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Abstract: -

Contamination of underground and surface water by industrial and agricultural activities is a great threat to environmental
health. Easy and economically cost effectively available technology for removal of these toxic heavy metals from wastewater is
therefore required. Traditional methods of heavy metal removal include reverse osmosis, ion exchange mechanism, chemical
precipitation, electrochemical treatment techniques, membrane filtration, coagulation, extraction, irradiation and adsorption.
Adsorption is the most preferred technique due to its high efficiency and cost. Activated carbon, clay minerals and natural zeolite,
chelating materials, metal oxide nanoparticles and carbon nanosheets have been used for adsorption. In this study, graphene
oxide nanocomposites were synthesized using modified Hummer’s method. Sodium graphene oxide was prepared by neutralizing
graphene oxide using sodium hydroxide and rinsing with HCI. Surface morphology of the nanocomposites were studied using
Fourier transform infrared spectrophotometer. Graphene oxide and sodium graphene oxide were used for removal of Cadmium
and Chromium ions. Parameters pH, metal ion concentration, mass of the adsorbent required for adsorption and time of
adsorption were optimized. Metal ion concentrations were analyzed using Atomic absorption spectrophotometer. Optimum pH for
adsorption was found to be pH 6. A concentration of 200 ppm was experimentally chosen as the optimum for the batch
experiments. The optimum mass of the nanocomposites was found to be 0.1g. Equilibrium for adsorption was achieved after 60
minutes for the sodium graphene oxide and 90 minutes for the graphene oxide nanocomposites. The experimental data was fit in
both Langmuir and Freundlich isotherms.
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irradiation (Batley et al., 1978) and adsorption (Srivastava
et al., 2011). Due to its low cost effective, high efficiency,
and simple to operate for removing trace levels of heavy
metal ions, adsorption technology is regarded as the most
promising technique (Zambous et al., 2011). Several
materials including activated carbons (Kobya et al., 2005),
clay minerals (Oubagaranadn et al., 2009), chelating
materials (Sun et al., 2006), and chitosan/natural zeolites
(Wang et al., 2009) have been researched to adsorb metal
ions from aqueous solutions.

Introduction

Since beginning of industrialization, surface and
groundwater contamination by heavy metals has been a
major threat because there toxicity towards aquatic life,
plants, animals, human beings and the environment (Shen et
al., 2009). Heavy metal pollution is known to result from
various sources such as lead in petrol, industrial effluents,
leaching of mineral ions into lakes and rivers by acid rain,
preparation of nuclear fuels and electroplating. They enter
into soil, underground water and surface water. Unlike
organic contamination, heavy metals do not normally
undergo biodegradation and are thus considered a challenge

Even though activated carbon is the most familiar adsorbent,
its wide spread use is limited because of factors associated

for remediation. Though many governments have enacted
laws barring discharging of heavy metals to water bodies
using toxic substances such as lead, heavy metals still find
their way to water sources (Amarasinghe, 2007). Heavy
metal ions could be removed by several traditional
techniques (Fu and Wang, 2011) including chemical
precipitation (Wang et al., 2005), reverse osmosis (Bodalo
et al., 2003), electrochemical techniques (Walsh et al.,
1994), ion exchange (Xing et al., 2007), membrane filtration
(Ersahim et al,. 2012), coagulation (Zhang et al., 2003)

with cost and low capacity for adsorption of metal ions (Li
et al., 2009). Adsorption technique though robust in nature,
massive mass transfer resistance due to size of convectional
adsorbents is a big issue (Setshedi et al., 2013). Most of
traditional micro-scale adsorbents have low adsorption
capacities and are time consuming owing to large diffusion
paths (Bhaumik et al., 2011). These drawbacks can be
overcome by application of nano-sized materials or
nanostructured adsorbent materials. Factors such as high
surface area, short diffusion paths and high attraction
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efficiencies make nanostructured materials attractive as
adsorbents for removal of contaminants from wastewater
(Ghanemi et al., 2011). Graphene oxide initially synthesized
is acidic and this limits its efficiency in adsorbing metal
ions. This study investigates the effectiveness of sodium
graphene oxide which is neutralized graphene oxide in the
adsorption of target heavy metals ions chromium and
cadmium at optimized parameters.

