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Abstract 
In the aluminum industry, secondary aluminum dross (SAD) is an inevitable 
solid residue, which usually contains 30 - 70 wt% Al2O3. In this work, 
Al(OH)3 was extracted from SAD through acid-leaching and alkali purifica-
tion process. The as-obtained Al(OH)3 precipitation then was calcinated to 
synthesize porous γ-Al2O3 assisting by an agricultural waste biomass-corn 
straw as biotemplate. Effects of H2SO4 concentration, reaction temperature 
and time on the recovery of SAD were investigated. Furthermore, the depen-
dence of calcination temperature on specific surface area, pore volume and 
content of porous γ-Al2O3 was analyzed. X-ray diffraction (XRD) and X-ray 
fluorescence (XRF) were used to inspect the phase compositions and their 
contents, respectively. Scanning electron microscopy (SEM) was employed to 
analyze the morphologies of the sintered porous γ-Al2O3. It was found that 
the highest recycle rate of aluminum from SAD was obtained under optimum 
conditions of 80˚C, acid concentration of 1.6 mol/l, and reaction time of 5 h 
by acid process. The porous γ-Al2O3 with specific surface area, 261.22 m2/g 
and average pore diameter, 52.64 nm, was obtained under calcination at 
850˚C through mixing the as-obtained Al(OH)3 precipitation and corn straw. 
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1. Introduction 

Aluminum dross is the molten slag solid waste that results from the production 
and recycling process of electrolytic aluminum, cast aluminum and other alu-
minum industries [1] [2] [3]. The composition of aluminum dross is very com-
plex. Its main components are aluminum oxide and ferric oxide (Al2O3, Fe2O3), 
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silicon dioxide (SiO2), spinel (MgO·Al2O3), and some amount of fluoride and 
chloride compounds [4] [5]. To date, the treatment of aluminum dross waste 
mainly consists of accumulation in landfills, which not only seriously pollutes 
the environment, but is also a waste of aluminum resources [6] [7] [8] [9]. 
Hence, efficient recycling procedures for aluminum dross are an urgent necessi-
ty. 

Presently, the extraction of alumina products from aluminum dross is a pre-
dominant implementation for efficient aluminum resource utilization [10]. Fur-
thermore, aluminum dross can be divided into primary and secondary alumi-
num dross (SAD), depending on its recycling process times and its metallic alu-
minum content. Unfortunately, it is difficult to extract metal aluminum from 
SAD due to too low content [11] [12] [13]. Elemental aluminum extraction me-
thods mainly include acid (sulfuric acid method, hydrochloric acid method) and 
alkaline leaching method, whereby the purpose is to separate the elemental alu-
minum from other impurities [14]. Dash et al. studied alumina recovery from 
aluminum dross using H2SO4 and found that more than 85% of alumina could 
be dissolved by leaching with 30% H2SO4 and 10% solid concentration at 363 K 
(90˚C) for 1 h [15]. Md. Saifur Rahman Sarker et al. Murayama et al. reported 
that the aluminum dross was leached with HCl and NaOH. Under optimal con-
ditions (i.e. CHCl = 2.0 mol/L, CNaOH = 2.0 mol/L, t = 5 h), the maximum dis-
solved amount of aluminum dross was 65% and 36%, respectively. The filtrate 
obtained by purifying with NaOH had higher purity of Al (i.e. 96%), but the re-
covery of Al was lower compared with HCl leaching [16]. Tsakiridis et al. used a 
strong 260 g/L NaOH solution to leach out aluminum which reached 57.5% 
from aluminum black dross at 513 K (240˚C) for 100 minutes; under those con-
ditions about 28% of the residues were dissolved [17]. The possibility of acid 
leaching of aluminum dross was investigated by Md. Saifur Rahman Sarker et al., 
where the maximum of alumina extraction (71 % of total Al2O3 content from 
aluminum dross) was achieved by leaching with a 4 mol/L HCl solution at 373 K 
(100˚C) for 120 min [18]. In this study, H2SO4 was used; various parameters af-
fected the amount of aluminum element leaching such as acid concentration, 
reaction temperature and reaction time, among others. 

