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Abstract
Background: The presence of toxic pollutants in water sources has become a major issue worldwide and different 
technologies have been applied for water treatment such as chemical precipitation, ionic interchange, adsorption, 
membrane filtration, flocculation, among others. In the last decades, nanotechnology has gain attention in the development 
of nanomaterials for removing these pollutants. Objectives: In this work, Hg (II) and Cr (II) adsorption process was studied 
using residual biomass (orange peels, corn cob and oil palm bagasse) modified with Al2O3 nanoparticles. Methods/
Analysis: The biomasses before and after modification were characterized by FT-IR analysis in order to determine main 
functional groups. In addition, XRD technique was used to calculate average crystallite size and identify both γ and δ 
alumina. Findings: It was found that suitable conditions for further experiments were particle size of 0.355 mm and pH 
values of 2 and 6 for Cr (VI) and Hg (II), respectively. For Hg (II) ions, the highest removal yields were 70.89, 34.18 and 
54.9 % using OPB-Al2O3, CC-Al2O3 and OP-Al2O3, respectively. For Cr (VI) ions, these values were 48.2, 39.8 and 30.5 % using 
OPB-Al2O3, CC-Al2O3 and OP-Al2O3, respectively. Novelty/Improvement: These results suggested that OPB-Al2O3 can be 
successfully used in removing Cr (VI) and Hg (II) with higher efficiency than the others synthesized biosorbents.

1. Introduction
The rapidly expanding industrial and domestic activities 
have led an increase of pollutants in water sources1. These 
toxic contaminants are broadly classified into three main 
types-heavy metals, metalloids and pesticides2. Heavy 
metals are non-biodegradable and can accumulate in the 
environment and living organisms affecting the environ-
ment and health3. Mercury is one of the heavy metals 
most frequently found on industrial effluentbecoming 

a global environmental problem environment due to its 
persistence4,5. Chromium is considered as carcinogenic 
and is widely used in mining, leather tanning process, 
cement industries, electroplating, photographic material 
and corrosive paints6. A large number of methods have 
been studied in order to solve the problem of heavy met-
als release such as coagulation-flocculation, chemical 
precipitation, filtration, sedimentation and ion exchange7 

impregnating sequence and the gas composition have 
significant effect on the performance of the adsorbents. 
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Co-impregnation of Cu and Mn solutions is simple but 
also of help to improve the Hg pickup capacity, due to the 
synergic effect of the CuMn oxide, the sorbent prepared 
using incipient wetness method containing 20% CuO 
and 20% wt MnO2has Hg pick capacity of 12.0% wt. It is 
showed that the oxide form the adsorbent can reduce Hg 
from more than 11,600 ppb to 0.1 ppb in a single pass. 
The presence of H2S in the gas stream changes the Hg 
sorption mechanism and increase Hg pickup capacity. 
XRD and electron microscope characterization results of 
the fresh and spent sorbent show that the active phases of 
the sorbent are CuMn(OH. However, they are limited by 
high costs, inefficiency and generation of toxic sludge or 
other waste products3. Technologies such as bioadsorp-
tion have been recognized as a promising alternative for 
water treatment because of its advantages compared to 
other processes including local availability, cost-effective-
ness of materials and reduced environmental effects8,9. 

Recently, many studies arefocused on removing con-
taminants such as Pb (II), Hg (II), Ni (II) and Cr (VI) 
using biomass from agricultural wastes. For example6 
evaluated the Cr (VI) removal yield using different bio-
sorbents obtained from orange peel biomass. On the 
other hand,nanotechnologyis a field that deals with mod-
ification, design and application of nanoscale objects, 
which have attracted global attention for the detection, 
degradation and removal of hazardous pollutants10,11. A 
wide variety of nanomaterials have been considered for 
heavy metals uptake based on magnetic nanoparticles of 
titanium dioxide, alumina, cerium oxide, ferric and zinc 
oxide modified with chelating functional groups12–15. This 
work attempts to study the removal of Cr (VI) and Hg 
(II) using biomaterials modified with Al2O3 nanoparticles 
in order to determine the most efficient synthesized bio-
sorbent and the suitable operation conditions (pH and 
particle size) for carrying out further adsorption experi-
ments. 

