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Abstract

Background: In recent decades, agricultural residues have been widely applied in the development of novel materials in
order to obtain high-value products and reduce disposal issues. Objectives: In this work, corn cob residual biomass was
used to prepare a biosorbent chemically modified with alumina nanoparticles. Methods/Analysis: The alumina nanopar-
ticles were synthesized by sol-gel methodology and loaded into biomass matrix using an organic solvent. The corn cob
biomass was characterized by ultimate analysis, FT-IR technique, Boehm titration and point of zero charges method, which
provide information related charge of biomass surface, diversification of functional groups and elemental composition.
SEM and EDX analyses were also performed in order to study morphology and composition of the prepared biosorbent.
Batch adsorption experiments were carried out to evaluate the effect of pH and particle size on adsorption efficiency and
determine suitable conditions for further experimentation. Findings: The physicochemical characterization of corn cob
biomass revealed the presence of carboxyl, hydroxyl and amine functional groups in FT-IR spectrum. After loading alu-
mina nanoparticles, this spectrum exhibited characteristic peaks of aluminum bonds suggesting a successful synthesis.
In addition, it was observed that pH played an important role in removal yield results, hence, pH=6 were selected as suit-
able value for performing further experiments. The removal yield for cadmium and nickel ions using chemically modified
biomass were 91 and 86%, respectively, results higher than those obtained using biomass. Novelty/Improvement: The
modification with Al203 nanoparticles enhances adsorption process and could be applied to other sources of biomass.
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1. |ntr0duction Hence, researchers have studied different alternatives for

converting agricultural residues into high-value prod-

The agricultural activities generate a lot of wastes that are uctst. These lignocellulosic biomasses are one of the most

being an environmental problems related to the disposal. widely used and low-cost biosorbent in the adsorption

*Author for correspondence



Adsorption of Nickel and Cadmium by Corn Cob Biomass Chemically Modified with Alumina Nanoparticles

process of heavy metal ions®. The application of biosor-
bents for heavy metals uptake seems to be more suitable
because of the following advantages: low operating cost,
selectivity, abundant availability, high removal yield
and environmental friendly®. Several biosorbents have
been prepared from agricultural biomasses such as: rice
straw, orange peels, pecan nut husk, corn cob, among
others®. Corn (Zeamays) is considered one of the major
crops that grow worldwide and is included in nutritional
diet®. The main residues from corn processing activities
are husk, silk, leaves and cob, which have been received
great attention for developing novel biomaterials with
a wide variety of applications. Used corn cob for chro-
mium uptake and obtained removal yields around 39.8%
at pH solution of 2 and particle size of 0.355 mm. On
the other hand, nanotechnology offers methodologies
to modify residual biomasses in order to improve their
performance in adsorption process due to the increase of
surface area®. Among these, loading magnetic nanopar-
ticles into biomass matrix as titanium dioxide, alumina,
cerium oxide and zinc oxide provides an enhancement of
physicochemical properties of biomaterials”. In this work,
corn cob biomass and alumina nanoparticles were used
to prepare a biosorbent useful to remove cadmium and
nickel ions, which are discharged to the environment by
industrial sectors including metal plating facilities, bat-

tery manufacturing and mining.

2. Material and Methods

2.1 Biomass Preparation

The cultivation of corn crop generates several residues
that can be used as lignocellulosic biomass. In this
framework, corn cob residues were selected to prepare
a novel biosorbent. This agricultural biomass was
purchased from a local farm and washed thoroughly to
remove impurities. Then, the cleaned biomass was dried,

grounded and sieve-meshed according to that reported

by?.
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2.2 Synthesis of Nanoparticles

The sol-gel methodology is recognized to increase
porous size providing high surface area for heavy metal
ions uptake. The alumina nanoparticles synthesis was
based on the work performed by? in which 0.5 M (Al
(NO,),-9H,0) solution was mixed with 0.5 moles of cit-
ric acid (C,H,O,) solution. The resulting mixture was
continuously stirred at 60°C until a yellow pigmentation
appeared. The temperature was increased in 20°C to form
a gel that was heated at 750°C in order to obtain powder

of alumina nanoparticles.