During the aluminum dross leaching stage, a filtrate could be rendered 
through optimal aluminum ion dissolution conditions; but the remaining Si, Ca, 
Mg and Fe metal ions still need to be purified [19]. Preparation of high purity 
aluminum hydroxide (Al(OH)3) is a prerequisite for the production of calcined 
alumina. Therefore, the excess NaOH reacts with aluminum sulfate (Al2(SO4)3) 
contained in the filtrate to form sodium aluminate (NaAlO2) dissolved in solu-
tion, while the other metal hydroxides remain as a precipitate. This preparation 
is then filtered to remove undissolved materials, adjusting the pH of the result-
ing filtrate to regenerate a high purity Al(OH)3 precipitation [20]. 

In addition to smelting metal aluminum, alumina has a wide variety of useful 
applications such as structural materials, refractories, catalysts and carriers [21]. 

https://doi.org/10.4236/msce.2019.712010


S. J. Zhang et al. 
 

 

DOI: 10.4236/msce.2019.712010 89 Journal of Materials Science and Chemical Engineering 
 

Also, depending on the different formation temperatures, alumina can have dif-
ferent structures. Thus, alumina can be divided into low-temperature alumina 
(ρ-, χ-, η- and γ-Al2O3) and high-temperature alumina (δ-, κ- and θ-Al2O3) [22]. 
In particular, the low-temperature transition state γ-Al2O3 is porous, has high 
specific surface area, good adsorption, and thermal stability. γ-Al2O3 with dif-
ferent specific surface areas and porosity can be prepared by controlling the 
preparation conditions; however, consistent porosity is reportedly challenging to 
attain. For instance, some studies have found that alumina prepared by sintering 
at low temperature tends to agglomerate, lowering the specific surface area and 
average pore diameter of the product, and affecting the performance of the alu-
mina as a carrier [23]. In contrast, Song et al. reported that the gas produced by 
sintering at low temperature can also expand the pore structure of alumina [24]. 

Corn straw is an agricultural byproduct and contains a large amount of cellu-
lose, hemicellulose and lignin. Interestingly, its microstructure closely resembles 
a honeycomb. Here, our goal was to maximize the utilization of SAD to fabricate 
porous γ-Al2O3 assisting by corn straw as a sacrificial template through calcina-
tion, which could potentially be used for phase change materials (PCM) support. 

2. Materials and Methods 
2.1. Materials and Chemical Reagents 

Secondary aluminum dross (SAD) was supplied by Delta Aluminum Industry 
CO., LTD located in Zhaoqing city, China. Sulphuric acid (H2SO4, 96% - 98% 
purity) and sodium hydroxide (NaOH, 99% purity) were used for acid extraction 
and alkali purification of SAD.  

Table 1 shows the sample conditions, where A and B denote the samples be-
fore and after washing, respectively. The SAD contains soluble salts such as 
magnesium oxide, sodium oxide, chlorides and fluoride. To increase the alumi-
num leaching rate, the SAD requires to be washed with deionized water to re-
move the soluble impurities [25]. The 20 g of SAD was tread with 500 ml of 
deionized water, stirred and dissolved for 3 - 4 h, then filtered; the filter residue 
was placed in a vacuum oven at 110˚C for 3 h. 

Figure 1 summarizes the experimental procedure. The SAD was first acidified 
to obtain filter residue and filtrate to determine the optimal experimental 
scheme. Then, the filtrate was purified through NaOH to prepare a high-purity 
Al(OH)3 precipitation, finally the precipitation and straw powders were mixed 
and sintered. 

 
Table 1. Chemical composition analysis of SAD before and after washing. 

Composition Al2O3 MgO SiO2 Na2O Fe2O3 Cl CaO K2O F CuO Other 

(A) Mass pct 73.14 7.00 4.27 3.59 3.31 2.95 1.53 0.78 0.75 0.61 2.07 

(B) Mass pct 73.93 6.20 6.56 0.88 5.80 0.42 1.52 0.30 0.63 0.94 2.82 

A: before washing B: after washing. 
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Figure 1. Flowchart on preparation of porous alumina from SAD. 