Materials and Methodology

Experimental procedure for Preparation of graphene
oxide nanocomposites

Graphene oxide was synthesized using the modified
hummer’s method (Krishna et al., 2012)

In a typical reaction, 2 g of graphite, 2 g of NaNO;, and 90
mL H,SO, (98%) were stirred together in an ice bath (0-5°C)
for 4 hours. 12 g of KMnO,4 was slowly added while stirring,
and the rate of addition was controlled to prevent the
mixture temperature from exceeding 15 °C. Subsequently,
184 mL of de-ionized water was added. The resulting
mixture was removed from the ice bath and stirred for two
hours. The temperature was raised to 98 °C resulting to a
brown color being observed. The solution was diluted
further with 100 mL of de-ionized water and stirred
continuously for another two hours. The mixture was then
treated with 40 mL of 30% H,O, solution to terminate the
reaction. The mixture was rinsed severally with 10% HCI to
remove metal ions and then with deionized water, filtered
and freeze dried. Sodium graphene oxide was prepared by
neutralizing graphene oxide already synthesized with 1M
sodium hydroxide in aqueous solution until a pH 7 was
obtained. Surface morphology of the prepared graphene
oxide and sodium graphene oxide was analyzed by FTIR
spectrophotometer; model-IR Affinity-1S.

Preparation of the stock solution

Stock solution was prepared from chromium nitrate and
Cadmium nitrate respectively. Serial dilutions were made
from the stock solutions.

Batch Experiments

Determination of optimum pH for adsorption

Optimization of the pH was done by varying the pH of the
samples of concentration 100 ppm to pH of 2, 4, 6 and 8.
The pH of each sample was adjusted using 1M hydrochloric
acid and 1M sodium hydroxide. 50 mL of 100 ppm sample
was exposed to 0.1g of NC and adsorption mechanisms
conducted for a period of 3 hours in all the 4 runs. The
mixture was filtered and the concentration of the metal ions

in the filtrate analyzed wusing Atomic Absorption
Spectrophotometer (AAS PG -990).

Determination of the effect of metal ion concentration on
adsorption

Effect of metal ion concentration was studied at optimum
pH, constant dosage of sorbent and same time interval.
Concentrations of 50 ppm, 100 ppm, 150 ppm, 200 ppm in
50 mL volume were exposed to 0.1g NC1 and the
adsorption allowed to take place for 3 hours. The mixture
was filtered and the metal concentration in the filtrate
analyzed using Atomic Absorption Spectrophotometer
(AAS- PG -990).

Determination of effect of dosage of adsorbent on
adsorption

The effect of the dosage of the adsorbent was studied at
optimum pH, optimum concentration and same time
interval. A mass of 0.1g, 0.2g, 0.3g and 0.4g NC was
exposed to 50 mL of 200 ppm samples. The mixture was
filtered and the metal concentration in the filtrate analyzed
using Atomic Absorption Spectrophotometer (AAS- PG -
990).

Determination of the optimum time for adsorption

Effect of time of exposure was studied at constant
concentration of metal ion solutions, Optimum pH, and a
constant dose of adsorbent. At optimum pH, 0.1g of NC was
exposed to 50 mL of 100 ppm samples and adsorption of
metal ions analyzed after 0.5 hrs, 1 hour, 1.5 hours, 2 hours
and 2.5 hours.

Results and Discussion

Surface morphology of graphite powder as a starting
material

The FTIR-spectra of graphite (Figure 1) had a characteristic
absorption band at 1635cm™ that were used to identify the
structure of graphite. The peak observed at 1635cm™ is
associated to the C=C skeleton of the graphite. This
confirms that the original structure of the graphite has not
been altered in any way. Other bands used to describe the
structure of graphite, that is intensive bands includes
1705cm™, 1658cm™, 1566cm™, 1527cm™, 1026cm™
455cm™  and 416cm™. The band between 1026cm™ to
1416cm™ is observed in case graphite is splitted. The
absorption band observed at 2368.59cm™ as a duplet is
attributed to the conjugate C=C of the graphite. However, in
the IR- spectra, intensive bands were observed at region
stretching vibration of hydroxyl group and carboxyl group.
This testifies the existence of carboxyl and hydroxyl groups
on the surface of graphite.
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Figure 1. FTIR spectra for graphite powder
From the Fourier transform infrared spectrum of graphene structure of the graphite has not been altered in any way.
oxide is depicted in figure 2. The peaks observed at 3400cm’ However, several functional groups —OH, C=0, C-O have
! corresponds to an absorption band of hydroxyl group (- been introduced into the graphite skeleton. The above
OH). The peak at 1720.5cm™ corresponds to an absorption functional groups are the active sites responsible for the
band for a carboxyl group (C=0) while that at 1056.99cm™ adsorption mechanism of metal ions. There is no difference
corresponds to an absorption band for an epoxy group (C- between the FTIR spectrum of graphene oxide and sodium
0). The peak observed at 1620.1cm™ is associated to the graphene oxide (Figure 3).
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Figure 2: FTIR spectra of graphene oxide
These functional groups on the surface of graphene oxide sites and thereby effectively increase the sorption capacity
and sodium graphene oxide can provide abundant sorption of for heavy metal ions (Kuo 2009).
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Fig 3. FTIR-spectra for sodium graphene oxide.

