sizes) and to the sample S4 (smaller 

particle sizes) from table 1 and figure 1, which partially confirms that particle dimension acts as an active 

parameter in the aluminum hydroxide phase transitions. 
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Figure 2. TG/DSC thermal analysis diagram of the sample S 1. 

 

 
Figure 3. TG/DSC thermal analysis diagram of the sample S 2. 

 

Characterization and Analysis Methods.  

Absolute density determination. Materials, which make the subject of this research, have a high fine porosity 

and a large total volume of pores per cubic centimeter. For acceptable quality measurements of the true density, 

it has been selected an automatic pycnometer, the Pycnomatic ATC (Thermo Fisher Scientific) equipment, that 

mainly uses analytical purity helium as test gas. The advantage of using hellium in this kind of determination 

consists in: high thermal conductivity and ideal gas behavior at room temperature. Integrated calibration 
procedure is done by a built-in Peltier module (temperature control range: from 18 to 35°C in steps of 0.01°C), 

required to reach quick sample thermal stability and easiness in the appropriate operations for accurate 

measurements. Helium has a very small atomic size, and can easily penetrate even to extremely small pores 

from a solid porous sample, managing to help to a reliable determination of true volume occupied in the sample. 

The high thermal conductivity of helium and the ideal gas behavior at room temperature make this technique 

extremely accurate and fast.  

Brightness/whiteness degree determinations. The brightness/whiteness degree was measured by two different 

methods: Method 1. The method uses the NH 310 Portable, Colorimeter, Shenzhen Threenh Technology Co., 

Ltd. The equipment is provided with built in (white and black) calibration at startup, source of light D65 and the 

illumination system with LED blue light excitation. The measured color parameters are the CIE Lab 

coordination indexes, and the degree of brightness/whiteness is computed with the formula: BD=100- ((100-
L)2+a2+b2))1/2. Method 2 Degree of whiteness measurements, according ISO 2470 and ISO 3688 standards, have 

been made in blue light (Wb=R457) with the whiteness colorimeter PCE-WSB 1, PCE Deutschland GmbH. The 

device can find out the brightness level by measuring the intensity of the diffused light reflection on a scale from 

1 to 100. The brightness of an absolute black surface is considered equal to 1. The black, white and brilliance 

standards were used for ensuring accurate and repeatable measurements and consistently results. We have check 

both methods and decided to use the method 2, because it is more clear-cut and has better repeatability. 

Capacity of oil adsorption determination. The oil absorption capacity by the non-heathed and heated 

aluminum hydroxide at 260 °C, 300 °C, 400 °C, 600 °C, was performed according to ASTM D1483-12 standard 

“Test Method for Oil Absorption by the Pigments,  Gardner- Coleman Method”. This method involves the 

measuring of crude linseed oil volume absorbed by a known mass of particulate material, as a result of gentle 

mixing and folding until the full saturation point. A mass of aluminum hydroxide sample, equivalent to a 
volume of 3,0 ± 0,6 ml was accurate weighted and transfered to a glass container. The oil from the burette is 

added at a flow rate of 1 drop/second, mixing continuously, gently and pliably, the powder with the spatula. It is 

recommended not to rub or crush the resulting mixture and also, to allow the oil to flow over the dry portions of 
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the powder. The end point is reached when, with a rolling action of the spatula, the powder accumulates in a 

single ball or the excess oil contaminates the walls of the glass container. The oil absorption capacity is reported 

as mL per 100 g dried product.. 

Water adsoption capacity determination. The ability of a particulate material to absorb water from the air 

(moisture absorption) is defined by the ratio of the mass of water contained in the material saturated with water 

(g) (m2-m1) to the mass of material in dry state (g) (m1) (equation 1).   

WW = 100 (m2 – m1)/m1                              (1)       
where is Ww is the capacity tto absorb water vapors, g HrO/100 g dry Al (OH)3.  