2.2. Methods 
2.2.1. Extraction of Aluminum by Acid Leaching Method 
A total of 20 g of washed SAD were transferred to a flat-bottomed glass reactor, 
which in turn was placed in a thermostat water bath. The washed SAD was 
leached using different molar ratios of H2SO4 (1 - 1.8) for different periods of 
time (0.5 - 5 h) at different leaching temperatures ranging from 50˚C to 90˚C. 
Then, the mixture was stirred and filtered, collecting the filter residue and fil-
trate, after which the element content of the residue was measured by XRF. 

2.2.2. Preparation of the Al(OH)3 
Purification of the filtrate was performed by adding a 5N NaOH solution. Then, 
the pH of the filtrate was adjusted to prepare Al(OH)3 by diluting with H2SO4, 
and the products were collected. However, the reaction was accompanied by a 
large amount of Na2SO4. To remove Na2SO4, the products were repeatedly 
washed with 500 ml deionized water using a magnetic stirrer equipment at 800 
rpm for 30 minutes. A cerium chloride (BaCl2) solution was dropped into the 
filtrate to check whether the Na2SO4 was completely removed. The collected high 
purity Al(OH)3 was placed in a vacuum oven, followed by drying at 110˚C for 12 
h. Finally, the extracted powders were detected by X-ray diffraction (XRD) and 
X-ray fluorescence (XRF). 

2.2.3. Synthesis of Porous Alumina 
First, the corn straw was cut and shattered, 20 mesh powder particles were se-
lected. Then the high-purity Al(OH)3 and the straw powder were further mixed 
with a magnetic stirrer at 800 rpm according to a certainly mass ratio. Said mix-
ture components (i.e. mass ratio) are summarized in Table 2. 

Subsequently, the mixtures were loaded into an alumina crucible, and placed 
into an electric furnace. The furnace was then heated from ambient temperature 
to 500˚C, 600˚C, 700˚C, 800˚C, 900˚C at a heating rate of 5˚C/min, respectively. 
The samples were maintained for 2 h at the setting temperatures before cooling 
to ambient temperature in the furnace. 
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Table 2. Compositions of the initial reactants. 

Samples 
Al(OH)3 
(mass %) 

Straw powder 
(mass %) 

S1 100 0 

S2 96 4 

S3 94 6 

S4 92 8 

S5 90 10 

2.2.4. Characterization 
The phase composition of the resulting material was performed using X-ray dif-
fraction (XRD; X’Pert Pro MPD System) with Cu Kα radiation. Chemical com-
position of the SAD sample and extracted alumina powders were analyzed using 
ED2000 X-ray fluorescence (XRF) analyzer (Oxford, England). The microstruc-
tures were observed via scanning electron microscopy (SEM, Nova 450 Nano). 
The Brunauer-Emmett-Teller (BET) surface area and pore volume were deter-
mined by Thermo Finnigan Sorptomatic Instrument model 1990 Series, and the 
pore size distribution was estimated by the Barrett-Joynere Halenda (BJH) me-
thod. 

3. Result and Discussion 
3.1. Acid Leaching Experiment 

For each acid dissolution experiment, 20 g of washed sample was used. Varia-
tions on the H2SO4 molar ratio, and temperature were controlled to study the in-
fluence of each single factor on the leaching rate of aluminum. XRF method was 
used to measure the elemental content of the filter residue, and aluminum 
leaching rate (x) was evaluated by the following equation:  

T R

T

A Ax
A
−

=  

where, AR (g) denotes the mass of elemental aluminum in the filter residue, and 
AT (g) is the total mass of elemental aluminum in the washed SAD. 

To evaluate the influence of H2SO4 molar mass on the leaching rate of ele-
mental aluminum, the effect of different molar ratios was assessed from 1.0 to 
1.8 mol/L. The leaching temperature was maintained at ambient temperature for 
2 h. 

The XRD pattern of SAD is shown in Figure 2. As can be seen, the main sub-
stance presents in SAD was Al2O3. Additionally, MgO, MgAl2O4, SiO2, Fe2O3, 
CaO, CuO and CaF2 were also present. 