2.3 Biomass Modification with Alumina
Nanoparticles

The novel biosorbent was prepared by loading Al O,
nanoparticles into corn cob biomass and dimethyl sulfox-
ide (DMSO) was used as organic solvent. In brief, 0.5 of
biomass was added to DMSO solution in order to form a
suspension after stirring for 24 h. Afterward, tetra ethyl-o-
silicate (TEOS) and powder of nanoparticles were added
to this suspension. The prepared biosorbent was washed

with ethanol to remove soluble impurities'®!.

2.4 Characterization Techniques

As is summarized in Table 1, several characterization
techniques were applied to determine physicochemical
properties of the resulting biosorbent as well as the alu-
mina nanoparticles and biomass.

The elemental composition of corn cob biomass was
determined by ultimate analysis. The diversification of
functional groups was identified by Fourier Transform
Infrared Spectroscopy (FT-IR) before and after loading
alumina nanoparticles into the biomass. Boehmtitration
was used to quantify the amount of lactonic, phenolic
and carboxylic components in corn cob biomass. In addi-
tion, a scanning electron microscope (SEM) coupled to
an energy-dispersive X-ray spectroscope (EDS) was used
to observe morphology of nanomaterials and confirm its

elemental composition.
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Table 1. Methods of biosorbent characterization
Parameter Method
Carbon (%) AOAC 949.14
Hydrogen (%) AOAC 949.14
Nitrogen (%) AOAC 984.13 KJELDAHL
Ashes (%) Thermogravimetry

Pectin (%)

Digestion-thermogravimetry

Lignin (%)

Photocalorimetry

Cellulose (%)

Digestion-thermogravimetry

Hemicellulose (%)

Digestion-thermogravimetry

Functional groups

FT-IR

Lactonic, phenolic and carboxylic components

Boehm titration

2.5 Determination of Point of Zero Charges

The point of zero charges (pH, ) has been widely cal-

PZC
culated for biomasses because it provides information
about suitable values of pH solution. In brief, 0.5 g of corn
cob biomass was mixed with 50 mL of distillate water
and stirred for 48 hours. The solution pH was measured
before and after this procedure. It was expected changes
in surface charge of biomass due to the adsorption of H*

or OH ions!2.

2.6 Biosorption Study

Stock solutions of nickel and cadmium were prepared by
dissolving nickel sulfate (NiSO,) and cadmium sulfate
(CdSO,) in deionized water until achieving a solution
concentration of 100 ppm. The parameter of temperature,
contact time and dosage of biosorbent were fixed in all
batch experiments. Solution pH as well as particle size was
varied in order to analysis its effects on adsorption pro-
cess. The pH was adjusted to 2, 4 and 6 by adding HCl and

NaOH. Three different particle sizes were considered for
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this purpose (0.355, 0.5 and 1 mm). The remaining con-
centration of cadmium and nickel was determined using
diphenylcarbazide acid solution and a UV/Vis Shimdzu
UV 1700 spectrometer. The mathematical expression of

removal yield is described in Equation 1.

c.—-C.)-
Removal yield(96) = % 1009

()

3. Results and Discussion

3.1 Characterization of Residual Biomass

The composition of corn cob biomass is summarized
in Table 2, in which carbon element most contributes
with 39.89 % of dried biomass. This result was expected
due to the organic nature of the agroindustrial residue.
The composition of cellulose, lignin, hemicellulose and
pectin reported to be 13.08, 6.51, 6.47 and 7.98 (wt. %)
respectively.
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Table 2. Composition of corn cob biomass

Parameter Value
Carbon (%) 39.89 + 0.41
Hydrogen (%) 3.28 £0.09
Nitrogen (%) 0.46 + 0.04
Sulfur (ppm) 0.28 £0.10
Ashes (%) 1.20 + 0.08
Pectin (%) 7.98 +0.33
Lignin (%) 6.51 £0.18
Cellulose (%) 13.08 £ 0.25
Hemicellulose (%) 6.47 +0.07