2. Material and Methods

2.1 Materials 
Orange peels (Citrus sinensis), corn cob (Zeamays) and oil 
palm bagasse (Elaeisguineensis) were used as biomass to 
prepare biosorbents. Aluminum nitrate (Al(NO3)3·9H2O) 
and citric acid (C6H8O7) were used a starting material in 
nanoparticles synthesis. Dimethyl Sulfoxide (DMSO), 

Tetra Ethyl-o-Silicate (TEOS) and ethanol (C2H5OH) 
were required for loading Al2O3 nanoparticles into bio-
mass. 

2.2 Biosorbent Preparation
Biomaterials were cut off in small pieces, washed thor-
oughly to remove surface-adhered particles and dried 
during 24 hours at 80°C. Afterward, dried solids were 
grounded and sieve-meshed to obtain homogenous par-
ticle sizes16–18. 

Synthesis of nanoparticles: Alumina nanopar-
ticles were synthesized by sol-gel method, which is 
based on adding 0.5 moles of citric acid to the 0.5 M (Al 
(NO3)3·9H2O) solution and continuously stirring at 60°C 
until a yellow coloration was obtained. The resulting gel 
was dried at 200 °C in an oven for 2 hours and heat treated 
at 750°C for 2 hours19,20.

Modification of biomaterials with Al2O3 nanopar-
ticles: The loading procedure was carried out using 
dimethyl sulfoxide as follow: biomass (0.5 g) was added 
into DMSO for 24 hours under stirring. The resulting 
suspension was mixed with 3 mL of TEOS and stirred 
for 48 hours. The general method using TEOS to prepare 
the biosorbents was reported by21, in which TEOS mol-
ecules were hydrolyzed and condensed. After that, 0.3 g 
of Al2O3nanoparticles were added to biomass suspension. 
After stirring for 12 hours, the biosorbents were washed 
thoroughly with water and ethanol several times21,22. 

2.3 Characterization Techniques 
The biomasses (orange peels, corn cob and oil palm 
bagasse) and biosorbents were characterized by Fourier 
Transform Infrared Spectroscopy (FT-IR) in order to 
identify their functional groups. In addition, the crystal-
line structure of nanoparticles were observed by X-Ray 
Diffraction (XRD) technique. 

2.4 Adsorption Experiments
The adsorption process of Cr (VI) and Mg (II) onto bio-
sorbents overtime was studied by taking aliquots of 5 mL 
between 10-280 minutes. The remaining concentration 
of Hg (II) ions were determined by UV-Vis spectrometer 
using ammonium thiocyanate23. Hence, 1 mL of sample 
was added to 4 mL of 5% w/w NH4 and diluted in deion-
ized water24. For Cr (VI) ions, the remaining concentration 
was determined using diphenylcarbazide, which is based 
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on preparing a solution of 1,5-diphenylcarbazide in ace-
tone and mixed with deionized water. Finally, phosphoric 
acid was added drop-wise as color indicator25. 

3. Results and Discussion

3.1 Characterization of Residual Biomass
Figure 1 shows adsorption spectrum of Orange Peels 
(OP), Corn Cob (CC) and Oil Palm Bagasse (OPB) bio-
masses, in which main functional groups are observed. 
The orange peels biomass exhibited absorption band 
around 3330 cm-1 attributed to O-H stretching vibrations 
of alcohols, phenols and carboxylic acids in pectin, cel-
lulose and lignin molecules. Hence, it was identified the 
presence of “free” hydroxyl groups on biosorbent surface 
as reported by26. The spectrum of corn cob biomass shows 
a wide band at 1012 and 3405 cm-1 assigned to C-O stretch-
ing vibrations and H-bonding, respectively. In addition, 
the absorption peak around 1600 cm-1 corresponded to 
vibrations of aromatic lignin content. As pointed out by27, 
the characteristic peaks of hemicellulose biomass were 
identified at 1274 and 1238 cm-1. It was found absorption 
bands at 3500 and 3000 cm-1 in oil palm bagasse spec-
trum ascribed to the presence of carboxylic acids. The 
peaks at 1600 and 1700 cm-1 corresponded to carbonyl 
group and aromatic C=H in lignin molecules. The vibra-
tions around 1450-1540 cm-1 can be assigned to aliphatic 
and aromatic groups and deformation of methyl, methy-
lene and methoxy groups. The band located in absorption 
range 1050-1450 cm-1 are associated to carboxylic acids 
and alcohols of hemicellulose17 18. 

