DOI:10.7598/cst2017.1331 Chemical Science Transactions
ISSN:2278-3458 2017, 6(1), 97-106

RESEARCH ARTICLE

Equilibrium and Thermodynamic Studies of
Pb(II), Cu(Il) and Zn(II) Adsorption onto Dicliptera
bupleuroides Leaves

PRIYANKA TIWARI', MAHESH C VISHWAKARMA?Z,
S K JOSHI™®, RAJESH KUMAR and N S BHANDART

'Department of Chemistry, L.S.M.P.G. College, Pithoragarh, Uttrakhand, India
2Department of Chemistry, G.P.G. College, Gopeshwar, Chamoli, Uttarakhand, India
*Department of Chemistry, Kumaun University, Soban Singh Jeena Campus,
Almora-263601, Uttarakhand, India

dr.s.k joshi.alm@ gmail.com

Received 21 October 2016 / Accepted 7 November 2016

Abstract: Biosorption of Cu(Il), Zn(II) and Pb(II) ions onto Dicliptera bupleuroides leaves (DBL)
in a batch system with respect to adsorbent dose, contact time, temperature, pH and initial metal ion
concentration was investigated. Langmuir, Freundlich and Temkin isotherm model were applied to
describe the equilibrium data. Langmuir isotherm model provided a better fit to the experimental
data than the Freundlich and Temkin isotherm. The adsorption capacity is 2.55 mg/g, 1.06 mg/g, and
1.76 mg/g for Cu(Il), Zn(II) and Pb(II) respectively. The optimum adsorption conditions obtained
were at contact time 75 min, pH 5, initial metal ion concentration 10 mg/L, temperature 45 °C for
Cu(I) and 30 °C for Zn(II) and Pb(IT) and adsorbent dose 2.5 g. Thermodynamic parameters
indicated that the adsorption reactions were spontaneous (AG"<0), feasible and exothermic (AH’<0) .
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Introduction

Heavy metal contamination of aquatic media is a serious environmental problem, mainly
due to the discharge of industrial waste'. These non degradable metal ions are harmful to
living organism and plant species in high concentration. To protect the public health and
environment the removal of these metals from wastewater is important®. Copper, zinc and
lead have been introduced in the environment from a variety of sources like storage battery”,
paints and pigments®, electronics’ fertilisers®’ and electroplating®®. High concentration of
copper leads to severe gastrointestinal irritation and possible necrotic changes in the liver
and kidney in human'’. Over accumulation of Zn(I) metal in the human body causes
abdominal pain, lack of muscular coordination and acute renal failure though it is essential
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element too for several metabolic processes and the development of brain in human. High
exposure to Pb(Il) in human begins causes learning and behavioural difficulties in children
and disturbances to the immune system''. Chemical precipitation'’, membrane filtration'?,
ion exchange'* and carbon adsorption" are few of the methods indicated in literature for the
removal of heavy metals from water and wastewater. However, biosorption is economically
feasible method and remove trace amount of heavy metal from aqueous solution. In recent
years, many plant materials have appeared in the development of low cost adsorbent
prepared from cheaper and easily available materials. Some of the recent adsorbents used for
removal of copper, zinc and lead are Olive pomace'®, Phragmites australis shoot'’, Azolla
filiculoides'®, Orange peels'®, Carissa carandas and Syzygium aromaticum™. The objective
of the present work is to investigate the possibility of the use of activated Dicliptera
bupleuroides leaves(Figure 1) (DBL), as an alternative low-cost adsorbent for removal of
Cu(II), Zn(II) and Pb(II) ions from ynthetic waste water.
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Figure 1. Dicliptera bupleuroides leaves

Experimental

All the reagents used were of A. R. grade. Stock solutions of 1000 mg/L concentration of
lead nitrate Pb(NOs),, zinc sulphate ZnSO,.7H,0 and copper sulphate CuSO,.5H,O were
prepared. The working solutions were prepared by diluting the stock solutions using double
distilled water. The range in concentration of Pb(Il), Cu(Il), and Zn(Il) ions prepared from
stock solution varied between 10 to 50 mg/L. The pH of this solution was adjusted to 4.0 by
monitoring it with a Systronic 361 digital pH meter by desired addition of 0.1 N NaOH and
0.1 N HCI solutions.

