54 Journal of Technical Education Science No.38 (12/2016)
Ho Chi Minh City University of Technology and Education

BIOSORPTION OF CHROMIUM (VI)
FROM AQUEOUS SOLUTIONS BY MODIFIED CHITOSAN BEADS

HAP PHU SINH HOC KIM LOAI CADIMI (VI)
TRONG NUGC BANG HAT CHITOSAN BIEN TiNH

Nguyen My Linh , Phan Minh Nhat , Ngo Hoang Phi Hai
Ho Chi Minh City University of Technology and Education

Received 05/09/2016, Peer reviewed 10/12/2016, Accepted for publication 25/12/2016

ABSTRACT

The presence of heavy metals pollutants in the industrial effluents has become a serious
problem for human beings and the environment. In this work, chitosan beads were crosslinked
and modified by Saccharomyces cerevisiae (S. cerevisiae) and histidine to enhance its acid
stability and mechanical strength and biosorption capacity. The ability of Chromium (V1)
biosorption on chitosan beads modified with Saccharomyces cerevisiae and histidine using
glutaraldehyde as a crosslinking agent (SC-HIS-CCB) was studied. Biosorption experiments
were performed by varying solution pH (2.0-7.0) and the amount of biosorbent (0.5-5 g L™).
The optimal pH was found to be 4.0. It has been found that the percentage removal efficiency of
Cr (V1) increased as the biosorbent dose increased from 10 to 35 mg.g™*.The agigation time is
30 min. The result shows that the modified chitosan beads could be used as an effective
biosorbent for the removal of Cr (VI) from wastewater and contaminated water sources.
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TOM TAT

Su hién dién cuia kim logi nang trong nuwéc thai cdng nghiép hién 1a mét trong nhizng van
dé anh hwong ti con nguoi va méi trieong. Trong nghién ciru nay, hatk chitosan dwoc khau
mach va gan thém nam men S.C , histidine dé tiang kha ndang bén trong méi trwong acid cua
chitosan ciing nhw hiéu qud hdp phu sinh hoc. Kha ndng hap phu cadimi (VI) trén hat chitosan
duwroc bién tinh bang cach gan thém ndm men Saccharomyces cerevisiae va histidine si dung
glutaraldehyde 1am cau néi ( SC-HIS-CCB) dwoc nghién cizu. Thi nghiém hap phu sinh hoc
diroc khdo sdt duedi cae do pH khéc nhau (2.0-7.0) va lwong chat hdp phu (0.5-5 gL™). pH téi weu
cua qua trinh 1a 4.0. Hiéu qua khit Cr (V) tiang khi ham heong chat hdp phu ting tir 10 dén 35
mg g*. Thei gian hdp phu t6i wu la 30 phit. Nghién cizu cho thdy, hat chitosan bién tinh c6 hiéu
qud tot trong viéc logi bé Cr (V1) trong nguén nuwéc bi & nhiém.

Tir khoa: Hap phu sinh hoc; Cr (VI); hat chitosan bién tinh; Saccharomyces; Histidine.
1. INTRODUCTION

The presence of heavy metals pollutants  industrial waste-water streams such as those
in the industrial effluents has become a from electroplating, leather tanning, wood
serious problem for human beings and the preservation, pulp  processing,  steel
environment [1-3]. Chromium (VI) is manufacturing, etc...[4,5]. Meanwhile, the
released into surface water from various accumulation of chromium causes of serious



Journal of Technical Education Science No.38 (12/2016) 55
Ho Chi Minh City University of Technology and Education

lung and kidney problems. Therefore,
phenols and chromium are highly concerned
to eliminate from the waste-water before
discharging into the water streams [4,5].
Currently, chitosan has been reported as a
notable biosorbent because of its low cost,
plenitude and high selectivity toward
pollutants including phenol and nickel [4, 6,
7]. In this work, chitosan beads were
crosslinked and modified by Saccharomyces
cerevisiae (S. cerevisiae) and histidine to
enhance its acid stability and mechanical
strength and biosorption capacity [5, 8].

The objective of this research is to
investigate the chromium biosorption by
chitosan beads modified with S. cerevisiae
and  histidine  (SC-HIS-CCB)  using
glutaraldehyde as a crosslinking agent. Batch
experiments were performed to evaluate
effective parameters such as solution pH,
contact time, amount of biosorbent.

2. MATERIALS AND METHODS
2.1 Chemicals

Chromium standard solution (1000 mg
L) was provided by Merck Co. Commercial
chitosan with 85% degree of deacetylation
and glutaraldehyde (25%) solution in water
was achieved from Sigma Aldrich Co.
Histidine amino acid was given by Alfa Aesar
Co. All other reagents used in this study were
analytical grade.

2.2 Preparation of biosorbent

The process to prepare the biosorbents
well followed the previous studies [9]. Chitosan
beads (CB) were prepared using chitosan
powder (6 g) dissolved in 240 mL of 7% acetic
acid. The slurry was degassed under vacuum,
and dropped into 200 mL of an alkali
coagulating solution (H.O:methanol:NaOH =
4:5:1, wiw/w) to prepare highly swollen
spherical beads with an average diameter of 3.5

mm by KDS pump. The beads were collected
and thoroughly washed with distilled water.