Due to the complex composition of the SAD, the potential chemical reactions 
in acid leaching process are as follows:  

( )2 3 2 4 2 4 23Al O 3H SO Al SO 3H O+ → +                  (1) 

2 4 4 2MgO H SO MgSO H O+ → +                     (2) 
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Figure 2. XRD pattern of SAD. 

 

( )2 3 2 4 4 2 4 23MgO Al O 4H SO MgSO Al SO 4H O⋅ + → + +         (3) 

( )2 3 2 4 2 4 23Fe O 3H SO Fe SO 3H O+ → +                 (4) 

( )2 2CaO H O Ca OH+ →                        (5) 

( ) 2 4 4 22Ca OH H SO CaSO 2H O+ → +                    (6) 

2 4 4 2CuO H SO CuSO H O+ → +                     (7) 

( )2 2 4 4CaF H SO CaSO 2HF g+ → +                   (8) 

Figure 3(a) shows the effect of leaching time on aluminum element extraction 
for 1, 1.2, 1.4, 1.6, and 1.8 molar ratio of H2SO4 at ambient temperature. Ele-
mental aluminum leaching rate increased overall with time under a 1.6 molar ra-
tio. The highest leaching rate was observed from 0.5 to 1 h. As the molar ratio of 
H2SO4 increased to 1.6, the leaching rate of elemental aluminum was accelerated, 
but the further increase of the H2SO4 molar ratio to 1.8 lowered the leaching rate. 
The maximum leaching rate of 59.64% elemental aluminum was achieved with a 
1.6 molar ratio of H2SO4. Therefore, a 1.6 molar ratio of H2SO4 determined to be 
the optimum ratio for subsequent experiments. 

Figure 3(b) shows the temperature-time profile for aluminum leaching rate at 
a 1.6 molar ratio. As can be seen, with increasing leaching temperatures, alumi-
num leaching rates exhibited an increasing trend. A maximum leaching rate of 
70.7% elemental aluminum was obtained at 80˚C. However, once the tempera-
ture reached 90˚C, the aluminum leaching rate slowly decreased with time. 

A SAD acidification process diagram is depicted in Figure 4. Here, the main 
purpose was to separate the soluble substances in the sulfuric acid from the in-
soluble solids. The acid leaching process may be mainly divided into three stag-
es: 1) H2SO4 reacted mostly with the external surface of the SAD particle; 2) Un-
der the action of H2SO4 decomposition and rapid stirring, H2SO4 diffused through  
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Figure 3. The acid leaching experiments of SAD. (a) Leaching rate of elemental aluminum at different H2SO4 molar ratio at am-
bient temperature; (b) Effect of temperature on the leaching rate of elemental aluminum at a 1.6 molar ratio. 

 

 
Figure 4. Schematic diagram of SAD acidification. 
 
the particle gaps to the interior of the particle, and chemical reaction occurred at 
the contact interface; 3) A chemical reaction at the contact interface to produce a 

2
4SO −  ion layer, thereby forming a cycle of dissolution and sulfate generation. 

The possible reasons for the decrease in the leaching rate of aluminum caused 
by excessive molar ratio (i.e. 1.8) and temperature (i.e. 90˚C) are summarized in 
Figure 4. The reaction of SAD with H2SO4 is an exothermic reaction. Therefore, 
the heat generates a large amount of water vapor, releasing from the vessel, 
which causes the reaction volume to shrink and the concentration to rise. Exces-
sive 2

4SO −  ion concentration on the oxide surface produced a sulfate molecular 
layer, which may inhibit the chemical reaction. Additionally, increasing temper-
ature accelerated the dissolution of the sulfate into solution, which confirmed, to 
a certain extent, that the leaching rate of aluminum is proportional to tempera-
ture. However, excess temperature could also cause evaporation of the water, 
which increased the concentration of 2

4SO −  ions around the oxide. 
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The optimal acid leaching scheme in Table 3 was obtained from sample pre-
pared with a 1.6 molar ratio of H2SO4 at 80˚C. Under this condition, the maxi-
mum leaching rate of elemental aluminum was 78.8%. 