Collection of DBL and adsorbent preparation

DBL were collected in the month of July from low altitude areas of Almora district
(Kumaon hills, Uttarakhand, India). The collected leaves were rinsed with double distilled
water to remove dust and soluble materials. The biomass was further dried at room
temperature and then kept in hot air oven (Popular Traders S.N.-1680) for 24 h at 70 °C; it
was grinded to a fine powder using grinder-mixer then this powdered mass was treated with
0.1 N HNOj; at room temperature for 24 h, filtered, washed with double distilled water and
dried in hot air oven at 70 °C for 2 days and sieved (240 bss) at 63 micron. The treated
biomass was kept in air tight bottle. The surface functional groups of the activated biomass
were identified by Fourier transform infrared spectroscopy.

Adsorption experiments

The batch sorption experiments were carried out with 250 mL conical flask using 100 mL of
working solution with a concentration of 10 mg/L. The experimental conditions applied to
examine the effect of adsorbent dose, contact time, pH, temperature and initial metal ion
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concentration in adsorption of metal ions on adsorbent. The DBL was separated from the
medium with the help of Whatman filter paper number 42. In the filtrate the concentration of
Cu(II), Zn(IT) and Pb(II) metal ions was measured by Atomic Adsorption Spectrophotometer
AAS (Optima 4300 DV ICP, Perkin-Elmer, Boston, MA). The percentage removal of metal
ions is calculated using the following formula:
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Where C; is the initial metal ion concentration (mg/L) and C, is the equilibrium metal
ion concentration (mg/L).

Results and Discussion
Characterisation of adsorbent

A peak at 3357 cm represent the stretching of amino (-NH), bonded hydroxyl (-OH) and
(-COOH) groups vibration. The band at 2923 cm™ and 2851 cm™ is assigned to aldehyde
C-H stretching vibration. The band at 1643 cm™ assigned to carboxyl group. The band
observed at 1036 cm™ represents C-O stretching of alcohol and carboxylic acids. The
intense band at 1108 cm™ show the presence of -C=S group. These data confirmed that the
present functional groups are responsible for metal binding.

Scanning electron microscopic analysis

The irregular, rough and porous structure of the DBL is shown in Figure 2, which is one of
the criteria of high adsorption capacity and favourable for adsorption process. Figure 3 is a
loaded SEM image of DBL. After adsorption it is clearly seen that the pores are filled with
metal solution (Figure 4).
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Figure 2. FTIR spectrum of DBL
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Figure 3. SEM image of DBL before Figure 4. SEM image of DBL after
adsorption adsorption
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Effect of contact time

Figure 5 shows that the percentage removal of Cu(Il), Zn(II) and Pb(II), ions increases with
increasing reaction time. The percentage of metal removal is rapid initially up to 60 min but
after 60 min does not show any remarkable change. This behaviour of removal efficiency

has been related to less availability of binding sites with increase in contact time”'**,
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Figure 5. Effect of contact time on Pb(II),
Cu(II) and Zn(IT) adsorption

(Experimental condition: Initial metal ion
concentration 10 mg/L adsorbent dose 1g/100 mL,
22°C pH 4, agitating speed 170 rpm)
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Figure 6. Effect of adsorbent dose on Pb(II),
Cu(II) and Zn(II) adsorption

(Experimental condition: Initial metal ion concentration 10
mg/L, contact time 30 min, temp 22 °C, pH 4, agitating
speed 170 rpm)

Effect of adsorbent dosage

At a given initial concentration of adsorbent determines the potential of biosorbent to remove
metal ions™. From the Figure 6 and 7 it is revealed that on increasing adsorbent dose from 0.5
g to 2.5 g, the removal efficiency increases and adsorption capacity decreases. This result can
be explained by the fact that, with increasing adsorbent dosage, more surface area is available
for biosorption due to increase in active sites on the adsorbent™.
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Figure 7. Effect of adsorbent dose on Pb(Il),
Cu(II) and Zn(II) adsorption capacity
(Experimental condition: Initial metal ion concentration
10 mg/L, contact time 30 min, temperature 22 °C, pH 4,
agitating speed 170 rpm)

Effect of pH

The experimental data show that the percentage removal of the copper(Il), zinc(Il) and lead(Il)
ions increases with pH from 1 to 5, after pH 5 the percentage removal decreases (Figure 8)

Figure 8. Effect of pH on Pb(II), Cu(Il) and
Zn(Il) adsorption

(Experimental condition: Initial metal ion concentration
10 mg/L, adsorbent dose 1 g/100 mL, contact time

30 min, temperature 22 °C, agitating speed 170 rpm)
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this is due to the protonation of the active sites on the adsorbent at low pH (pH < 5) and this
results in repulsion between metal ions and the adsorbent which decreases biosorption
efficiency”?’. With pH greater than 3 the adsorbent becomes less protonated and this
deprotonation creates more active sites. Removal efficiency decreases again when the pH
increases from 5 to 9 this may be attributed to the formation of metal hydroxide at very high
pH (pH > 5) the optimum pH value for all metal ions in this case is pH 5.