Batch experiments

Effect of pH on adsorption of chromium and cadmium
ions

The effect of pH on adsorption of both Cr and Cd ions were
studied by varying the pH of the samples from pH 2 to pH 8
(Figure 4) having a constant concentration and mass of the
nanocomposites. Adsorption was carried out by stirring by a
magnetic stirrer for a period of three hours to ensure that
maximum adsorption had taken place. Percent removal of
both Cr and Cd ions were observed to increase from pH 2 to
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pH 6 from which it decreased slightly at pH 8 for both
graphene oxide and sodium graphene oxide nanocomposites.
The percentage removal at pH 2 for both Cr and Cd ions
was 20.75% and 20.59% for graphene oxide (NC1) and
76.18% and 59.93% for sodium graphene oxide (NC2)
respectively. At pH 4, it was 30.92% and 21.98% for NC1
and 87.83% and 74.35% for NC2 respectively. High percent
removal was observed at pH 6 with 95.28% and 86.66% for
NC1 and 99.665% and 98.57% for NC2 respectively. A
slight decrease was observed at pH 8 with percent removal
of 93.61% and 60.85% for NC1 and 95.71% and 97.66% for
NC2 respectively.
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Figure 4. Percent adsorption of Cr and Cd ions at different pH values
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The trend above can be explained by the fact that changes in
pH affects the surface charge characteristics of the graphene
oxide and the sodium graphene oxide. Increasing the pH
increases the negative charge of the adsorbent and as a
result, reactions between Cr and Cd ions and the functional
groups (-COO" or -O7) are favored forming metal
complexes. According to Madad et al 2012, H" COOH, -
OH is released into the solution at the same time. This is
further confirmed by the fact that equilibrium pH was
measured to be lower than the initial pH value. Increasing
the pH above six leads to precipitation of the metal ions as
hydroxo complexes. Basic pH changes the surface charge of
the nanocomposites and as a result, electrostatic repulsion
occurs. Precipitation is responsible for the percent removal
of the Cr and Cd ions at pH 8. High adsorption capacities
are observed for the sodium graphene oxide. This can be
attributed to the fact that it being neutralized, it does not
alter the pH of the sample thus adsorption at exact sample
pH is measured. Graphene oxide prepared in this method is
acidic and this acidity together with the H* released from its
skeleton lowers the pH of the samples from the exact
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measured values and as a result lower adsorption capacities
are observed. The optimum pH was thus chosen to be pH 6
for the next batch experiments.

Effect of change in concentration on the removal of Cr
and Cd ions

The effect of change in the concentration was studied by
varying the concentration of the samples from 50 ppm to
200 ppm at optimum pH (Figure 5) and constant mass of the
nanocomposites. Adsorption was carried for three hours to
ensure maximum adsorption takes place. Percentage
removal of Cr and Cd ions increased with increase in initial
concentration of Cr and Cd ions solutions. Observed percent
removal for Cr and Cd at 50 ppm was 80.15% and 35.72%
for graphene oxide (NC1) and 91.6% and 43.3047% for
sodium graphene oxide (NC2). At 100 ppm were 94.89%
and 58.71% for NC1 and 96.86% and 56.67% for NC2. At
150 ppm were 94.56% and 60.26% for NC1 and 98.95% and
55.56% for NC2 while at 200 ppm were 99.02% and
65.87% for NC1 and 97.9% and 64% for NC2 respectively.
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Fig 5. Percent removal of Cr and Cd ions at different concentrations

Low initial concentrations indicate that the active sites of
both NC1 and NC2 are not fully utilized and as a result,
electrostatic attractions are low. Increasing the concentration
favors utilization of the active sites and as a result a high
percentage removal is observed. However, this is guided by
metal ion to the active site ratio. It can therefore be
concluded that adsorption of both Cr and Cd ions is
concentration dependent.