The moisture absorption of a material is dependent on temperature and to relative humidity of the air. A high 

value of air humidity, associated with a lower temperature, will lead to a higher water vapor absorption capacity, 

At equilibrium, WW is the maximum capacity of water absorption. For the experimental determination of water 

vapor absorption capacity in the case of non-heat treated particles, as well as those heat treated particles at 

260ºC, 300ºC, 400ºC and 600ºC, the thermostatic climate chamber Discovery DY110C (ACS) has been used. 

This climate chamber has the possibility to simulate environments with a temperature varying between -

70ºC/+180ºC, with humidity up to 100% or with corrosive chemical agents, in order to determine the quality of 

analyzed materials and their ability to withstand to various stressing factors. Thus, the materials for analyzes 

were initially placed for 4 hours in the oven at 105 ºC for absolute drying, then the weighed samples with a mass 

(m1) of 1 g ± 0.01 g, have been placed in Petri dishes, and the Petri dishes were laid in the climate chamber. 
Two sets of parameters were used (simulation conditions): a) temperature 25 and 60 ºC and relative humidity of 

50%; and b) 75% relative humidity and 60 ºC temperature. In both cases, the exposure time to the simulated 

climatic conditions was 24 hours. After completion of the cycle, the samples were weighted, determining the 

mass of materials saturated with water vapor (m2). 

Other analyses concerning particle size distribution, chemical compositions, TG-DSC thermal analysis, BET 

and Langmuir specific areas, and porosity determinations have been presented in previous papers [66, 67]. 

Equipment for particle size dimension determination, solid phase chemical analysis (XRF fluorescence 

analysis), mineralogical analysis (XRD, diffractometer), TG/DSC thermal analyses, scanning electron 

microscopy and BET nitrogen absorption surface characterization and pore size analysis have been largely 

described in the papers [67, 68]. 

 

III. Results  
Particle size analysis after heating treatment. The figure 1 shows little increases in dimensions of particle, 

illustrated by D90 parameter for all samples by comparing with the D90 fractions in non-heated samples. That 

means there are no significant particle breakage or agglomerations during heating and consequently, the initial 

samples Gauss distribution are preserved over entire heating period. Exception is in the case of sample 5, where 

the particle size distributions seem to be positively skewed, because the fraction 0-45 µm was removes before 

the heating process. .Actually, the expansion of the water vapors at the given heating rate was consumed just for 

pore density growth without significantly affecting the mechanical strength of particles. Also, the figure 1 shows 

very clearly the great differences in size and particle size distribution between samples S1 and S5, and Sample 

S3 and S4. 
Surface area parameters. The main driving forces in surface area extension of the particulate aluminum 

hydroxide are the heating rate, final heating point and time length for mineralogical phases stabilization at the 

end of heating process. It is well known that some other factors may supplementary activate the process or 

control the precursors number or lines of phase transitions. But, the selection of samples heat treatments and 

particle size dimension may certainly avoid such a kind of interferences. In order to illustrate the contribution of 

particle size parameter to the surface extension in aluminum hydroxide particles, five specific parameters, 

commonly used to describe the both surfaces and particles porosity have been taken into account: P1-BET 

surface area; P2-BJH Adsorption cumulative surface area of pores between 1.7000 nm and 300.0000 nm; P3-

BJH Adsorption cumulative volume of pores between 1.7000 nm and 300.0000 nm, P4-Adsorption average pore 

width and P5-BJH Adsorption average pore diameter. In the figures 4 and 5 are presented the above mentioned 

5 parameters variation with heating temperature and particle size dimension (table 1). Beside the thermal 
activation, which is clearly more visible at 300°C and 400°C, can be also easily seen, that values for parameters 

P1-P3 recorded for samples S3 and S4 are obviously higher than the values of the same parameters measured for 

samples S1 and S5 (figure 4).  



