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Abstract

An adsorbent was prepared from Mangosteen shell using sulphuric acid and sodium bicarbonate as
modifiers. Bicarbonate treated mangosteen shell (BTMC) was characterized using FT- IR, SEM,
EDAX and XRD data. The Freundlich adsorption isotherm model gives a good fit. The maximum

adsorption capacities of BTMC were found to be 58.48 mg g-1 and 49.75 mg g-1 for Pb (Il) and. Hg
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(11). Adsorption of Pb (1) and Hg (Il) followed pseudo-second-order kinetics. The adsorption
mechanism was explained using the Weber and Morris's intra-particular diffusion process. Batch mode
studies with synthetic wastewater suggest that BTMC can be efficiently used in wastewater treatment.
1. Introduction

Heavy metals act as prime pollutants in the sea, ground, industrial and even treated wastewaters. Heavy
metal pollution in water is of serious concern as they bioaccumulate in the food chain and cause
unfavourable consequences to the environment. To a minor range, they pass into human bodies through
food, drinking water and air. Major sources of Lead are lead- acid batteries, paints, E-waste, Smelting
operations, coal- based thermal power plants, ceramics, bangle industry and Mercury are Chloro-alkali
plants, thermal power plants, fluorescent lamps and electrical appliances (Verma and Dwivedi, 2013).
Lead is one among the poisonous heavy metal which is hazardous to human health even at low
concentration (Bahrami et al, .2014). It affects the nervous system causing blood and brain disorders
(Ebrahimzadeh et al., 2015).

Mercury is also priority pollutants which can easily diffuse through the blood-brain barrier and affect
the fetal brain. High concentration of Hg (Il) causes impairment of pulmonary function and kidney,

chest pain and dyspnea (Zabihi et al., 2009).

Low cost adsorbents derived from agricultural by-products and industrial solid wastes could be used to
remove recalcitrant wastes from synthetic wastewater (Lakherwal, 2014). At recent times great
significance is emphasized on the manufacture and understanding of the sorption properties of
alternative low-cost materials (Akunwa et al., 2014). The adsorption capacities of such adsorbents are
not great as expected and the search for new adsorbents is still under progress (Senthil Kumar et
al.,2013).Agricultural waste peel like wheat barn (Ozer, 2007) Lansium domesticum peel (Lam et al.,
2016) Palm shell (Ismail et al., 2013) chestnut shell (Yao et al., 2010) Pistachio shell carbon (Shaziya

et al., 2016) grapefruit peel (Mostaedi et al .,2013) are used in the removal of heavy metals from water.



Mangosteen (Garcinia Mangostana Linn.) belongs to the Hypericaceae family which is available in
plenty in Asian countries. The pericarp (outer shell or rind) is hard and when 10 kg of mangosteen
harvested, an average of 6 kg of mangosteen peel is generated (Chen et al., 2011).The phenolic acid
present in the pericarp of mangosteen shell has good ability to bind heavy metals from the aqueous
solution (Zadernowski et al., 2009). In the present study, mangosteen shell was modified using
sulphuric acid and sodium bicarbonate solution and its removal efficiency were examined using an

aqueous solution of lead and mercury.
2. Materials and methods

2.1. Preparation of adsorbent

Mangosteen shell was washed with distilled water, dried to 110 °C powdered and sieved using
20-50 ASTM mesh. It was treated with a con H2SO4 (1:1) weight ratio and kept in a hot air oven at
150 + 5 0C for 24 h. The carbonized material obtained was washed with distilled water to remove the
free acid and soaked in 1% sodium bicarbonate until the effervescence ceases and further soaked in the
same solution for 24 h to remove the residual acid. The adsorbent obtained was again washed with
distilled water, dried and sieved to 20-50 ASTM mesh size and labeled as Bicarbonate Treated
Mangosteen Shell carbon (BTMC).
2.2. Batch adsorption experiments
Adsorption studies were carried out by varying contact time (30-210 min), solution pH (1-10) and
adsorbent dosage (40- 280 mg). For each study a required quantity of adsorbent dose was added to
100 mL of 10 mg L of metal ion solutions taken in a polythene container agitated in a mechanical
shaker. The carbon was separated by filtration and the filtrate was analyzed for Pb (I1) and Hg (Il) by
spectrophotometer using PAR [4-(2-pyrodylazo) resorcinol] reagent for Pb (I1) content. (Pollard,.
1957) Rhodamine 6G reagent (Mc Kay et al,. 1982) for Hg (I1) using standard experimental procedure.

