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ABSTRACT

The potential of chemically modified charcoal fines UCF (unmodified charcoal fine) and MCF (modified charcoal fines) as low cost adsorbents for
the removal of Pb?*, Cu?" and Zn** ions from aqueous solution was studied. MCF was prepared by chemical modification of UCF with HNO3 and
KOH followed by pyrolysis. The factors influenced the effectiveness of biosorption process were pH, contact time, initial metal concentration,
temperature and adsorbent dosage. FT—IR spectra confirmed the existence and interaction of the adsorbents with the effluent pollutants. MCF
exhibited optimum pH, temperature, contact time, initial metal ion concentration and biosorbent dosage values of 5, 35 °C, 90 minutes, 15 mg/L and
2 g, respectively. UCF exhibited optimum pH, temperature, contact time, initial metal ion concentration and biosorbent dosage values of 6, 35 °C, 100
minutes, 20 mg/L and 2.5 g, respectively. The adsorption isotherm modelling using both adsorbents showed that the equilibrium data conformed
more to Langmuir than the Freundlich model. Kinetic studies showed that the adsorption processes followed a pseudo-second order Kinetic model.
Thermodynamic studies confirmed the spontaneity and feasibility of the adsorption process. The results showed that both adsorbent have the potential
to be applied as alternative low cost biosorbent.

Keywords: Charcoal Finest; Optimum Conditions; Metal lon; Sorption; Modification; Characterization; Commercial Wastewater.

1. Introduction

Nowadays heavy metals are becoming the most significant water pollutants resulting in severe public health
challenges such as cancer, kidney failure, metabolic acidosis, oral ulcer and renal failure (Booker, 2000). The rinse
waters discharged after electroplating processes contains about 1000 ppm poisonous heavy metals which need to be
reduced to environmentally accepted levels before discharged to the environment (Konstantinos et al., 2011). The
demand for safe water is ever increasing as rapid industrialization and urbanization is significantly leading to
substantial pollution (Adelaja et al., 2011). Some heavy metals are essential in small quantities for the development

of biological cycles but they become poisonous at high concentration (Hani, 2009).

The continued accumulation of aquatic organisms from commercial wastewater poses an immediate threat to
ecosystems and human welfare. Wastes from thermal power generation, textile, chemical, mining, and
metallurgical activities remain major sources of waterborne pollution (U.S. Environmental Protection Agency,
2009; Pandey et al., 2011). These polluted water systems contain nonbiodegradable contaminants such as heavy
metal ions (arsenic, zinc, copper, lead) as well as organic and inorganic components that are lethal to hominids and

the environment (Kumar et al., 2009).

It has been discovered that the toxicity as a result of the metallic pollution into the environment far exceeds the total
toxicity of all radioactive and organic wastes (Badmus et al., 2007). Lead, copper and zinc are used in industries
such as mining, electroplating and chemical processing. The removal of heavy metals from effluent water is

necessary due to their non-biodegradability, poisonousness and bioaccumulation ability (Zhong et al., 2014).
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Serious toxicological effects on living organisms arise through the hindering of biological activities (De Souza et
al., 2012). As a result of different degree of hazardous effects related to heavy metals disposal, management of the
industrial effluent water is very crucial (Li et al., 2006).

General trends confirm that freshwater withdrawals exceed precipitation in many regions of the country, and water
scarcity is projected to occur in the coming decades (World Bank, 2012). Therefore, for sustainability reasons, there
is a need to develop innovative measures to control the volume of waste discharged into waterways (Gwenzi et al.,
2015; World Bank, 2012). Charcoal handling and transportation result in production of charcoal fines that would
otherwise be considered waste. There is need to identify ways of utilizing the charcoal fines to generate profit.
Utilization of charcoal fine, which is a low cost by product of charcoal production into a useful material such as
adsorbents can solve the problem of charcoal fines disposal. The adsorbent can be utilized in the removal of toxic

heavy metals from industrial effluents.

Activated charcoal is the name given to a group of charcoal characterized by a porous structure of carbonaceous
materials with a small number of heteroatoms bonded to carbon atoms, primarily oxygen, and an internal surface
area capable of adsorbing molecules in liquid or gas phase (Gorgulh et al., 2008). Commercially available charcoal
has variable surface chemistry (presence of various functional groups, mostly oxygenated) with high surface area,
high porosity, and high reactivity. Temperature changes and activation time affect the formation of chemical groups
on the charcoal surface. Surface area, pore volume, basicity and adsorption capacity increases as temperature and

activation time increases.