Technical Properties and Uses of the Aluminum Hydroxide, Dried, Milled and Classified 

DOI: 10.9790/5736-1506021022                            www.iosrjournals.org                                                 15 | Page 

 
Figure 4. Samples specific surface parameters: P1. BET Surface Area, m2/g; P2. BJH Adsorption cumulative 

surface area of pores between 1.7000 nm and 300.0000 nm, m2/g;  P3, BJH Adsorption cumulative volume of 

pores between 1.7000 nm and 300.0000 nm, cmc/g x 10-3. 

 

 
Figure 5. Samples porosity parameters P4. Adsorption average pore width, nm; P5. BJH Adsorption average 

pore diameter, nm 
 

 This assertion is valid even for temperature 25°C (unheated samples), where the gibbsite material 

activation due to grinding and classification is perceivable. But the real effect of diminishing particle diameter is 

seen for samples S3 and S4 at 400°C. In this particular case the increase in BET surface for samples S3 and S4 

is 20-25% higher than values obtained for samples S1 and S5. Some smaller, but confident increases, have been 

registered for the BJH adsorption cumulative surface area of pores (parameter P2), and for BJH adsorption 

cumulative volume of pores (parameter P3). The other 2 parameters, the adsorption average pore width 

(parameter P4) and the BJH Adsorption average pore diameter (parameter P5), have uneven variations in 

relation to particle size and temperature, but this variations can be associated with raises in density and declines 

in the adsorption average pore width, and in the adsorption average pore diameter (figure 5). From the start of 

heating at 25°C, the smaller particles from sample 3 has both porosity parameters higher then particles with 
bigger dimensions (S1 and S5 samples). At 260°C this affirmation is still valid only for parameter P5, the 

adsorption average pore diameter, Also, at 260°C, the parameter P4 grow independently from particles size 

dimension and mechanical activation by grinding and sieving. In this case, may be the temperature as dynamic 

factor and respectively, fully perturbation of the crystalline structure of emerging phases (Figure 6) are more 

appropriate explication for the results at this temperature. Other way, the results at 300°C seem to confirm this 

hypothesis for both P4 and P5 parameters. Moreover, the results at 400°C show that both porosity parameters P4 

and P5 are fully independent on particle sizes. 
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Figure 6. Concentrations of crystalline and amorphous phases: 

 

Actually, these parameters are strongly dependent on the recrystallization of γ-alumina and its associated 

crystalline phases (Figure 6). According the figure 6, the crystalline phases grow independently of the particle 

sizes up to 300°C. But, at 400°C and may be to higher temperatures the entire process of amorphization is 

slightly dependent, also, by particle sizes (Figure 6). 

 

Absolute density. The absolute density is a common parameter, necessary for a complete characterization of all 

solids and powders products. Determining it by the method of displacing a gas is a fast and reliable way, valid 

for a wide range of of materials used in technological fields, like: mineralogy, geology, metallurgy, cements and 
ceramics, abrasives, pharmaceuticals and cosmetics, pigments, catalysts, fibers and polymer materials, and 

recently also, for battery materials, fuel cells, magnetic material, semi-conductor (CMP) and  separation 

membrane. Density is a parameter of quality control in the high temperature porous and dense alumina ceramics 

research and production [68]. In the process of densification of high temperature alumina, the alumina hydroxyl 

compounds as very small particles are releasing nuclei, which contribute to faster growth of dense alumina 

particles. Also, the absolute density is an important control factor in all the processes designed to produce 

precursors for both the low temperature alumina transition phases and the special pure alumina products [27]. In 

the figure 7 are presented the experimental data concerning the effects of temperature and particle size 

dimensions on the aluminum hydroxide and its low temperature oxy hydrates. At low temperature, all samples 

density are the same, because are coming from the same batch. At 260°C only sample S3 (0 – 20 microns) has 

been activate and the density grew up to 2.9 g/cm3. The other sample remained at the initial level. At 300°C, all 
the samples ware activated and the densities reached values close to 3.0 g/cm3, but the higher levels are standing 

for smaller dimensions samples S3 and S4. The same relative increase in density is valid at 400°C, with the 

biggest value for sample S3. Thus, the particle dimensions dynamic factor is acting only up to 400°C, when the 

ratios crystalline/amorphous phases ratio passed a particular threshold. 