3. Results and Discussion



3.1 FT-IR, SEM, EDAX and XRD Analysis

Fourier transform infrared spectroscopy (FT-IR) studies were used to identify the functional groups
present on the surface of the adsorbent. The FT-IR spectrum of BTMC Figure 1(a) shows the presence
of polyfunctional groups. The strong absorption peak at 3425 cm?, is due to the -OH stretching
vibration due to inter and intramolecular hydrogen bonding of alcohols, phenols, and carboxylic acids.
The peaks at 2981 cm™, 2372 cm,* and 1222 cm™ are due to the C-H stretching, =~ C= C stretching
and -CO stretching vibration of ether. The presence of a sulphonic acid group is confirmed by the peak
at 1446 cm™. From the IR spectrum of Pb (I1) and Hg (1) adsorbed carbon , Figure 1(b. ¢ ) it is evident
that some of the peaks shift or become weak indicating the incorporation of heavy metal ion Pb (1)
and Hg (I1) within the adsorbent through the interaction of the active functional group after adsorption.
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Figure 1 (a, b, ¢). FTIR spectra of BTMC , Pb(Il) and Hg (I1) adsorbed spectra
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The surface morphology of adsorbent was found based on a scanning electron microscope. The
modification in the surface morphology due to metal adsorption can be easily identified by comparing
SEM micrographs of adsorbent and metal bonded adsorbent. This microscope image in Figure (2 a)
shows the presence of isolated pores of varying dimensions before and after adsorption. The cave- like
opening before adsorption of heavy metal is clearly seen in BTMC (Figure 2a) and filled with Pb(II)

and Hg (I1) ion after adsorption.(Figure (2 b, ¢))
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Figure 2 (a,b,c). SEM of BTMC, after adsorption of Pb(ll), after adsorption of Hg(ll)

Energy- dispersive X-ray analysis helps to confirm the elements present in the adsorbent before and
after adsorption of the metal ions. Energy -dispersive X-ray analysis (EDAX) spectrum of BTMC
(Figure 3a) represented peaks of C, O and Na, In the spectrum of metal- laden BTMC it was observed
that signals of Na were replaced by signal of Pb, Hg which suggested that ion- exchange mechanism

was involved in adsorption of lead and mercury on BTMC ( Figure 3b,3c).
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Figure 3 (a,b,c). EDX of BTMC, after adsorption of Pb(ll), after adsorption of Hg(Il)
The X- ray Diffraction (XRD) pattern of BTMC (Figure 4a) shows amorphous nature due to the
presence of cellulosic material (. Shifting of peak was noted in Pb (I1), Hg (11) adsorbed BTMC due to

the binding of lead and mercury on BTMC(Figure 4b, 4c).
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Figure 4 (a,b,c). XRD of BTMC, after adsorption of Pb (1), after adsorption of Hg (1)

3.2 Effect of contact time

Contact time is an important parameter to know about the adsorption process. Figure 5 shows the effect
of contact time on the adsorption of Pb (1) and Hg (I1) on BTMC. The contact time for the removal of
Pb (I1) was 30 min and Hg(ll) was 120 min using BTMC. Initially ,the adsorption is faster as all
adsorption sites are vacant. When the contact time increases the sites are occupied by the adsorbent
resulting in a decrease in the adsorption rate. When equilibrium is reached, the adsorption slows down
and the concentration of metal ion remaining in the solution is used to determine the adsorbent capacity
(Banerjee et al,. 2012).
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Figure 5. Effect of contact time on the removal of Pb(Il) and Hg(ll) by BTMC



3.3 Effect of pH

The pH of a solution is an important parameter that affects the biosorption process as the protons may
alter the surface charge of bio sorbent, and the degree of ionization and speciation of metal ion (Sudha
et al., 2015).Figure 6
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Figure 6. Effect of pH on the removal of Pb(ll),Hg(Il)and Ni (11) by BTMC

3.4 Effect of carbon dosage

Tha adsorbent dose is an important parameter in the biosorption of metal ions from aqueous solution
owing to its effect on the number of metal ions removed per unit mass of the adsorbent (Miretzky et al.,
2008).