Charcoal can be modified through chemical or physical processes by increasing the surface area of charcoal via
reactions across the surface of the material (Mohan, 2006). Chemical modification involves impregnating the
material with an activating agent like phosphoric acid prior to carbonization. These agents provide crosslinking,
making the material less volatile when heated to high temperatures. Physical activation comprises of reacting the

carbonized charcoal with water or carbon dioxide steam.
2. Materials and Methods
2.1. Preparation of adsorbent

UCEF used in this research were obtained from Wattle Company kilns site located in Chipinge. The product was
crushed using pestle and mortar to produce fine powder. The sample was kept in a clean dry plastic bag. The CF was
treated with 98% HNO; for 24 hours at the ratio of 0.1 g/ml under continuous agitation (200 rpm) at 35 °C for 2

hours to increase the adsorptive behaviors (Park et al., 2009).

The reaction mixture was filtered, and the filtrate was washed repeatedly with deionized water followed by soaking
in 1% KOH solution for 24 hours. The soaked sample was then washed with distilled water for several times to
desorb the ions. The CF was then oven dried at 120 °C for 24 hours, cooled and kept in glass bottle until further use.
The resultant sample was packed in closed crucibles and placed in a muffle furnace at different temperatures ranges
(200-700 °C) for a maximum of 5 hours and the product (MCF) was allowed to cool to room temperature and kept

in plastic bottle until use.
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2.2. Preparation of metal ion solution

Separate 1000 ppm aqueous stock solutions of metal ion solutions were prepared from PbNO;, CuSO,.5H,0 and
ZnCl, salts in 1000 cm? volumetric flasks. Standard solutions (100 mL) of 100 ppm solutions were prepared from

these salts by serial dilution. All the essential chemicals used in the study were of analytical grade.
2.3. Adsorption studies

Various working parameters were selected to study adsorption characteristics of waste orange peel bio-char for
heavy metals removal from waste water. These factors included pH, contact time, initial concentration, temperature
and adsorbent dosage. Batch experiements were carried out in 250 mL separate conical flasks containing 100 mL of
Lead, zinc and copper solutions. The flasks containing 0.2 g of adsorbent were shaken at 35°C at 120 rpm on a
shaker for 120 minutes. The influence of pH on the removal of metal ions was studied in the pH range 2-8. pH
alterations were carried out using aqueous NaOH or HCI. The influence of other parameters on metal ion adsorption
were studied at different parameter ranges: temperature (20-60 °C), adsorbent dosage (0.2-3.5 g), contact time(0-120
min), and initial metal ion concentration (10-45 ppm). Afer each adsorption experiement, samples were centrifuged
at 250 rpm for 15 min so as to remove the solid phase from liquid phase. The supernant liquid was analysed on a
Flame atomic absorption spectrometer (FAAS), Shimadzu AA-680, Japan.

The percentage of removal metal ion was calculated using Equation 1:

_ (Cp—Ce)100

R = (ot ®

The efficiency of biosorption was calculated according to Equation 2:

(C _Ce)V
qe = 2 )

Where ¢, is the amount (mg/g) of metal ion adsorbed by biosorbent, Cy and C. are the concentration (mg/L) of metal
ion in the solution initially and after biosorption, respectively, V is the solution volume (L) and m is the mass (g) of

biosorbent.
2.4. Analysis

The functional groups accountable for metal ion adsorption were attained in the range 4000-480 cm™ with an
IR-Prestige-21 Shimadzu FTIR spectrophotometer, by KBr pellet method. The pH measurements were done using a

Crison 2001 micro pH-meter (Spain).
7% 3. Results and Discussions

3.1. Batch adsorption studies

3.1.1. Effect of pH

Figure 1 shows the effect of effluent pH on the biosorption process. Biosorption is greatly influenced by changes in

pH due to degree of ionization as well as speciation of adsorbent species which can cause an alteration in kinetic and
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equilibrium properties of the adsorbent (Musapatika et al., 2010). The pH profiles clearly indicate that biosorption
of metal ions increased with increasing pH until maximum percentage removal was attained at pH 5 and 6 using

UCF and MCF respectively as shown in Figure 1.