 

Whaiteness/Brightness. Whaiteness/Brightness is a quality parameter of a given material defined as the 

percentage of blue light reflected by the surface of this material from a light source at wavelength of 457 

nanometers with the half-peak bandwidth of 44 nm. Due to limitations of the instrumental illuminants and 

reflected light measurement systems, to capture and measure the intensity of the reflected light, there are no 

simple correlations between real brightness measurements and data generated by different available 

experimental methods. Thus, the above whiteness/brightness measurements have to be used, just for comparing 
and carefully evaluated the brightness of each material individually [69]. Anyway, the results of measurements 

could be affected by particle size, cristallinity, wetness, compactness and other unexpected properties, even if 

some new equipment can measure the brightness of pellets, gels, powders, pastes, solids, and liquids. In the 

figure 8 are presented the brightness data of the experimental samples. From the first series of data, collcted for 

the samples S1-S5 (60ºC), untill the data series for the same samples at 300ºC, the evidence that the effect 

attributed to the particle size as driving controlling factor  of property named  brightness , as a function of 

particle size is incontestable, because there is a large distance between the S1 and S5 particle diameters  and 

sizes of the S3 and S4 particle diameters. But, this effect is diminishing for the samples heated at 400ºC and 

600ºC. 
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Figure 7. Absolute density of samples 

 

 
Figure 8. Brightness/Whiteness degree, %. 

 

Correlating the data from figure 8 with data from figure 6 is easy to accept the changings in crystallinity or 

amorphycity of samples have a real and visible impact on brightness measurements. It is worth to mention the 

any brightness measurement does not have any connection with colours or shades and, particularly with the 

whiteness perceived by human eye. 

Oil absorption capacity. Oil absorption capacity is a very important property of aluminum hydroxide and its 

low temperature descending products by thermal dehydroxylation. The technical specifications for different 
grades products come from their destination as commercial products. Many factors that affect the oil absorption 

capacity of aluminum oxy-hydrates products like compactness of their structure and specific gravity, surface 

morphology, crystallinity and particle size distribution are well known. Particle shapes play a significant role in 

controlling the rate of oil adsorption. Cylindrical grains have a higher oil absorption value than needle-shaped 

ones or spherical particles, mainly because of the available larger void ratio. The finer particulate materials have 

the larger specific surface area, and along with the narrower particles size distributions did work out significant 

increases in the oil absorption capacity. In the figure 9 is given the oil adsorption capacity for the samples 

enumerated in table 1, heated to 260°C, 300°C, 400°C and 600°C. The effects of the heating temperature and 

particle size dimension as driving factors in the dehydrixylation processes is clearly seen (the oil capacity is 

fairly increasing with temperature and predominantly for smaller particle sizes given in the table 1. At 600°C, 

the slightly decrease in the oil absorption capacity might be attributed to the large growth in concentrations of 
the amorphous phases in the absorbents samples (figure 6). Aluminum hydroxide and its dehydroxylated 

compounds uses cover a large area of domains including, absorbents and siccativants, filler, fire retardants, 

additive and raw materials. For example, in solvent-borne coatings and polymer industries, aluminum hydroxide 

is one of the best fit additive and flame retarder in many largely used powder coating resin systems: polyester 

(PE), polyurethane (PU), epoxy (E) and epoxy-polyester (H), 
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Figure 9.  Oil absorption capacity 

 