It was observed from the Figure 7 that an increase in carbon dosage increases the percentage removal
of Pb (11) and Hg (11) from aqueous solution as the number of available sites is more. But after attaining
equilibrium i.e. 40 mg and 120 mg for Pb (I1) and Hg (1) further increase in mass did not show any
increase in adsorption. At this position, almost all the metal ions might have been removed so that a
further increase in the carbon dosage will not bring about appreciable change in adsorption (Oyedeji et

al,. 2010).
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Figure 7. Effect of carbon dosage on the removal of Pb (1) and Hg (I1) by BTMC

3.5. Isotherms study

Adsorption isotherms are essential in the design of batch adsorption systems (Ferreira et al., 2015; Foo
and Hameed, 2010). Langmuir, Freundlich, and Temkin isotherm were used to study the adsorption
process and constant parameters were calculated.

The Freundlich, equation is given by
log = = logK +~(logC e) )
&~ = 108 L, U0g
where Ce is the equilibrium concentration (mg L™) and x/m is the amount adsorbed per unit weight of
adsorbent (mg g™) and Freundlich constants K, n can be obtained from the graph between log(x/m)

versus log Ce

The empirical equation for Langmuir is given by

o Ipa= 2
qe_ Qo Qo )

Where Ce is the equilibrium concentration (mg g?), ge is the amount adsorbed at equilibrium (mg g?)
and Qo and b are Langmuir constants related to adsorption capacity and energy of adsorption
respectively.

Temkin equation is given by



qe = A+ B InC, (3)

where e is the amount of solute adsorbed by the equilibrium concentration of a metal ion in mg g*
.Ce is the equilibrium of the solute in mg g*. A is the Temkin constant related to adsorption capacity in
mg g*and B is the Temkin constant related to the intensity of adsorption in L mg™.

Langmuir, Freundlich and Temkin plots were shown in Figure 8(a,b.c).
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Figure 8(a,b,c). Freundlich, Langmuir, Temkin adsorption isotherm for Pb(Il) & Hg(Il)

As indicated from Table 1 the coefficients of determination (R?) of models were more or less greater
than 0.9 indicating that these models were adequately describing the experimental data of metal
biosorption experiments. Similar results were obtained (Hussein,. et al 2004), on their studies of heavy
metals bio sorption from wastewater using Pseudomonas sp and (Mohamed,. et al 2012) on orange

peel.
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The Rc values indicates whether the type of isotherm is linear (RL = 1), favourable (0 < Rp < 1),
unfavourable (RL > 1). (Gupta and Gogate, 2015)
In the present study, the R values were found to be < 1, indicating the favorable biosorption of Lead

and mercury on BTMC .Similar observation was noted for adsorption of lead on Cucumber peel (

Basu,. et al 2017).

Table 1. Isotherm parameters for the removal of Pb (I1) and Hg (11) from aqueous solution

Isotherm model Parameter Pb Hg
Freundlich K(mg g?) 200.49 127.19
n (L1mg) 1.68 1.98
R? 0.919 0.991
Langmuir Qo(mg g 58.48 49.75
b (Lmg) 1.02 0.3284
R? 0.969 0.994
RL 0.215-0.838 0.06-0.23
Temkin A 12.04 10.54
B 37.06 13.35
R? 0.9720 0.9860

The Qo value of Pb (I1) and Hg (I1) were found to be 58.48 and 49.75 which is acceptable compared
with the values observed in the literature (Rao,. et al 2008, )

3.6 Adsorption kinetics

To investigate the adsorption of heavy metal on the surface of BTMC, different kinetic models are used
to examine the controlling mechanism of the adsorption process. In the present study, the pseudo-first-
order kinetic model and pseudo-second-order kinetic model were studied to find the best- fitted model

for the experimental data.