Figure 1. FT-IR spectra of orange peels (OP), corn cob (CC) 
and oil palm bagasse (OPB) biomass.

3.2 Characterization of Al2O3 Nanoparticles
The XRD analysis was carried out in order to identify 
phases and microstructureof synthesized nanoparticles. 
As is shown in Figure 2, the broad peakat 15-40º (2θ) is 
attributed to crystalline nature of Al2O3 nanoparticles.The 
full widths at half-maximum of the XRD lines at 2θ range 
was used to determine the average crystallite size using 
Scherrer’s equation as follows20: 

Where  is the average particle size,  is the wavelength 
of X-ray radiation(1.45 Å) and s the line broadening at 
half the maximum intensity. The calculated value of aver-
age particle size was 50±4 nm and the sharpest peak 
attributed to γ-alumina suggested an amorphous struc-
ture. It was also identified that γ-alumina coexists with 
δ-alumina. 

Figure 2. XRD pattern of Al2O3 nanoparticles.

3.3 Characterization of biosorbents
Figure 3 shows the results of FT-IR analysis performed 
to different biomasses modified with Al2O3 nanoparticles. 
It was found that these biosorbents exhibited the same 
functional groups of unmodified biomaterials. The pres-
ence ofaluminum bonds listed in Table 1 was expected 
due to the loading of biomass with alumina powder. 

Table 1. Identification of functional groups with 
absorption bands 

Functional groups Absorption bands (cm-1)

O-Al-O 650-700

Al – O- M* 950-1200

Al – C = O 1500-1700

Al – COOH 2600-3800
*M=Al or Si
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Figure 3. FT-IR spectra of biomaterials modified with Al2O3 

nanoparticles.

The absorption peaks at 600 and 800 cm-1 are 
attributed to symmetric and asymmetric deformation 
vibrations of Al-O as a result of Al2O3 nanoparticle com-
plexity28. All spectrums showed a sharp band at 1600 cm-1 
assigned to Al-C=O bonding. In addition, the presence 
of characteristic peaks in the absorption range 900-1200 
cm-1 confirms that different types of functional groups 
are available on the surface of biosorbents for cationic 
exchange reactions related to the =Al-O groupsaccording 
to that reported by29. 

3.4 Adsorption Experiments 
Effect of pH and particle size: The adsorption process 
takes place mainly on porous biosorbent surface and the 
amount of heavy metal ions adsorbed is proportional to 
the solution volume and surface area of adsorbent par-
ticles. In addition, the specific surface area is increased 
as the particle size becomes small due to the number 
of pores per unit mass30. In order to determine suitable 
conditions for further experiments, the effect of pH and 
particle size on Cr (VI) and Hg (II) uptake was evalu-
ated. Different pH values (2, 4 and 6) and particle sizes 
(0.355, 0.5 and 1 mm) were considered. Figures 4, 5 and 
6 show the removal yield of both heavy metal ions using 
biomaterials modified with Al2O3 nanoparticles. It was 
observed that removal yield increased as particle size 
decreased for both Cr (VI) and Hg (II), which is ascribed 
to the improved surface area that increases the available 
sites for biosorbent-solute interactions. As adsorption is a 
surface phenomenon, it was expected that chromium and 
mercury uptake were proportional to available biosorbent 
surface31.