The crosslinking process was carried out
by adding wet chitosan beads (200 mL in
volume) into a glass beaker containing
glutaraldehyde solution (the molar ratio
between CHO groups of glutaraldehyde and
amine groups of chitosan was fixed at 1:2). The
materials were then mixed and agitated for 16 h,
200 rpm. The resulting crosslinked chitosan
(CCB) was washed several times with distilled
water to remove the residual of glutaraldehyde.

The immobilization of histidine on CCB
was achieved using the same procedure as
described previously. After washing with 1.5
mol L of sodium carbonate solution, the beads
were placed in a recipient and 10% (w/v)
solution of histidine in 1.5 mol L of sodium
carbonate solution added. The mixture was
agitated at 60°C for 24 h. After this time, the
beads (HIS-CCB) were washed until excess of
non-immobilized histidine was washed out.

The HIS-CCB was suspended in 0.05
mol L* phosphate buffer solution (pH 7.0)
and was kept at room temperature for 4 h. The
S. cerevisiae powder (1 g) was then added and
the mixture was agitated at 200 rpm for 16 h.
The beads (SC-HIS-CCB) were then washed
several times with distilled water.

2.3 Biosorption studies

Biosorption experiments were performed
by batch equilibration method. Stock solution
containing 1000 mg L™ was prepared. Batch
biosorption experiments in duplicate were
carried out by mixing 2 g L of biosorbent
with 100 mL solution. The contents were
shaken thoroughly using an orbital shaker
incubator (LM-570RD) at a speed of 200 rpm
at 303 K. The solution was then filtered and
residual chromium concentration was detected
by Atomic Absorption Spectrophotometer.
The pH measurements were carried out with
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Horiba pH meter. The effect of agitation time
was conducted at 303 K and under a stirring
rate of 200 rpm with 2 g L™ of biosorbent. The
effect of pH on the biosorption of Cr (VI) was
studied in a pH range of 2.0-7.0 by adding
appropriate buffers.

The amount of adsorbed chromium (V1)
was calculated according to the following
equation:

(C,-C,)xV

m

e

wherein, ge is the amount of Cr(V1) adsorbed
on SC-HIS-CCB (mg g?), Co and Ce are the
Cr(VI) concentrations in the solution initially
and at equilibrium (mg L), respectively, V is
the volume of the solution (L), and m is the
mass of biosorbent used (g).

3. RESULTS AND DISCUSSION
3.1 Effect of pH on the biosorption capacity

The biosorption of phenol and nickel (I1) on
SC-HIS-CCB was dependent on the pH of
solution. The effect of initial pH on the
biosorption of SC-HIS-CCB could be found in
Fig. 1. In the other hand, the optimum pH of the
biosorption of Cr (V1) was found at pH 4.0. The
capacity of biosorbent increased with the
increase of pH in medium. As the pH was
lowered, the overall surface charge on the beads
became positive, which would inhibit the
approach of positively charged metal cation [10].
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Figure 1. Effect of pH on the biosorption of
Cr (VI) on SC-HIS-CCB at 303 K and an
initial Cr (VI) concentration of 50 mg L™

3.2 Effect of biosorbent dose on the
biosorption capacity

One of the most important parameters
that strongly affected the biosorption capacity
was the dose of biosorbent. The removal
efficiency (%) and biosorption capacity (mg
g) is shown in Fig. 2 Cr (V). As seen in Fig.
2, the amount of Cr (V1) adsorbed increased
with increasing of biosorbent dose from 0.5 to
5 g L from 10 to 35 mg g*. However, the
uptake capacity of solutes per unit mass of
biosorbent (mg g?) decreased with the
increase of amount of adsorbent. These
results can be explained by the increased
adsorbent dose leading to the saturation of
adsorption sites on the surface of adsorbent,
therefore, no further adsorption occured [11].
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Figure 2. Effect of dose of biosorbent on the
biosorption of Cr (VI) on SC-HIS-CCB at pH
4.0, 303 K, and an initial chromium
concentration of 50 mg L

3.3 Effect of agitation time on the
biosorption capacity

The effect of agitation time on the
biosorption of Cr (VI) | at different initial
concentrations on the SC-HIS-CCBs is
illustrated in Figure 3. A rapid biosorption
occured within the first 10 mins. The
biosorption equilibrium was completely
obtained after 30 min. Therefore, 30 min of
contact time should be chosen as the optimal
contact time.
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Figure 3. Effect of contact time on the
biosorption of Cr (VI) on the SC-HIS-CCBs at
pH 4.0, 303 K, and different initial Cr (VI)
concentrations

4. CONCLUSION

57

(SC-HIS-CCB) using glutaraldehyde as a
crosslinking agent was investigated. The
optimal pH value for biosorption was 4.0. The
increase in dose of biosorbent led to the
increasing of percentage removal efficiency.
The amount of Cr (VI) adsorbed increased
with increasing of biosorbent dose from 0.5 to
5 g L*from 10 to 35 mg g*. However, the
adsorption capacity decreased with increasing
adsorbent dose. 30 min of contact time was
found to be the optimal contact time. Because
this biosorbent was of low cost; its utility
could be economical and viewed as a part of a
feasible waste management strategy.
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