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sodic form of HEC. The maximum Co(ll) removal from the ground water by HEC-Adip-Na
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was appeared at pH 6, sorbent dose 50 mg, metal ions concentration 80 mg/L, contact
time 30 min, and temperature 298 K.

INTRODUCTION

The excessive rate of urbanization, industrialization, and human activities generate a high
population of the pollutants such as heavy metals to the water bodies [1]. The lethal
effects of heavy metals are experienced in all the living organisms even at their minute
concentrations [2]. Some of natural and anthropogenic pathways of Co?* to the
environment include volcanic eruption, mining, burning of fossil fuels, refining of crude
petroleum, manufacturing of batteries, paint, pigment and dye manufacturing industries,
and printing and photographic industries. However, consumption of Co?* containing
foods would increase Co?* concentration on the living tissues beyond their acceptable
threshold that would cause disorders in body organs [3]. Co?*

toxicity to humans has some of the most attractive and negative health effects, which
include pulmonary edema, renal dysfunction, kidney malfunction, bone demineralization,
lung insufficiency, renal disturbance, hypertension and cancer [4]. Therefore, there is an
urgent need to eliminate Co?* in wastewater in order to ensure its suitability to human
consumption.

Some of the traditional, physical, and chemical procedures such as coagulation,
membrane filtration, chemical and electrochemical precipitation, solvent extraction,
reverse osmosis and nanofiltration, adsorption and ion exchange have been employed in
the past to treat the contaminated waters [5]. Of these approaches, physical methods and
a significant number of chemical methods are not effective and selective. Its elimination
of heavy metal ions, followed by an ion-exchange is increasingly gaining scientific interest

today since it is a highly efficient and selective process [6-15]. The ease of biomaterials,
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their wealth, and their environmental friendliness were the eye catching components to
the researchers in removing Co?* in aqueous environment. However, such bio-sorbents
possess low sorption and is not selective. These biomaterials can be chemically modified
to enhance their functionality and selectivity towards removal of Co?* in polluted water
because of the introduction of functionalities. In the past 20 years, numerous modification
techniques have been implemented with regard to the production of low-cost and more
effective sorbents. One of the typical modification strategies is the use of succinic
anhydride as the esterifying agent to do the esterification. The uptakes of metal ions with
these esterified polysaccharides have been given more attention due to the fact that
sodium salts are non-toxic and environmentally friendly. In addition to this, these sodic
types possess clear functional groups and natural cross-linking in their backbone
polymers renders them insoluble in water hence simplifies their applications in wastewater
treatment processes. Out of the naturally available polysaccharides, polysaccharides
derived using mucilage of the plant seeds i.e. mucilage of plant seeds were observed to
be highly effective and of great choice in Co?* uptake following their esterification [16-
26].

In this case, the HEC has been changed into HEC-adipate (HEC-Adip) and then to sodium
salt of HEC-Adip-Na. Co®* uptake using this HEC-Adip-Na has since been applied in
distilled water (DW). The effect of different operating conditions on sorption including the
dosage of sorbents, pH, starting concentration of metal ions and temperature has been

assessed.
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2. Materials and methods

2.1. Materials

HEC (Natrosol, HE10K, Belgium) was acquired from local market. Analytical grade reagents
and chemicals were used. Adipic anhydride was supplied by Alfa Aesar, Kandel Germany.
Sigma-Aldrich, USA provided N,N-Dimethylacetamide (DMAC), 4-dimethylaminopyridine
(DMAP), CoCl2.2H20, NaHCOs, HCI, NaOH, NaCl, ethanol, methanol, and n-hexane. The
groundwater of high-hardness (HGW) at the various locations of the district of Sargodha
were taken in Pakistan. Glassware that was employed in the study was washed and rinsed
with acid (HNO3) and dried in vacuum oven.

2.2. Synthesis of adsorbent

HEC-Adip-Na was prepared by the reaction of HEC with adipic anhydride as an ester
through a method which had been reported [8] with minor modification.

2.3. Batch sorption experimentation

Experiments of sorption were conducted to determine the influence of different
operational parameters. The sorbent dosage (10-100 mg) effect, pH (1-7) effect, Co?*
initial concentration (20-160 mg/L) effect, contact (10-90 min) effect and temperature
(298-338K) effect on the sorption capacity of the sorbent were studied in order to
optimize the best conditions under which the sorbent could extract the most Co2* DW.
The volume of a sample used in all these experiments was 100 mL. To this end, CoCl2.2H.0
was dissolved in DW to get the stock solution (1000 mg/L, 1000 mL). DW was used to
dilute this stock solution to desired concentration to carry out batch sorption experiments.
The pH of the solutions was adjusted using the 0.1 M NaOH and 0.1 M. The solutions of
Co?* ions (100 mL) were pipetted into Erlenmeyer flasks (250 mL) and they were spotted

with an adequate amount of sorbent. Glass stoppers were used to close flasks and
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solutions shaken with shaking thermostat machine an appropriate time at 150 rpm.
Following filtration, FAAS was used to identify the concentration of Co?* in the
supernatant layer through the application of equations (1) and (2) so as to establish the
quantity of Co®* that was removed by the sorbent (ge in mg/g).