Effect of nanocomposites dosage

The effect of mass of the nanocomposites was studied at
optimum pH, concentration of 200 ppm and varying the
mass of NC1 and NC2 from 0.1g to 0.4 g in a 50 mL (Figure
6) sample solution respectively. The adsorption was carried
out for a period of three hours to ensure that maximum
adsorption takes place. Maximum percentage removal per
gram of the nanocomposites was observed for 0.1g of both
NC1 and NC2.
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Figure 6; Effect of mass of nanocomposites on the percent removal of Cd and Cr ions

The trend above can be attributed to the fact that active sites
can be favorably accommodated at low nanocomposite
dosage. Changing the dosage of the NC1 or NC2 alters the
metal ion ratio to the active sites ratio. This therefore alters
the adsorption mechanism.

.l.n.n
LR

on
g
G0
-
80

-~

T 60

=]

2 50 ] )

H —a—Yremoval of

=R Cr by NC1
30 —a—%removal of
20 £d by NC1
10

0 1 2 3

time of adsorption

Effect of time of adsorption

Effect of time of exposure was studied at constant
concentration of metal ion solutions, Optimum pH, and 0.1g
of adsorbent (Figure 7). At optimum pH, 0.1g of NC1 and
NC2 was exposed to 50 mL of 200 ppm samples and
adsorption of metal ions analyzed after 0.5 hrs, 1 hour, 1.5
hours, 2 hours and 2.5 hours.
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Figure 7; Percent removal of Cr and Cd ions at varying time for both NC1 and NC2.

Percent removal of Cr and Cd ions was observed to increase
sharply from 0.5hours of adsorption to 1.5hours from which
equilibrium adsorption was achieved for the Graphene oxide
while for the sodium graphene oxide, equilibrium adsorption
was attained after lhour adsorption. It can be seen that
adsorption equilibrium was not achieved earlier for the
graphene oxide. This can be explained by the fact that
graphene oxide being acidic, the hydrogen ions released
from —COOH, -OH on the surface of NC1 to the solution

during the process of Cr Il and Cd Il ions adsorption and
the acidity of the adsorbent resulted to decreased sample pH.
The resulting effect was change of the sample pH which in
effect reduced the adsorption rate. Sodium graphene oxide
being neutral has no great influence on the alteration of
sample pH hence equilibrium is achieved faster. The
optimum time of adsorption is thus 150 minutes for the
graphene oxide and 120 minutes for the sodium graphene
oxide.
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Adsorption isotherms

The relationship between metal ions and adsorbents is
essential to reach an effective adsorption. In order to
demonstrate the effect of the Cr and Cd ion concentration on
adsorption, experiments were carried out at different initial
concentration. It is observed that the adsorption capacity
increases with an increase in initial concentration. The
relationship between adsorbed metal ions and its
concentration in solution under equilibrium is described
Langmuir (Figure 8) and Freundlich (Figure 9) models. The
experimental data could be fit in Langmuir and Freundlich
isotherm models as described below:
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The linear Langmuir model is:
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bQmax Ce

qe - Qmax

Where Qmax( in mg/g) represents the maximum amount of
metal ions adsorbed per unit weight of adsorbent to form a
complete monolayer on the surface, b is the equilibrium
adsorption constant, ge is the amount of metal ions adsorbed
by adsorbent at equilibrium, and ce is the equilibrium
concentration of metal ions.

Figure 8; Langmuir isotherm for Cr removal using NC1 (a) and NC2 (b)

The freundlich model is given by

Where 1/n represents Freundlich intensity parameter and k indicates the adsorption capacity of adsorbent.
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Figure 9; Freundlich isotherm for Cr removal using NC1 (a) and NC2 (b)
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CONCLUSION

From the experimental data, it has been observed that both
graphene oxide and sodium graphene oxide are good
adsorbents for toxic heavy metal ions. It can also be
concluded that the adsorption is depended on pH,
concentration, mass of the adsorbent and the time of

adsorption. The data collected observed the Langmuir and
Freundlich linear equations. Chromium ions were adsorbed
more than Cadmium ions due to its trivalent chemistry. The
effect of the sodium hydroxide on the surface of the
graphene oxide was only changing the surface charge rather
did not affect the surface morphology in any way. The
chemistry of adsorption was governed by the ion exchange
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mechanism between the functional groups on the graphite
skeleton and the ions in the solutions. This resulted to the
increase of the potential of hydrogen ions in the solution.