Effect of initial metal ions concentration

Experimental results show that the percentage removal of Cu(Il), Zn(II) and Pb(Il) ions
decreases with increasing in the metal ion concentrations (Figure 9). This can be associated
with the fact that the low initial metal ion concentration in the solution the ions would interact
with the binding sites of adsorbent and thus facilitate higher adsorption whereas at higher
concentrations, more ions are left unabsorbed in the solution due to the saturation of the
binding sites’. However, at the same dose of adsorbent, the metal ions per unit of adsorbent Q.
(Figure 10) have been increased with the increase of initial metal ion concentration.
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Figure 9. Effect of initial Pb(II), Cu(Il) and  Figure 10. Effect of initial Pb(IT), Cu(Il) and
Zn(II) ions concentration on adsorption Zn(II) ions concentration on adsorption capacity
(Experimental condition: Adsorbent dose 1 g/100 mL, (Experimental condition: Adsorbent dose 1 g/100 mL,
temperature 22 °C contact time 30 min, pH 4) temperature 22 °C, contact time 30 min, pH 4)

Adsorption isotherm

The equilibrium data of adsorption on the Dicliptera leaves were tested with Langmuir,
Freundlich and Temkin isotherm models.

Langmuir isotherm

The Langmuir isotherm model is based on the adsorption and involves the attachment of
only one layer of molecules to the surface, i.e. monolayer adsorption®*. The equation 2 is
the linear form of the Langmuir™ isotherm.

c c, 1 2

e _—

+
0. CQu K. Qu

Where C. is the equilibrium concentration of Pb(Il), Cu(Il) and Zn(II) in mg/L. Q. is the
amount of metal adsorbed per specific amount of adsorbent (mg/g), K. (L/mg) is the
Langmuir constant related to the energy of adsorption and Q,, is maximum adsorption

capacity (mg/g). Values of Langmuir parameters Q,,,x and K; were calculated from the slope
C

and intercept of linear plot of ¢ vs. C. shown in Figure 11. The evaluated constants are
given in Table 1.
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Figure 11. Langmuir Isotherm for Figure 12. Freundlich Isotherm for
biosorption of Pb(II), Cu(Il) and Zn(II) ions  biosorption of Pb(Il), Cu(Il) and Zn(II) ions
onto DBL onto DBL

The essential features of a Langmuir isotherm can be expressed in terms of a
dimensionless constant separation factor “R;” which is used to predict the adsorption system
is favourable or unfavourable and is given as:

1

T14K,*C, )

L

Where C, is the initial metal ion concentration in mg/L, K| is the Langmuir equilibrium

constant. The value of Ry indicated the type of Langmuir isotherm to be irreversible (Ry =0),

favourable (O<R;<1), linear (R; =1) or unfavourable (R;>1). The value of R; was found less

than one and greater than zero in all the cases. This confirms that the Langmuir isotherm
model is favourable for adsorption of Pb(Il), Cu(Il) and Zn(II) onto DBL

Freundlich isotherm
Freundlich isotherm is widely used to describe adsorption on a surface having
heterogeneous energy distribution. The linear form of isotherm can be represented as”".

1
LogQ, = LogK . +—* LogC, “)
n

Where Kr is a constant related to the adsorption capacity and n is related to the
adsorption intensity of the adsorbent. The Constant Ki and ! can be determined from the

n
linear plot of log Q. versus log C. (Figure 12). The evaluated constants are given in Table 1.