At very low pH values (below 2) protons and metal ions competed for the biosorption sites (Alinnor, 2007).
Decrease in metal ion uptake occurs due to electrostatic repulsive forces between positively charged H;O" and metal
ion. An increase in pH above 2 caused the adsorbent active sites to be more accessible due to increasing negative
charge density on the adsorbent surface and this caused increase in biosorption effectiveness (Zamil et al., 2009).
Elliot and Hung, (1981) proposed that minute amounts of M** and large quantities of M(OH)* and M(OH)* are
present in solution at optimum pH. These three species are adsorbed at the surface of the adsorbents through ion
exchange mechanism. There was a noticeable reduction in biosorption effectiveness with a similar trend for all
metal ions as pH further increased beyond optimum pH which probably was caused by saturation of adsorbent sites

as well as the complexation of the ions forming soluble species under alkaline conditions (Bhatt et al., 2012).
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Figure 1. Effect of pH of effluent water on removal of metal ion using (a) MCF, and (b) UCF
3.1.2. Effect of adsorbent dosage

The effect of varying the biosorbent dosages on metal removal are presented in Figure 2. At very low biosorbent
dosages, the metal ion uptake was low due to limited adsorbent sites available to adsorb metal ions from solution
(Oyedepo, 2012). The maximum percentage removal of metal ions from solution was attained at adsorbent dosage
of 2 g and 2.5 g using MCF and UCF respectively. The results clearly indicate that the biosorption efficiency
increases with increase in biosorbent dosage. This is attributed to an increase in number of active site responsible

for biosorption with increasing adsorbent dosage (Moyo et al., 2014).

Further increase in adsorbent dosage beyond optimum level resulted in declining in metal ion uptake due to
overlapping of biosorption sites leading to reduced surface area available for biosorption process (Tan et al., 2015).
It can be seen that MCF attained highest biosorption efficiency at lower dosage compared to UCF. This clearly

shows that the chemical modification process enhances properties such as surface area (Brown, 2009).
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Figure 2. Effect of adsorbent dosage on metal ion removal using
(a) MCF, and (b) UCF at predetermined pH

3.1.3. Effect of contact time

The effect of contact time on the percentage removal of metal ions using MCF and UCF is presented in Figure 3.
The trends show that the biosorption efficiency initially increased steadily followed by gradual increase leveling off
at 90 and 100 minutes using MCF and UCF respectively. The rapid removal of metal ions as contact time increase
was due to increase in the concentration gradient between the adsorbate in solution and adsorbate in adsorbent
(Gupta et al., 2013; Srivastava, et al., 2006). The increasing quantity of adsorbates on the biosorbent surface is
directly proportional to amount of contact time the liquid phase-solid phase system is permitted to interact with the
adsorbent (Chaukura et al., 2016). Once optimum contact time is attained no further increase in metal ion uptake is
observed due to saturation of active sites (Azouaou et al., 2010).
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Figure 3. Effect of contact time on effectiveness of biosorption using 2 g of adsorbent at

predetermined pH and adsorbent dosages
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The quantity of metal ions adsorbed on MCF and UCF as function of solution temperature is shown in Figure 4. The

percentage removal of metal ions from solution increased as the temperature increased from 20 to 35 °C signifying

an endothermic process. An increase in biosorption efficiency as the temperature increases is due to rise in kinetic

energy of the solute as well as rise in surface activities (Meena et al., 2005). A noticeable steady decrease in

biosorption efficiency is also noticed beyond 35 °C. The decrease in percentage removal of metal ions from solution

as temperature of solution increases might be due to high temperatures high temperatures which cause physical

damage to the biosorption sites hence reducing the effectiveness of biosorption process (Kula et al., 2008; Moyo et

al., 2012).
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Figure 4. Effect of temperature on removal of metal ion using 2 g of (a) MCF, and (b) UCF at predetermined

3.1.5. Effect

optimum pH, contact times and adsorbent dosage

of initial metal ion concentration

Figure 5 shows the experimental results for determination of effect of initial concentration of metal ion on

adsorption efficiency.
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Figure 5. Effect of initial metal ion concentration of effluent water on removal of metal ion
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There was a slight increase in adsorption efficiency as the initial metal ion concentration increased from 10 to 20
ppm using both adsorbents due to increased collision between the metal ions and the adsorbents (Aksu, 2005). More
interaction occurs between the biosorbent sites and the metal ion at low concentrations resulting in high removal of
metal ions from solution (Guyo et al., 2014). As the initial metal ions concentrations beyond 20 ppm, the adsorption
efficiency decreased due to saturation of biosorption sites and increased competition of metal ions for active sites
(Chen et al., 2005).