The pseudo -first-order rate kinetic equation of Lagergren is expressed as: (Ahmad,. et al 2012).

t
1 —qt) =1 — k1 —
og(ge—qt) = logg e 2303 @
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where ge (Mg g™ and q: (mg g*) are the amounts of adsorption at equilibrium and at time t (min)
respectively. ki (g mg "t min) is the rate constant of the pseudo-first order reaction.
The values of ki and ge were evaluated from the linear plots of log (ge—qt) versus t for different
concentrations of metal ions. The comparison of the experimental results and calculated values of the
contact time for different concentrations of metal ions is shown in Figure 9(a,b). The calculated e
values disagree with the experimental ge values. Similar observations were noted by (Senthil Kumar., et

al 2011).
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Figure 9(a, b). Pseudo First order kinetics of Pb (I1) and Hg (I1) on BTMC
The pseudo-second - order equation based on equilibrium adsorption is expressed as:

L 1 5 4 L
— = —aq. il
qt K, 4e (5)

where g is the amount of metal ion adsorbed in equilibrium in mg g, gt is the amount of metal ion
adsorbed at time t, ko (g mg * min?) is the rate constant for the adsorption process (Sharma and
Bhattacharyya, 2004). The k», ge and regression coefficient value (R?) under different concentrations

were calculated from the linear plot of t/g: vs t as shown in Figurel0(a, b).
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The pseudo-second- order model (R2 > 0.99) represents the sorption kinetics better, indicating that the
sorption process is controlled by chemisorption process. Similar observation was noted by (Liu et al.,

2015).

The calculated ge values for pseudo second-order equation are in good agreement with the experimental
values .Therefore the sorption reaction belongs to the pseudo- second-order kinetic model and that the
overall rate of the metal adsorption process appears to be controlled by the chemical process via ion

exchange and/or complexation process (Jin,. et al 2012, Coelho,. et al 2014).
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Figure 10(a, b) Pseudo Second order kinetics of Pb (1) and Hg (I1) on BTMC
(Cruz,. et al 2004 ) who compared a pseudo-first-order Lagergren model and a second-order model,
similarly found that the second- order model was superior for the binding of divalent cations by the

brown alga Sargassum. They concluded that the biosorption reaction was the rate-limiting step.

3.7 Adsorption Mechanism

The steps involved in adsorption process are explained by the following steps (Ayranci and .Duman,

2005)
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The movement of adsorbate molecules from the bulk to external surface of the adsorbent (Film
diffusion).
The adsorbate move to the interior surface of the adsorbent particle (Intraparticle diffusion).
Adsorption of the solute on the interior surface of the pores and capillary spaces of the adsorbent
(Adsorption).
3.8 Weber- Morris intra- particle diffusion model

The kinetic data fit well to chemisorption model, to verify the influence of mass transfer resistance
on the binding of Pb (11) and Hg (I1) to the adsorbent and to confirm diffusion mechanism Weber and

Morris intra- particle diffusion model was given by

— 1/2
q, = Kt (6)

Where g is the amount adsorbed per unit mass of adsorbent (mg g*) at time t (min) and Kig is the
intra- particle diffusion rate constant (mg g* min"*2). If the intra- particle diffusion is involved in the
adsorption process, then a plot of the amount of metal ion adsorbed per unit mass of adsorbent (qr)
against square root of time (t¥?) will give a straight line and the particle diffusion would be the
controlling step if this line pass through the origin (Figure 11 a, b). However, in both Pb (Il) and Hg
(1) the plots were not linear and do not pass through the origin. The plot shows that intra particle-
diffusion was not the only rate limiting step but also rate controlling step for adsorption or both process

may operate simultaneously
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Table 2. Pseudo- first -order and pseudo -second -order and Intra Particular diffusion coefficient for
Pb(I1), Hg(I1) on BTMC at different initial concentration.