FT-IR analysis was carried out to identify the presence
of functional groups as hydroxyl, carboxyl and amines,
which are recognized to improve adsorption process. As
is shown in Figure 1, hydroxyl stretching vibrations were
observed around 3314.67 cm’. Lignocellulosic materi-

als are characterized to have carboxyl groups that were
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Figure 1. FT-IR spectrum of corn cob biomass.
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observed around 1733.7 cm™. The absorption band at
1031.79 cm™ was assigned to primary alcohols (C-OH).
The complete diversification of functional groups is
listed in Table 3. These functional groups characteris-

tic of biomass were also observed after loading alumina

Transmittance (u.a)

Al-COOH

Al-0-M
M=A14Si

3530 3030 530 2030 1530 1030 530
Wavelengh (cm )

Figure 2. FT-IR spectrum of chemically modified biomass
with Al O, nanoparticles.
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Table 3. Characteristic absorption bands in FT-IR spectrum of biomass

Band Wavelength(cm™) Functional group Bond
A 3314.67 Alcohol and phenols
B 1733.70 Aldehydes, ketones and carboxylic acid
C 1635.44 Alkenes
D 1506.79 Secondary amines
E 1374.08 Alkanes
F 1238.28 Amides
G 1031.79 Primary alcohol

nanoparticles. Figure 2 shows the FT-IR spectrum of the
resulting biosorbent which presents adsorption peaks
of aluminum oxide. The bands at 700, 1034 and 3292
cm’! are assigned to Al-O-Al, Al-C=0O and Al-COOH
stretching vibrations, respectively’. The presence of these

bonds with aluminium suggested a successful synthesis

12

4 1 ——NaOH
) ~4—NaHCO;4
~—NayC03
0 . . . ‘
0 5 10 15 20 25

NaOH volume (mL)

Figure 3. 'The pH curve during titration methodology for
corn cob biomass.
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of biosorbent due to the incorporation of aluminium and
oxygen in biomass.

The measurement of carboxylic, lactonic and pheno-
lic components was performed by Boehm titration. It was
found 3306, 18890 and 0 umoles of carboxylic, lactonic
and phenolic components, respectively, suggesting that
corn cob biomass could interact with heavy metal ions
due to the active functional groups. As shown in Figure 3,
the pH curve was constructed to calculate the equivalent
point as well as the requirements of sodium hydroxide to
perform Boehmmethodology*.

SEM and EDX Analysis: Figure 4 shows the results
for both SEM and EDS analyses carried out to identify
morphology and elemental composition of chemically
modified biomass, respectively. As is observed from SEM
micrograph, the biosorbent exhibits a porous surface with
aggregations that suggested the formation of alumina
amorphous phase. This porous structure indicates that
physical adsorption process plays a substantial role on
biosorption of biosorbents'é. In addition, EDX spectrum
revealed that carbon, oxygen and aluminium are the ele-
ments that most contribute to biosorbent composition as
follows: C (wt %) 44.01, O (wt %) 47.31, Al (wt %) 7.00
and Si (wt %) 1.68.
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Figure 4. SEM and EDS analyses for chemically modified corn cob biomass.

3.2 Determination of Point of Zero Charges charge that induces a strong attraction forces. As shown
in Figure 5, the curve cuts pH, = pH, . at4.79 for corn

initial

The point of zero charges of adsorbents is an important

. 1 . .
parameter that determines the pH value at which the cob biomass®. Determined the point of zero charges for

_ . . 2.
surface exhibits net electrical neutrality’”. For pH values raw corn cob as 6

higher than pH_, the biosorbent surface has negative

3.3 Bioadsorption Study

g The results on the effect of particle size and solution

Y [ pH are shown in Figures 6-7 for cadmium and nickel,

] respectively. As can be observed, the removal yield was

6 ey not significantly affected by the decrease in particle size.