3.2. Purification of Al(OH)3 

In order to obtain the maximum leaching rate of elemental aluminum, the op-
timal experimental scheme (1.6 molar ratio, 80˚C) for the acid leaching proce-
dure was selected. However, the filtrate mainly contained aluminum sulfate 
(Al2(SO4)3), along with small amounts of other sulfate substances. Subsequently, 
the filtrate needed to be purified by NaOH solution. Possible chemical reaction 
schemes are indicated below. 

( ) ( )2 4 2 43 3Al SO 6NaOH 3Na SO Al OH+ → + ↓              (9) 

( )4 2 42MgSO 2NaOH Mg OH Na SO+ → ↓ +               (10) 

( ) ( )2 4 2 43 3Fe SO 6NaOH 2Fe OH 3Na SO+ → ↓ +              (11) 

( )4 2 42CaSO 2NaOH Ca OH Na SO+ → ↓ +               (12) 

( )4 2 42CuSO NaOH Cu OH Na SO+ → ↓ +                (13) 

In the process of Al(OH)3 preparation, the color of the product mainly ap-
peared white at pH 7 - 8; however, the precursor color gradually deepened to 
reddish brown color at higher pH, see Figure 5. This indicated that the precur-
sor preparation process contained more impurity components. Here, the main 
elements in the samples were oxygen, sodium, aluminum and sulfur. Further-
more, under higher pH, the aluminum content was decreased, which the content 
of other elements was increased (Table 4). According to Equation (14), the 
mainly reason was attributable to the reaction between Al(OH)3 with excess 
NaOH to form NaAlO2, then NaAlO2 dissolved in the solution.  
 
Table 3. XRF elemental analysis of SAD before and after reaction in a 1.6 molar ratio of 
H2SO4 at 80˚C. 

Elements Al O S Si Mg Cu Fe Ca Other 

Mass pct 18.76 58.24 11.9 4.74 2.29 1.01 0.98 0.43 1.65 

 

 
Figure 5. Resulting color variation of the precursor under different pH conditions. 
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Table 4. XRF elemental analysis of the precursors at different pH conditions. 

Elements 
Samples (Mass pct) 

pH7 pH8 pH9 pH10 pH11 pH12 

O 48.40 47.80 47.50 47.40 47.50 49.70 

Na 19.70 20.70 22.00 23.40 24.70 25.70 

Al 13.10 12.70 11.10 9.20 6.70 4.20 

S 17.90 17.20 16.20 16.40 16.80 16.40 

Mg 0.24 0.32 0.36 0.99 1.07 2.08 

Ca 0.19 0.24 0.30 0.56 0.55 0.61 

Si 0.03 0.03 0.03 0.19 0.16 0.26 

Fe 0.20 0.55 0.72 0.72 0.74 0.86 

Other 0.24 0.46 1.79 1.14 1.78 0.19 

 

( ) 2 23Al OH NaOH NaAlO 2H O+ → +                (14) 

After removing impurities through filtration, the filtrate at pH 12 was selected 
to adjust pH 8 to regenerate the Al(OH)3 precipitation, and the main component 
of the sample was Na2SO4 and Al(OH)3. After washing several times, sodium 
sulfate content reduced a trace amount. Moreover, the aluminum and oxygen 
content reached 99.4% (Figure 6 and Table 5). 

3.3. Preparation of Porous Alumina 

The XRD patterns in Figure 7 were obtained from sample S1 calcined at the dif-
ferent temperatures. It indicated that γ-Al2O3 began to form when the tempera-
ture reached 700˚C, and the products exhibited an amorphous nature when 
temperatures between 500˚C and 600˚C. Therefore, above 700˚C were selected 
for subsequent sintering experiments.  

Figure 8 shows XRD results of samples after calcined at 800˚C for 2 h. The 
chemical compositions of samples are listed in Table 3. As seen in it, the strong 
peaks of the samples were all associated with γ-Al2O3, but with an increase of 
straw content, the intensity of weak peaks increased gradually. Moreover, the 
content of Al2O3 gradually decreased, the content of other substances increased, 
the maximum Al2O3 content was 93.9%. This indicated that the content of straw 
content had a significant impact to the purity of the product after sintering. 