As flame retardant, aluminum hydroxide prevents burning and emanation of toxic compounds. As 

additive, aluminum hydroxide contributes to the best adjustments in mechanical and rheological properties of 
the solvent born coatings, reduces corrosivity and improves the quality of solvent born coats. Fine uniform 

grades products with D50 around 20 microns and medium oll absorption values (30-40 g/100 g) are highly 

recommended for this application [16]. Different adsorbents were designed and produced, as reliable adsorbents 

for oil removal from the water surface. An appropriate adsorbent material must show up high hydrophobicity 

and hight oleophilicity, low water uptake capacity (high oil/water selectivity), high buoyancy, high oil sorption 

capacity, low cost and easily availability [69,70]. Figure 9 shows that our low temperature alumina products 

displays good resemblance in properties connected with oil absorption capacity with above described fillers and 

with fire retardants used in solvent-borne coatings and in polymer industries. Moreover these products 

properties might be easily adjusted in the heating treatments, in particle sizes and particles size distribution, in 

order to match better the required properties. Similar products with low pores size and high specific surface has 

been used in the treatment of refinery effluent waters containing oil and grease residuals ranging from 50 to 100 
mg/L. These residuals were adsorbed onto low temperature calcined alumina products containing gamma 

alumina as main component, and the fractional removal of oil compounds have brought about large drops in 

COD and BOD values till 0.57-0.68 mg/L. Absorption mechanism is the chemisorption, and removal percentage 

rates are increasing with the rise in temperature, due to the released heat. In both cases, γ-alumina structured 

materials acted as activator factor [71, 72]. Some cited reviews showed that this kind of materials have high 

potential application in the fields of oil-water separation with real advantages, including strong mechanical 

properties, rapid sorption rates, high sorbent capacity and interesting applications in the surface chemistry 

engineering. 

 

Capacity of water vapors adsorption. The results of water vapors adsorption static capacity determinations are 

presented in the table 2 and in the figure 10. The experimental program encompassed the measurements at the 

temperature values of 25°C and 60°C, and the air humidity has been 50%, 75% and 95%. It was a minimal 
program selected for a quick and accurate investigation about the ranges of variation in static capacity of water 

vapors absorption over some temperature and humidity intervals, for samples of aluminum hydroxide containing 

mixtures of crystalline and amorphous phases, generated by thermal activation at low temperatures, having well 

known distinct particle size distributions. At low activation temperature, under 300ºC, all samples exhibited 

very low water absorption capacity, probably due to no significant changes in specific surface area and porosity. 

Also, under 300ºC, the deyhdroxilation of gibbsite does not produced enough quantities of new activated phases. 

Between 300ºC and 600ºC, the experimental materials have been undergoing two real changes in both the 

mineral phases and their crystallinity (figure 6), with relevant effects on the new activated compounds 

fundamental properties (figures 4, 5 and 9) [67.68].          

        

Table 2. Capacity of water vapors adsorption 
Sample Sample name Capacitatea de sbsorbtie a vaporilor de apa, g/100 g probe 

Temperature,  25 25 25 60 

Humidity, %  50 75 95 50 

GDAH 01 300 S1 300 0.01 0.02 0.00 0.09 

GDAH 03-300 S3 300 9.75 9.87 10.85 7.94 

GDAH 04-300 S4 300 10.28 10.85 13.45 8.87 

GDAH 05-300 S5 300 2.71 4.55 3.30 3.64 

GDAH 01 400 S1 400 1.92 2.51 7.53 1.59 
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Actually, gibbsite followed its common line of phase transitions: Gibbsite –Boehmite-γ-alumina, 

associated with large quantities of amorphous phases, with variable crystalline structures (figure 6). The effects 

of particle size, as driving factor controlling the water absorption capacity, are illustrated in the figure 10, only 

for the samples heated at 400ºC. As this figure shows, the water absorption capacity is higher for samples S3 

and S4 than for samples S1 and S5. This assumption is valid for all temperature values and for any humidity 

levels in all experiments at 25 ºC and 60 ºC. Some notable drops in water absorption capacities at 600 ºC, even 

if the predominant phase is γ-alumina accompanied by amorphous phases, might be attributed to the changing in 

the phase transitions rates at this temperature. For activated alumina, the static water adsorption capacity is the 

principal parameter for measuring alumina related adsorbents performances as siccativants or metals and 

organic compounds adsorbents in the water cleaning technologies. 
 