Pseudo First Order Pseudo Second Order
Qe (e(cal)
Con K1 1 K2 .
Metal | (mit | ©® | %@ 1 gmgt | Po% | R? (mg (gmg® |P% |R? Kia
) §mg g | (MG'9) | in7 9) min-)
10 9.96 1.78 0.018 82.13 | 0.842 | 10.10 0.617 | 1.42 1 0.071
Pb 7 6.98 1.46 0.023 79.08 | 0.994 7.11 0.140 | 1.82 1 0.092
5 4.98 2.14 0.025 57.03 | 0.928 5.03 0.215 | 0.96 1 0.033
3 2.99 1.29 0.112 56.86 | 0.988 2.99 0.459 | 0.07 1 0.002
10 9.35 2.13 0.0087 | 77.21 | 0.875 9.61 0.018 | 2.67 | 1.000 0.119
Hg 7 6.50 1.45 0.0057 | 77.69 | 0.942 6.62 0.007 | 1.85 | 0.999 0.105
5 4.75 1.14 0.0037 76 0.999 4.93 0.020 | 3.62 | 0.998 0.086
3 2.80 2.00 0.0076 | 28.57 | 0.961 2.87 0.067 | 2.28 | 1.000 0.023
11a 11b
: 12 M
W 8 ,;‘:’:pmm
qg\ : o = 7ppm g Z r,.,r—r""'- Xz:::
£ 5 ppm =z a
= * SIS IEIEN > 3 ppm : RN

t1/2(min/2) t2(mint/2)

Figure 11 (a, b) Intra- particular diffusion plot for the adsorption of Pb (I1) Hg (1I) ion on BTMC

3.9 Boyd’s kinetic model

The Boyd kinetic plot helps to determine the rate determining step involved in adsorption process. The
Boyd’s kinetic equation (Boyd et al 1947) is given by

F=1-6/n2 exp(Br) ()

Where F = ge/q: F represents the amount of heavy metal adsorbed at time t. B; is the mathematical
function of F.Eq (7) can be rearranged to

Bt = -0.4977 — In(1-F) (8)
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The plot of Bt versus t can be used to test the linearity of experimental values. If the plots are linear and
pass through the origin the slowest step in the adsorption process is internal diffusion. From Fig 12 a,b
it was noted that the plots are linear but do not pass through the origin inferring that the adsorption

process is controlled by film diffusion.
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Figure 12 (a, b) Boyd’s kinetic plot for the adsorption of Pb (1) Hg (1) ion on BTMC

3.9 Removal of Pb (I1) and Hg (I1) from synthetic wastewater

The applicability of sorbent was tested by performing batch mode studies. The effect of adsorbent
dosage on the removal of Pb (I1) and Hg (11) from synthetic wastewater was analysed. Figure 13 shows
the effect of adsorbent dosage on the removal of Pb (1) and Hg (1) from wastewater. A minimum
dosage of 80 mg, 200 mg of BTMC is essential for the maximum removal of 95 % of Pb (I1) and 93%
of Hg (1) ion from synthetic wastewater.
Hence BTMC can be noted as an efficient adsorbent to remove nickel from wastewater due to its

moderate ion - exchange property.
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Figure 13. Removal of Pb (11) and Hg (11) ions from synthetic wastewater (Con: 10 mg L%, pH: 5 and
contact time: 3 h for BTMC).

4. Conclusion

An economically efficient adsorbent for Pb (11) and Hg (Il) removal was prepared from Mangosteen
shell using sulphuric acid and sodium bicarbonate as modifiers. The manufacturing process is simple
hence it can be used as an alternative for high- cost adsorbents. The mechanism of adsorption may be
ion exchange process. The adsorption capacity (Qo) of BTMC was found to be 58.98 mg g and 49.75
mg g for Pb (1) and Hg (1) respectively. The pseudo- second -order kinetics fits well showing that
BTMC may follow the chemisorption process. Boyd’s kinetic model predicts the actual rate -
determining step involved in the adsorption process.
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