Figure 9 shows XRD results of different samples after calcined at 900˚C for 2 
h. It is easy to see that the strong peaks of the samples were also γ-Al2O3, and the 
chemical compositions of samples are illustrated in Table 7. It can be seen that 
the maximum Al2O3 content was 97.2%, the content of alumina gradually de-
creased, the content of other substances increased. However, compared with 
800˚C, the content of other substances was less, and the purity of the products 
was higher. This suggests that the elevated temperature could more thoroughly 
burn the straw powders, further increased the content of Al2O3. 
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Table 5. XRF elemental analysis of the precursors at different pH conditions. 

Element 
 Sample  

First wash Fifth wash Tenth wash 

O 47.3 50.9 63.2 

Na 23.7 15.40 0.09 

Al 10.6 20.3 36.20 

S 18.0 13.0 0.26 

Other 0.40 0.40 0.25 

 

 
Figure 6. XRD results from the precursor obtained under different pH conditions. 

 

 
Figure 7. XRD results of sample S1 after calcined at different temperatures. 

https://doi.org/10.4236/msce.2019.712010


S. J. Zhang et al. 
 

 

DOI: 10.4236/msce.2019.712010 97 Journal of Materials Science and Chemical Engineering 
 

 
Figure 8. XRD results of different samples after calcined at 800˚C for 2 h. 

 

 
Figure 9. XRD results of different samples after calcined at 900˚C for 2 h. 

 
According to the analysis of Table 6 and Table 7, the addition of straw con-

tent above 6% lead to an obviously decreased purity of the product. Therefore, 
6% straw content was selected as the optimal scheme. 

Figure 10 illustrates the N2 adsorption-desorption isotherms and pore size 
distributions of the calcined samples. The curve bulged upward in the low pres-
sure area, similar to the type II isotherm, which corresponded to the outer sur-
face adsorption. The isotherms rose rapidly in the high pressure area with the 
appearance of hysteresis loops, indicating that the adsorbate began to undergo 
capillary condensation in the finest mesopores. These isotherms all display a 
classical IV type with hysteresis loops, which explained that the mesoporous 
portion was comprised of cracked holes [26]. 

However, as the temperature increased, and the content of straw content in-
creased, so did the starting point of the isotherm. Also, the starting point of the  
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Table 6. Chemical compositions of different samples after calcined at 800˚C for 2 h. 

Chemical 
composition 

Sample 

S1 (%) S2 (%) S3 (%) S3 (%) S4 (%) 

Al2O3 93.9 88.9 88.6 85.2 84.0 

SO3 5.18 6.17 6.34 6.68 7.76 

SiO2 0.47 2.60 3.34 4.78 6.03 

MgO - 0.38 0.51 0.52 0.54 

CaO 0.01 0.71 0.98 0.79 0.89 

Fe2O3 0.02 0.06 0.08 0.07 0.07 

Other 0.42 1.18 0.15 1.96 0.71 

 
Table 7. Chemical compositions of different samples after calcined at 900˚C. 

Chemical 
composition 

Sample 

S1 (%) S2 (%) S3 (%) S4 (%) S5 (%) 

Al2O3 97.2 96.5 96.4 92.3 89.6 

SO3 2.05 2.16 2.19 4.69 5.28 

SiO2 0.51 0.64 1.02 1.65 2.96 

MgO - 0.16 0.12 0.13 0.29 

CaO 0.03 0.29 0.13 0.27 0.56 

Fe2O3 0.04 0.04 0.03 0.04 0.03 

Other 0.17 0.21 0.11 0.92 1.28 

 

 
Figure 10. N2 adsorption-desorption isotherm and pore size distribution. 
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hysteresis loop continued to advance. When the temperature increased to 900˚C 
and the content of the straw powders was 6%, the starting point of the isotherm, 
as well as the starting point of the hysteresis loop and the hysteresis loop itself all 
reached maximum values. The relative pressure was close to 1 Pa, the curve of 
sample S3 rose linearly and the adsorption was carried out on macropores, evi-
dencing that the prepared sample had a macroporous structure.  