 
Figura 10.  Samples heated at 400°C, Absorption capacity of water vapors under variable humidity, g 

water/100g: T-Temperature; H-Humidity 

 

The main properties required for such applications are: a) large internal pore volume: b) large value of 

specific surface; c) controlled pore-size distribution, mostly in the micro-pores range; d) controlled properties of 

the surface by adding variable functional groups or enlarging the density of active surface sites. Three of these 

requirements are available for choice in the figures 5 and 6 and in the papers [67, 68]. The fourth of the 

controlled surface properties factor is represented by the selection of functional groups added during synthesis 
and finishing or, as usual, in a post processing stages [5, 73]. Al these properties are determined by the structural 

diversity of polymorphic phases born during low temperature treatments of the aluminum hydroxide (ρ-alumina, 

boehmite and pseudoboehmitic precursors, γ-alumina, κ-alumina and sometimes η-alumina and χ-alumina, 

accompanied by their amorphous structures) and depend on the structure and properties of their initial 

precursors carried by the raw aluminium hydroxide [5, 73]. 

 

IV. Conclusions  
The thermal decomposition of Al(OH)3 is a very complex process with major crystallographic 

dislocations and many microstructure reconfigurations on variable lines of phase transitions from precursors to 

commercial grade products, which come about according to the last well controlled transition, set up as the final 

stage of entire thermal decomposition process. Many papers and recent reviews have described various kinds of 

precursors used for preparation and characterization of different activated products with specific properties and 

applications. In fact, even the crude aluminum hydroxide might be a precursor for some particular mineral 

phases from the aluminum hydroxide lines of transition or for any of particular properties of a very specific 

transition phase.  

In this paper, as well as in our previous cited papers, the crude aluminum hydroxide, dried, milled and 

classified has been considered as precursor for the low temperature transition alumina phases, enriched in the 

amorphous phases, carrying new characteristics and properties. In the previous cited papers, the mechanisms of 
aluminum hydroxide phase transitions in samples calcined at 260ºC, 300ºC, 400ºC and 600ºC has been studied, 

as well as the effects of main driving factors (temperature and phase composition) on the chemical and physical 

GDAH 03 400 S3 400 7.02 8.85 10.21 5.62 

GDAH 04 400 S4 400 12.98 16.35 0 9.07 

GDAH 05 400 S5 400 10.24 11.72 12.71 7.85 

GDAH 01 600 S1 600 5.35 16.81 17.14 3.10 

GDAH 03 600 S3 600 9.42 13.77 11.62 6.16 

GDAH 04 600 S4 600 0.91 1.10 0.00 0.32 

GDAH 05 600 S5 600 4.33 16.50 4.33 3.82 
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properties of products emerging during thermal treatments at above temperatures, Also, the purity and chemical 

composition, morphology and specific surface area, pore size, pore distribution and particle size distribution 

have been analyzed. Beside, some other secondary effects were noticed, like the particle initial size control over 

mass loss intensities, phase transition rates and degree of crystallinity/amorphicity.  

In this paper, the driving factor, the particle initial size, was considered as the reference for analyzing 

the new data concerning the following technical properties of aluminium hydroxide samples calcined at 260ºC, 

300ºC, 400ºC and 600ºC: the absolute density, brightness, oil absorption capacity and water absorption capacity. 
These last data may suggest new ways for finishing the new emerging hydrated alumina grades and to improve 

their qualities as adsorbents, fillers, catalyst and catalyst supports, as well as additives for waste water cleaning 

technologies or additives in the high temperature alumina products industry. 
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