It is well known that pH plays an important role on 
adsorption capacity of biosorbents. In the range of pH 
2-6, the predominant form of chromium is Cr2O7

2- and 

HCrO4
-; at pH ~6,it is present in the form of CrO4

2- ions 
and the affinity of this anion is very low in comparison 
with Cr2O7

2- and HCrO4
-. In addition, the bioadsorbent 

surface is highly protonated due to the H+ ionsat lower 
pH and there is a strong electrostatic attraction between 
the positively charged surface and the anions Cr2O7

2- 
and HCrO4

- as pointed out by32. Hence, it was expected 
that removal yield decreased as pH increased. The high-
est Cr (VI) removal yields of 48.2, 30.8 and 30.5% were 
achieved at pH=2 and particle size 0.355 mm using OPB-
Al2O3, CC-Al2O3 and OP-Al2O3, respectively. For mercury 
ions, the highest removal yields were obtained at pH=6 
(70.89, 34.18 and 54.9 % using OPB-Al2O3, CC-Al2O3 and 
OP-Al2O3, respectively). These results are attributed to 
induced changes in biosorbent surface that increases the 
adsorption of metal ions such as mercury that is predomi-
nantly present in Hg (OH)2+ and HgCl2+ forms, producing 
electrostatic attraction with OH- anions at higher pH33. 
On the other hand, protonation in acid solution induces 
an electrostatic repulsion that reduces the number of 
active sites available for the adsorption of mercury ions. 
Many researchers have obtained similar results34 reported 
that Hg (II) is better adsorbed at pH ranged in 4-6. The 
competition for available adsorption sites of H+ with cat-
ionic forms of mercury at pH>4 is lower than acid pH35 
evaluated the effect of pH (1-12) on Hg (II) removal onto 
a hyperbranched and multi-functionalized dendrimer 
modified mixed-oxides nanoparticles,finding that the 
highest removal yield (99.9%) was reached at pH=6 and 
pH>9 induces precipitation of this metal. 

Figure 4. Effect of particle size on the removal yield of Cr 
(VI) and Hg (II) using biomaterials modified with Al2O3 

nanoparticles at pH=2.

Adsorption equilibrium time: Figures 7 and 8 show 
the contact time overtime required to reach the equilib-
rium in the system biosorbent-heavy metal ions for Cr 
(VI) and Hg (II). After this timeadsorption process started 
to be stable indicating saturation of active sites due to the 
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repulsive forces between cations already set and the free 
ones in solution affect rate of adsorption overtime36. This 
experiments were carried out at suitable conditions of pH 
and particle size. The adsorption equilibrium time ranged 
between 350-390 min and 270-330 min for chromium 
and mercury, respectively. It was found that Hg (VI) satu-
rated the biosorbents more quickly than Cr (VI), which 
can be attributed to the high availability of active sites 
offered at pH=616.

Figure 5. Effect of particle size on the removal yield of Cr 
(VI) and Hg (II) using biomaterials modified with Al2O3 

nanoparticles at pH=4.

Figure 6. Effect of particle size on the removal yield of Cr 
(VI) and Hg (II) using biomaterials modified with Al2O3 

nanoparticles at pH=6.

Figure 7. Hg (II) adsorption equilibrium time using 
biomaterials modified with Al2O3 nanoparticles at pH=6.

Figure 8. Cr (VI) adsorption equilibrium time using 
biomaterials modified with Al2O3 nanoparticles atpH=2.

4. Conclusions
This work studied the adsorption of Cr (VI) and Hg (II) 
ions onto residual biomass (orange peels, oil palm bagasse 
and corn cob) modified with Al2O3 nanoparticles. It was 
found that pH most affects removal yield of both heavy 
metals. The suitable conditions for carrying out further 
experiments were pH=2 and 6 for Cr (VI) and Hg (II), 
respectively.  In addition, particle size did not significantly 
affect adsorption process, however the highest removal 
yields were reached at 0.355 mm. For Hg (II) ions, the 
highest removal yields were 70.89, 34.18 and 54.9 % 
using OPB-Al2O3, CC-Al2O3 and OP-Al2O3, respectively. 
For Cr (VI) ions, these values were 48.2, 39.8 and 30.5 % 
using OPB-Al2O3, CC-Al2O3 and OP-Al2O3, respectively. 
According to these results, OPB-Al2O3 is recommended as 
biosorbent in Hg (II) and Cr (VI) uptake applications due 
to its efficiency and availability of low-cost raw material. 
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