3.2. Adsorption isotherms

Adsorption isotherms are important for studying the type of interaction between the adsorbate and the biosorbent as
well as in optimizing the use of biosorbents. Adsorption isotherms also give the convenient data to comprehend the

mechanism of adsorption and to predict the kinetics of biosorption process (Igberase and Osifo, 2014).
3.2.1. Langmuir isotherm

Langmuir isotherm (Langmuir, 1916) assumes the uniform energy adsorption (Pansuk and Vinitnantherat, 2011).

The Langmuir isotherm model can be mathematically expressed by Equation 3:

0, = CmbCe

1+ c,c, (3)
Where Q. (mg/g) is the removed concentration at equilibrium, C,,, (mg/g) and b (mg/L) are the Langmuir constants

correlated to the maximum adsorption capacity and adsorption energy. The constants can be derived from y

intercept and gradient of the linear plot of Qi against Ci
e

e
The linearization form of the Langmuir isotherm is shown by Equation 4a:

1 1 1
—_—=—++ 4a
de Cm  bCnCe ( )

Figure 6 shows Langmuir adsorption isotherms and the constants derived from these plots are shown in Table 1.
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Figure 6. Langmuir adsorption isotherm for metal ion biosorption on MCF and UCF
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Table 1. Langmuir sorption for the effluent water using MCF and UCF

Adsorbent | Metal ion Langmuir conftants, O B (mgL™) R?
(mgg™)
Pb** 2.7255 0.1784 0.9920
MCF cu*™ 1.8471 0.0852 0.9922
Zn** 2.4552 0.0852 0.9918
Pb** 2.9189 0.1244 0.9906
UCF cu™ 2.1106 0.1244 0.9904
zZn** 1.7513 0.1008 0.9916

Langmuir parameters can also be used to determine the affinity of chemically modified orange waste peel biochar

towards metal ions using separation factor (Equation 4b).

_ 1
1+ Co Kp,

(4b)

Re

Where K, is the Langmuir constant and C, is the initial concentration of metal ion. The calculated values of
separation factor (R,) using both MCF and UCF are presented in Table 2. The calculated values were found to be in
the range of 0<R <1 for all metal ions signifying that the biosorption process was feasible (Herma and Arivoli,
2007; Amuda et al, 2007).

Table 2. Calculated values of separation factor for MCF and UCF

Adsorbent | Metal ion R value
Pb** 0.0957
MCF cu” 0.0867
Zn** 0.2530
Pb** 0.1783
UCF cu™ 0.2302
Zn** 0.1999

3.2.2. Freundlich isotherm

Freundlich isotherm (Freundlich, 1906) takes into account mono layer coverage of solute by the adsorbent. It
describes the correlation in terms of the ratio of quantity of adsorbed adsorbate by adsorbent to adsorbate
concentration available in solution. This model for a single component adsorption is represented by Equation 5
(Azouanou et al, 2010).

Qe = */m = K C,/n (5)
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Linearization of form of Equation 4 gives Equation 6:

log Q. = log Ky + 1/nlog C. (6)

Where Q. is the quantity of adsorbed metal at equilibrium mg/L), C, is the concentration of metal ion in solution,