Temkin isotherm

The Temkin isotherm model suggests that the adsorption energy decreases linearly with the
surface coverage due to adsorbate-adsorbent interaction. The equation 5 is the linear form of
the Temkin® isotherm

Q,=BInA+BInC, (5)

Where C. concentration of the adsorbate at equilibrium mg/L, Q. is the amount of
metal adsorbed per specific amount of adsorbent (mg/g). B = RT/br where R is the ideal gas
constant (8.314 J mol'lK'l) and T is the temperature in Kelvin, by is the Temkin isotherm
constant. A is the equilibrium binding constant and B corresponds to the heat of sorption.
The value of A and B are given in Table 1.
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Figure 13. Temkin isotherm for biosorption of Pb(Il), Cu(II) and Zn(II) ions onto DBL
Table 1. Adsorption isotherm constants for adsorption of Pb(Il), Cu(Il) and Zn(II) onto DBL

Metals —> Cu(1l) Zn(1D) Pb(1I)
Langmuir parameters
Qunax, M/ 2.55 1.06 1.76
K., L/mg 0.08 1.15 0.14
R? 0.98 0.93 0.98
Freundlich parameters
Efr’lglg/ £ 0.62 0.704 0.633
N 1.98 3.66 232
R? 0.99 0.44 0.85
Temkin parameters
B, mg/g 0.57 0.22 0.42
A 0.77 5.62 1.13
R? 0.98 0.38 0.90

From Table 1 it is observed that the Langmuir isotherm is a good fit to the experimental
adsorption data than the Freundlich and Temkin isotherm for Cu(Il), Zn(II) and Pb(II)
sorption according to the values of R*. It is observed from Table 1 that the adsorption
capacity Qpuax is 2.55, 0.1.06 and 1.76. The Freundlich constant K indicates the sorption
capacity of the sorbent and the value of K is 0.62, 0.70 and 0.63 for Cu(Il), Zn(II) and
Pb(II). The Temkin isotherm also not followed because of very low regression coefficient.

Biosorption thermodynamics

Thermodynamic parameters such as enthalpy change AH®, free energy change AG® and
entropy change AS° used for thermodynamics behaviour of Cu(Il), Zn(IT) and Pb(II) onto
DBL. The free energy change of the sorption reaction is given by the following equation.

AG° =—-RTIn K, (6)
Where AG®is standard free energy change, R is the universal gas constant (8.314 j/mol k),

T is the temperature in Kelvin. K, = C. is the distribution coefficient™ where C. is the
C

e

equilibrium concentration in solution in mg/L and C,. is the equilibrium concentration on
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the sorbent in mg/L. Free energy change indicates the degree of spontaneity of the
adsorption process and the higher (-) ve value a more energetically favourable adsorption®*.
The value of enthalpy AH® and entropy AS° were calculated from the slope and intercept
of the plot nKp against 1/T as given in equation (7). The value of free energy AG®,
enthalpyAH’ and entropy AS° are listed in Table 2.
AS° AH %)
R RT
From Table 2 it is clear that the negative values of AG® indicated the spontaneous nature
of the adsorption process and indicated low feasibility of biosorption at very high temperature.
The negative values of AH® suggested the exothermic nature of the adsorption. The negative
ASe value indicates a decrease in the degree of freedom of the adsorbed species.

Table 2. Thermodynamic parameters for adsorption of Cu(Il), Pb(Il) and Zn(II) onto DBL

nkK, =

Heavy metals T,K AG°, kJ/mol AH®, kJ/mol  AS°, J/molK

288 -2.051

Cu(Il) 303 -3.188
318 3,599 -9.49 -22.77
333 -1.556
288 -2.418
303 -3.769

Zn(II) 318 5127 -16.25 -45.05
333 -1.180
288 -1.938
303 -2.687

Pb(II) 313 392 -6.06 -12.70
333 -1.774

Conclusion

This work attempts to explore the DBL biomass was used for the removal of copper, zinc
and lead ions from the synthetic waste water. The adsorption increases with increasing the
adsorbent dose and adsorption capacity decreases with increasing adsorbent dose.
Adsorption of Pb(II), Cu(Il) and Zn(II) ions on DBL decreases with increasing the metal ion
concentration and metal uptake capacity increases with increasing metal ion concentration.
The maximum removal was found at pH 5.0 for Cu(Il), Zn(II) and Pb(II). Langmuir,
Freundlich and Temkin adsorption models were used to represent the experimental data. A
high correlation was found for Langmuir isotherm model. Thermodynamic analysis suggests
that the removal of Pb(Il), Cu(Il) and Zn(II) from synthetic waste water onto DBL is a
spontaneous and exothermic in nature.
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