It is well known that a decrease in particle size increases

E 5 ! the accessibility to the particles pores, however, particle
Tﬂq 4 - |I diameter below 0.5 mm could affect adsorption efficiency
= i due to the suspension of finer particles in the aqueous
3 i solution®. The solution pH was considered an important

2 - i operating parameter because its influence in sorption

E affinity by either altering the biosorbent surface proper-

I i 479 ties and the ionic form of heavy metal ions®. The removal

0 : — : yields in pH range 1-4 were similar suggesting that satu-

0 2 4 6 8 ration of active sites occur at pH=42.. It was expected high

» adsorption efficiency in this range because of the value of
Initial pH

point of zero charges of corn cob biomass. In addition,

Pigure5. Point of zero charges for corn cob biomass. Pareto chart in Figure 8 confirms that pH solution param-
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Figure 6. Effect of particle size and pH on removal yield of Cd (II) ions using corn cob biomass.
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Figure 7. Effect of particle size and pH on removal yield of Ni (II) ions using corn cob biomass.

eter plays a more important role in adsorption process solution of 6. For nickel ions, the highest adsorption
than particle size. efficiency (76%) was achieved at pH solution of 6 and par-

The highest removal yield for cadmium ions was ticle size of 1 mm. According to that reported by%, it was
calculated in 86% using particle size of 0.5 mm and pH expected that corn cob biomass exhibited higher selectiv-
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Figure 8. Pareto chart for: a) cadmium and b) nickel removal yields using corn cob biomass.
Table 4. A summary of biomasses used in cadmium ions uptake
) Removal yield Particle size
Biomass pH Dosage (g/L) T (°C) Reference
(%) (mm)
Zea Mays powder 79.36 6.5 0.105 10 25 In*
Commercial activated
83.00 5.7 - 2.5 - In*
carbon
Pomelo powder 85.94 45 0.25 5 25 In*
Corn cob 86.00 6 0.355 5 25 This work
ity for cadmium ions than nickel ions explained by larger The resulting biosorbent after chemical modification
ions could better fit a binding site. Similar removal yields with alumina nanoparticles was also used to nickel and
results were reported in other works using different bio- cadmium uptake under suitable conditions of pH and

masses as is summarized in Tables 4-5.
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particle sizes (6 and 1 mm, respectively). Figure 9 reveals
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Table 5.

A summary of biomasses used in nickel ions uptake

Biomass Removal H
i
yield (%) P

Particle size
(mm)

Dosage (g/L) T (°C) Reference

Rice husk 65.40 6

- 20 g/L

55°C In*

Sugarcane bagasse 78.00 7.5

- 1.5¢g/L

25°C In¥

Zea Mays powder 71.98 6.5

0.105 mm

10 g/L 25°C In®

Corn cob 76.00 6

0.355 mm

5g/L 25°C This work
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Figure 9. Comparison of removal yields using biomass and chemically modified biomass.

that chemically modified biomass exhibited highest
removal yields than biomass indicating an enhancement
in adsorption process after loading alumina nanoparticles
into corn cob biomass. The removal yields for cadmium
and nickel ions using chemically modified biomass were
91 and 86%, respectively.

4. Conclusions

This work attempted to apply a novel biosorbent prepared

Vol 11 (22) | June 2018 | www.indjst.org

from corn cob biomass and alumina nanoparticle for
removing cadmium and nickel from aqueous solution.
The physicochemical characterization of this biomass
revealed the presence of carboxyl, hydroxyl and amide
groups which positively contributes to adsorption pro-
cess. As was expected due to the lignocellulosic nature
of corn cob, carbon most contributed biomass composi-
tion. The carboxylic, lactonic and phenolic components
were quantified in 3306, 18890 and 0 umoles, respectively.
SEM micrograph revealed a porous structure useful for

Indian Journal of Science and Technology | 9 -
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adsorption process and EDX spectrum confirmed that
carbon, oxygen and aluminum are present in the prepared
biosorbent. The batch adsorption experimental results
allowed determining as suitable conditions the pH solu-
tion of 6 and particle size of 1 mm. The removal yield for
cadmium and nickel ions using chemically modified bio-
mass were 91 and 86%, respectively, results higher than
those obtained using raw biomass indicating that modi-
fication with alumina nanoparticles enhanced adsorption

process.
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