All BET sample surface area, pore volume and average pore diameters were 
summarized in Table 8. Sample S1 exhibited a specific surface area of 80.06 
m2/g, a pore volume of 0.22 cm3/g, and an average pore diameter of 105.51 nm. 
When adding 6% straw content to calcine at 800˚C, the pore volume, specific 
surface area and average pore diameter of sample S3 increased to 119.41 m2/g, 
0.31 cm3/g, and 104.21 nm, respectively. This indicated that the gas produced by 
the straw powders during calcination could increase the specific surface area and 
pore volume of the sample, but the pore size was largely unchanged. Sample S1 
was calcined at 900˚C, and the specific surface area, pore volume and average 
pore diameter of the sample were 176.92 m2/g, 0.18 cm3/g, and 40.23 nm, respec-
tively.  

Compared with S1 (800˚C), the specific surface area of the sample S1 (900˚C) 
increased, and the pore volume and pore diameter decreased, this may be ex-
plained by an increased density of alumina due to the elevated temperature. 
Adding 6% straw powders to calcine at 900˚C, the pore volume, specific surface 
area and average pore diameter of sample S3 (900˚C) increased to 261.22 m2/g, 
0.34 cm3/g, and 52.64 nm, respectively. Compared with S3 (800˚C), the specific 
surface area and pore volume of the sample increased, but the pore size de-
creased. High temperature promoted the rapid combustion of straw powders 
leading to a large amount of carbon dioxide production, This, in turn, caused 
alumina to produce a large number of micropores, which were then the widened 
to form a small number of mesopores and macropores. Compared with sample 
S1 (900˚C), the specific surface area, pore volume, and pore size of the sample all 
increased. 

The morphology of the samples S1 and S3 was further investigated through 
SEM. Figure 11(a) and Figure 11(c) show the morphologies of the sample S1 at 
800˚C and 900˚C, respectively. It can be observed that the morphologies of the 
sample had a large block structure at 800˚C, whereas at 900˚C, it had a small 
block structure. Therefore, the specific surface area was increased, which was 
consistent with the BET detection results. Figure 11(b) and Figure 11(d) show 
the morphologies of the sample S3 at 800˚C and 900˚C, respectively. The image 
showed that a large number of pores were formed on the surface of the block 
structure, which indicated that the straw powders promoted the formation of 
porous alumina, and increased the specific surface area and pore volume. The 
partial enlarged view in Figure 11(b-1), Figure 11(d-1) further demonstrated 
that the surface of the product formed a uniform pore structure. 

In conclusion, we extracted alumina from secondary aluminum dross and  
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Table 8. BET sample surface area, pore volume (Vp) and average pore diameter (Dp). 

Samples SBET (m2/g) Vp (cm3/g) Dp (nm) 

S1 (800˚C) 80.06 0.22 105.51 

S3 (800˚C) 119.41 0.31 104.21 

S1 (900˚C) 176.92 0.18 40.23 

S3 (900˚C) 261.22 0.34 52.64 

 

 
Figure 11. SEM images of samples heated for 2 h at 800˚C and 900˚C: (a) S1 (800˚C), (c) 
S1 (900˚C), (b) S3 (800˚C), (d) S3 (900˚C); (b-1) and (d-1) are partial enlargements 
 
successfully used corn straw as template to prepare porous alumina. The influence 
mechanism of corn straw on alumina pore formation still needs further study. 

4. Conclusion 

Porous γ-Al2O3 was successfully fabricated by recovering secondary aluminum 
dross assisted by corn straw as template. First, a maximum 78.8% of aluminum 
was extracted from secondary aluminum dross at optimum conditions of 1.6 
mol/l H2SO4, 5 h leaching time, and a temperature of 80˚C. Second, high purity 
of 99.4% amorphous Al(OH)3 was obtained after treating the acid leached so-
lution with NaOH. Then, this Al(OH)3 precipitate was mixed with 6% corn 
straw powders, and heat treated at 850˚C to obtain porous γ-Al2O3. The final 
as-synthesized γ-Al2O3 had a specific surface area of 261.22 m2/g, total pore vo-
lume of 0.34 cm3/g, and average pore diameter of 52.64 nm, which can poten-
tially be used for phase change materials (PCM) support. 
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