K¢ is relative adsorption capacity, n is the sorption intensity. Both K¢ and n are constants which depend on

temperature and derived from a plot of log Q. versus log C, where the y intercept will be K¢ and 1/rl will be the
gradient (Shao et al., 2009). The Freundlich constants, K¢and n were calculated from Figure 7 and were presented in
Table 3. The values of n indicate that sorption process was heterogeneous for the sorption of Pb?*, Cu?* and Zn**
using both adsorbents since the values of 1/n were the range of 0.1<1/n<1 (Moyo et al, 2014). Values of n<1 show
that there is intense interaction between the adsorbent and the metal ions (Potgester et al., 2009). The calculated
values of n are greater than 1 show that Pb?*, Cu?* and Zn*" had low affinity for both MCF and UCF. A value of n
lower than unity indicates that the biosorption process is chemical whereas the n value greater than the unity
indicates a physical process (Aljebrori et al., 2014). The results indicate that the biosorption process was a physical
process. Superior values of correlation coefficients (R?) for Langmuir model (closer to 1) than Freundlich model

shows that the adsorption model of these metal ions conformed more to the Langmuir isotherm.
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Figure 7. Freundlich adsorption isotherm for adsorption of metal ion using (2) MCF, and (b) UCF

Table 3. Freundlich constants for metal ion adsorption onto MCF and UCF

Adsorbent | K¢ (mgg™) |n, (mgL?) |[R?

MCF 0.5133 1.845 0.9261
0.4557 2.1119 0.9203
0.2748 1.6776 0.9374

UCF 0.3730 1.7295 0.9289
0.3417 1.9673 0.9327
0.2500 18083 0.9125

ISSN: 2456-833X

OPEN @ ACCESS




2
AST

EXCELLENCE THROUGH RESEARCH \Volume 8, Issue 1, Pages 14-32, January-MarCh 2024

Asian Journal of Applied Science and Technology (AJAST)

3.3. Adsorption kinetics

Kinetic models are used to determine controlling steps such as chemical reaction processes, mass transport and
mechanism of adsorption process. The pseudo first order as well as pseudo second order models can be used to
come up with the adsorption process mechanism.

3.3.1. Pseudo-first order model

The pseudo- first order model can be presented in a linear form by Lagergren expression (Equation 7).

e/ = Ky (Qe- Q) )

At q.= 0 and t = 0, linearization of Equation 3.6 using integration method gives Equation 8 (Sheha and Colloid,
2007).

l0g(Qe — Q) = log Qo — X1/, 5 (®)

Where k, (min™) is the rate constant of the pseudo-first order model, t is the time (s), Q; is a quantity of metal
removed at equilibrium and Q. is the quantity of metal adsorbed at equilibrium. In order to study the biosorption
kinetics of Pb*, Cu?* and Zn?* on MCF and UCF respectively, first order Kinetics and second order kinetics were
applied to the data attained from batch experiments. The Lagergren pseudo first order kinetics for the effluent
system on MCF and UCF is shown in Figure 8. The R? values and kinetic parameters calculated using pseudo first

order and second order model are summarized in Table 4.
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Figure 8. Lagergren pseudo first order kinetics plot for metal ion adsorption onto (a) MCF, and (b) UCF
3.3.2. Pseudo-Second Order model

This model is based on the assumption that occupation rate of sites of adsorption is proportional to the square of

unoccupied sites number as shown in Equation 9 (Nharingo et al., 2013).

e/ = Iy (Qo — Q) (©)

The linearization of Equation 9 at q; = 0 and t = 0 using integration method gives Equation 10.
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Where k, isthe rate constant of pseudo first order at equilibrium, tis the time (s), Q; is a quantity of metal removed

attime tand Q. is the quantity of metal adsorbed at equilibrium. A plot of 1/Qt against t gives the g, and k, where

Q. is the gradient and k, is the y intercept. Considering the regression coefficients calculated and presented in

Table 4, the results perfectly show that kinetic mechanism of the sorption of these metals may be described by both

kinetic models. However it was concluded that the biosorption process of Cu®*, Zn** and Pb*" using MCF and UCF

followed a pseudo second order model since correlation R? calculated values of pseudo second order model are

greater (closer to 1) than those of pseudo first order model. Figure 9 shows the plots of the pseudo second order

model for the metal ions under the study.
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Figure 9. Pseudo second order kinetics for the effluent system on (a) MCF, and (b) UCF

Table 4. Best fit pseudo first order pseudo second order kinetics for biosorption process