__Ci_ce

e XV (1)

i—Ce

Percentage metal uptake = CT x 100 (2)

The results were presented by all the experiments in triplicates and mean values.

3. Results and discussion

3.1. Effect of pH

The ion exchange affinity of any sorbent is conditional on the level of ionization and
surface charge of the sorbent that in turn depends on the level of pH of metal ion-solution.
Fig. 1 indicates how the pH influences the sorption capacity of the sorbent. It was noted
that under acidic pH condition, Co®* was sorbed by HEC-Adip-Na in small quantity since
it was protonated resulting in the surface of the sorbent being positively charged which
does not favor the sorption of Co?*. When the pH is higher than pHzec (4.6), the sorbent
surface becomes negatively charged and hence positively charged Co?* is absorbed. Peak
sorption was observed at pH 6. Moreover, the pH of Co?* solution was raised beyond 6
after which Co?* was precipitated and partially hydrolyzed to Co(OH)2. Consequently, the
amount of Co?* ions in the solution was reduced and the sorption performance was
inhibited [27,28]. As such, pH = 6 was regarded to be an optimum pH in which to perform

all other sorption experiments.
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Fig. 1 Effect of pH

3.2. Effect of sorbent dosage

The impact of sorbent dosage on sorption capacity of the sorbent was performed to

measure the minimum quantity of sorbent (HEC-Adip-Na) that can take out the maximum

quantity of sorbate (Co®*) (Fig. 2). A sample volume of 100 mL was used. Sorbent capacity

was also noted to go up as sorbent dose was added with highest sorbent dose value of

30 mg. Thus, the number

of 30 mg was selected as a convenient dose of sorbent.

Sorption capacity reduces with increase in sorbent dose beyond 30 mg. This could be

explained by the fact that when the dose of sorbents increases, as many active sites as

possible are occupied and no additional ions can be sorbed [29] hence the sorption

capacity was reduced beyond the optimal point.
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Fig. 2 Effect of sorbent dose

3.3. Effect of initial metal ion concentration

The concentration of pre-sorption of the first metal ion on the sorption capacity of the
sorbent was assessed and the results were tabulated in Fig. 3. The outcome showed that
as the Langmuir isothermal model and pseudo-second-order kinetic model offered the
best fit to the experimental data to initial concentration of Co?*, sorption capacity also
rose up to a constant. The cause may be because as the concentration of

the metal ions was more high, the more and more ions were being exchanged with the
active sites of the sorbent. Once it was saturated, all the exchangeable ions of sorbent
(Na+) had been replaced by ions of sorbate (Co?*), and no additional metal ions could be

bound to any further active sites [30,31]. Therefore, the capacity to sorbent is almost
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constant. The 80 mg/L was discovered to be an optimum initial metal ion concentration

where HEC-Adip-Na offered optimum sorption capacity.

Sorption capacity, mg/g
R =S R
S G S G S

[\
(9]
1

()

Conc, ppm

Fig. 3 Effect of concentration

3.4. Effect of interaction time

0 20 40 60 80 100 120 140 160

Fig. 4 displays the impact of contact time on sorption capacity of sorbent (HEC-Adip-Na).

This effect was employed to make decisions regarding the sorption mechanism and to

construct kinetic models. It was determined that over 90 percent of Co?* ions were

eliminated from DW in the initial 30 min. It translates to, no less than 90 percent of the

Na* ions on the sorbent surface was replaced by the metal ions in solution during the 30

min interval. Any contact time over 30 min displayed no active sites available on the

surface of the sorbent to exchange with metal ions. [32,33] Therefore, no further

significant rise in the sorption capacity was detected after the optimum time, which was

30 min.
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Fig. 4 Effect of time

3.5. Effect of temperature

The impact of temperature on the sorption capacity of sorbent was carried out to project

the thermodynamic aspect of the sorption process. The findings indicated that as the

temperature rose between 298-338 K, the sorption capacity of SSAVH on the uptake of

Co?* reduced as

indicated in Fig. 5. It is attributed to the fact that at low temperature the interaction of

Co?* with the active site of sorbent was stronger since Co®* was not mobile and at high

temperatures, the interaction was weaker because of kinetic energy and ion transport

[34,35].
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4. Conclusion

The efficacy of sodium salt of HEC in the remove Co?* from DW has been tested and it
presented as a super absorbent as indicated by the high sorption capacity. The sorption
results indicated that the discussed sorbent seemed very effective and specific in the
process of Co?* absorption. lon-exchange mechanism was used in sorption process and
was successful in removing 90% of Co?* within first 30 min. It was found that the sorbent
could be re-generated at least five times with minimal reduction of sorption capacity that
renders it a possible candidate in the industrial process. In conclusion, HEC-Adip-Na is a
highly effective and recyclable supersorbent to Co?* uptake from DW to be more utilized

in uptake of other toxic metal ions to provide practical solutions to real world problems.
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