Acknowledgement

The authors would like to sincerely thank Maasai Mara
University, Department of Physical Sciences for providing
the chemicals to actualize these findings.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Batley GE, Farrar YJ, (1978) Irradiation techniques
for the release of bound heavy metals in natural
waters and blood. Anal Chim Acta 99:283-292.
Bhaumik M, Leswifi T.Y, Maity A, Srinivasu V.V,
OnyaNC2 M.S (2011) Removal of fluoride from
aqueous solution by polypyrrole/Fe;O, magnetide
nanocomposite, J. Hazard, Mater. 186:150-159.
Bodalo-Santoya A, NC1lmez-Carrasco JL,NC1
mez-NClmez E, Maximo-Martin F, HidalNC1-
Montesinos AM (2003). Application of reverse
osmosis to reduce pollutants present in industrial
wastewater. Desalination155:101-108.

Fu F, Wang Q. (2011). Removal of heavy metals
ions from waste waters: a review J Environ
Manage 92:407-418

Ghanemi K, Nikpour Y, Omdivar O, Maryamabadi
A (2011) Sulfur nanoparticle based method for
separation and preconcentrationof some heavy
metals in marine samples prior to flame atomic
absorption spectrometry determination, Talanta 85:
763-769.

Kobya M, Demirbask, senturk E, Ince M (2005)
Adsorption of heavy metal ions from aqueous
solutions by activated carbon prepared from apricot
stone. Bioresour Technol 96:1518-1521.

LiY. GaoB.,WuT.,, SunD., Li X., Wang B., Lu
F (2003) Hexavalent chromium removal from
aqueous solution by calcined Mg-AI-CO;
hydrotalcite, Water Res. 37:3067-3075.
Oubagaranadin  JUK, Murthy ZVP, (2009)
Adsorption of divalent lead on a montmorillonite-
illite type of clay. Ind Eng Chem Res 48:10627-
10636.

Setshedi K.Z, Bhaumik M, Songwane S, OnyaNC2
M.S, Maity A. (2013) Exfoliated polypyrrole-
organically  modified montmorillonite  clay
nanocomposite as a potential adsorbent for Cr(\V1)
removal, chemical Engineering journal 222:186-
197.

[10]Shen Y.F., Tang J., Nie Z.H, Wang Y.D., Ren Y.,

Zuo L (2009)Tailoring size and structural distortion
of Fe;O, nanoparticles for the purification of
contaminated water, Bioresour. Technol. 100:4139-
4146.

[11] Srisvastava V, Weng CH, Singh VK, Sharma YC
(2011) Adsorption of nickel ions from aqueous
solutions by nano alumina: Kkinetic, mass transfer,
and equilibrium studies. J Chem Eng Data
56:1414-1422.

[12]Sun S, Wang L, Wang A, (2006) Adsorption
properties of crosslinked carboxymethyl-chitosan
resin with Pb(Il) as template ions. J Hazard Mater
168: 970-977.

[13]Walsh FC, Reade GW (1994). Electrochemical
techniques for the treatment of dilute metal ion
solutions. Studies in environmental science 59: 3-
44

[14]Wang X, Zheng Y, Wang A (2009) Fast removal
of copper ions from aqueous solution by chitosan —
g-poly(acrylic acid)/attapulgite composites. J
Hazard mater 168: 970-977.

[15]Wang LK, Vaccari DA, Li Y, Shammas
NK.(2005). Chemical precipitation
physicochemical Treatment processes. In Wang
LK, Hung YT, Shammas NK, Eds. Humana Press
3141-197

[16]1Xing Y, Chen X, Wang D (2007) electrically
regenerated ion exchange for removal and recovery
of Cr (VI) from wastewater. Environ Sci Technol
41: 1439-1443.7. Ersahin ME, Ozgun H, Dereli
RK, Ozturk K, et al.(2012) A review on dynamic
membrane filtration: Materials,applications and
future perspectives. Bioresour Technol(in press).

[17] Zamboulis D, Peleka EN, Lazaridis NK, Matis KA
(2011) Metal ion separation and recovery from
environmental sourses using various flotation and
sorption techniques. J Chem Technol Biotechnol
86:335-344.

[18] Zhang p, Hahn HH, Hoffman E (2003) Different
behavior of iron (I11) and aluminium(lll) salts to
coagulate silica particle suspension. Acta hydroch
hydrob 31: 145-151.

H Corresponding Author - W. Nyaigoti Omwoyo, - Department of Chemistry, Maasai Mara University, Narok, Kenya

Page 66 H