Adsorbent Metal Parameters Pseudo first order Pseudo second model

Q. 2.3249 2.7278

Pb?* kyand k, 0.0403 0.0100

R 0.9891 0.9945

Q. 1.8176 2.3872

MCF cu* ki and k, 0.0412 0.0144

R’ 0.9657 0.9933

Q. 2.2914 2.2237

Zn** kyand k, 0.0501 0.0126

R 0.9657 0.9981
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Qe 2.6479 2.5265
Pb** ki and k; 0.0472 0.0099
R’ 0.9841 0.9920
Qe 2.3534 2.3946
UCF cu* k;and k; 0.0485 0.0094
R’ 0.9855 0.9889
Qe 2.0422 2.2956
Zn* kyand k, 0.0405 0.0077
R 0.9712 0.9909

3.4. Adsorption thermodynamics

To recognize the behavior of heavy metals, thermodynamic factors such as entropy, enthalpy and Gibbs free energy
change (AG) can be used (Zhang et al., 2011). The reaction is considered to be spontaneous if the calculated value
of Gibbs energy is negative at any given temperature. The Gibbs free energy change can be correlated with the
equilibrium constant equivalent to the reciprocal of the Langmuir constant (Oladoja et al., 2008). The free Gibbs
energy for the sorption reaction taking into account the equilibrium constant is determined from Equations 11 and
12 (Chen et al., 2010).

AG = —RT InK, (11)
K. =%/ (12)

Where AG is Gibbs free energy change, R is universal gas constant, T is the absolute temperature (temperature in
K), K. is equilibrium thermodynamic constant, q. is the quantity of metal adsorbed at equilibrium, C is the
concentration of solution at equilibrium, AH is the enthalpy change and AS is the entropy change. A plot of AS
against T gives the values of enthalpy change together with entropy change where enthalpy change is the gradient
while entropy change is the y intercept. The results of Gibbs free energy change (AG) calculations are presented in
Table 5 and Table 6 using MCF and UCF respectively. These parameters help to justify feasibility and spontaneity
of the biosorption process (Vieira et al., 2012). The negative values of Gibbs free energy change indicated that
biosorption process was feasible and spontaneous where the level of spontaneity of the system increases with
increase in temperature (Mohan and Singh, 2002). The Gibbs free energy change values ranging from -20 to 0

KJmol™ signify a physical monolayer biosorption process (Muszynski and Brodowska, 2014).

Table 5. Thermodynamic parameters for the adsorption of metal ions on MCF

Heavy metal | T (K) K. AG (KJmol™) AH AS R®
293 5.7295 -4.2544 52.893
Pb** 0.1953 0.9294
298 8.1407 -5.1977
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303 14.82278 -6.7953
313 15.2338 -6.9775
293 4.0531 -3.4091
0.9063
298 5.3694 -4.1641
cu® 20.03 0.0805
303 5.8587 -4.4537
313 6.1582 -4.6548
293 2.2510 -0.7931
298 3.3037 -1.0122
Zn** 6.1427 0.0238 0.9102
303 3.4366 -1.1027
313 3.6838 -1.1600
Table 6. Thermodynamic parameters for the adsorption of metal ions on UCF
Heavy metal | T(K) K, AG(KJmol ™) AH AS R’
293 4.1203 -3.4510
298 6.0028 -4.4425
Pb** 27.4110 0.1059 0.9210
303 6.2622 -4.6237
313 7.4818 -5.1558
293 2.5868 -2.3152
298 3.2248 -2.9001
cu® 23.4930 0.0884 0.9648
303 3.8591 -3.40193
313 4.1124 -3.6209
293 1.3480 -0.3366
298 1.6695 -05544
Zn?* 8.4735 0.0301 0.9351
303 1.7115 -0.5870
313 2.2342 0.8277

A plot of Gibbs free energy against temperature was used to determine the enthalpy and entropy of the system.
Figure 10 shows a plot of Gibbs free energy against temperature. The enthalpy change (AH) parameters of the
system was found to be +20.03 kdmol™, +52.893 kimol™ and +6.1427 kJmol™ for sorption of Cu®*, Pb®* and Zn**
respectively at 20 to 35 °C using MCF. The enthalpy change (AH) parameters of the system was found to be
+23.493 kJmol™, 28.411 kJmol ™ and +8.4735 kJmol™ for sorption of Cu®*, Pb?* and Zn** respectively at 20 to 35 °C
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using UCF. The positive enthalpy change signifies that the system is endothermic. Enthalpy change ranges from 2.1
to 20.9 KJmol™ denotes that the biosorption process is a physical adsorption whereas the enthalpy change ranges
from 80 to 200 KJmol™ shows that the process is chemisorption (Liu, 2008). The entropy change (AS) of the system
was found to be +0.0855 kJmol™, +0.195 kJmol™ and +0.0238 kJmol™ for Cu?*, Pb*" and Zn** respectively at 20 °C
to 35 °C using MCF. The entropy change (AS) of the system was found to be +0.0884 kJmol™, +0.1059 kJmol™ and
+0.0301 kdmol™ for Cu*, Pb*" and Zn*" respectively at 20 °C to 35 °C using UCF. Positive entropy change values
indicate that a chaotic solid interface was created due to interaction that occurred between the metal ions and

functional groups of the adsorbents resulting in alteration of adsorbent structure (Xu et al., 2012).

0 T T v ] T -
290 298 300 308 310 290 295 00 303 310
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Figure 10. Gibbs free energy against temperature plot for the adsorption of
metal ions on (a) MCF, and (b) UCF

3.5. Characterization
3.5.1. FTIR spectra of MCF and UCF before and after adsorption of metal ion

The FTIR spectra of both adsorbents before and after metal ion adsorption were studied within the range 400-4000
cm™ wavenumber as shown in Figure 11. Results showed the presence of various functional groups responsible for
the adsorption of metal ions. For UCF, the broad peak at 3440 cm™ was attributed to the O-H stretch, indicating the
presence of free hydroxyl groups on the adsorbent surface. The peak at 1641 cm™ represented the stretch of alkene,
while the two small peaks between 2800-2900 cm™ were due to the C-H, =C-H stretching of alkane and carbonyl
acids. The peak at 1100 cm™ was a result of the adsorption of lead ions by the C- CI, C-O groups. The O-H stretch
was shifted from 3440.17 to 3437.18 cm™, which shows the decrease of free hydroxyl groups. Additionally, new
peaks were formed at 1400 cm™ and 800 cm™, indicating the involvement of N-H and C-F or C-O stretching in the
adsorption process. Due to the nitric acid treatment process, which increased the amount of carboxyl groups on the
surface of activated carbon, the O-H peak from the carboxyl group on the spectra of MCF as compared to UCF
changed from a wavenumber of 3437 cm™ to 3452 cm™ which is a positive shift. The shift in the hydroxyl peak from
3452 cm™ to 3442 cm™ in Figure 2 illustrates that adsorption took place. This demonstrates that hydroxyl groups

were used for metal ion adsorption. The C=0 and COH functional groups were also represented by a new peak that
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emerged in the MCF at a wavenumber of 1650 cm™and at 1749 cm™. The peak at 1749 cm™ disappeared following
metal ion adsorption on the modified carbon.

—— UCF before adsorption [—— MCF before adsorption
UCF after adsorption ——MCF after adsomption
£ g
g 8
g g
E 1123.13 E
g 1645.52 E
E g
= ! 344017 =
$00.10 ; 1845.52
111044 ‘I. \I
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1400.10 344200
SO0 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
Wavenmmber (cm™) Wavenumber (cm™)
(a) (b
Figure 11. FTIR spectra of (a) UCF before and after metal ion adsorption, and (b) MCF before
and after metal ion adsorption
“74. Conclusion

This study has demonstrated that the use of bio-adsorbents derived charcoal fine should be regarded as an important
and modern approach to water treatment. The batch study on heavy metals removal by adsorption using MCF and
UCF were carried out in batch shake flasks. The results of this study indicated that the removal of Pb?*, Cu®* and
Zn**ions by MCF and UCF was affected by pH, contact time, initial metal ion concentration, temperature and
adsorbent dosage. The optimum pH for the adsorption of metal ions was 5 and 6 using MCF and UCF respectively.
The removal of metal ions increased with increasing contact time and equilibrium attained at 90 and 100 minutes
using MCF and UCF respectively. The optimum temperature was 35 °C. Maximum adsorption was attained at 2 g
and 2.5 g of adsorbents dosage using MCF and UCF respectively. Optimum initial metal ion concentration was
found to be 15 mg/L and 20 mg/L using MCF and UCF respectively. Optimized parameters conformed more to the
Langmuir isotherm giving higher correlation coefficients than Freundlich isotherm. The adsorption of metal ions
onto the surface of CMF and UCF followed monolayer coverage. The kinetic data attained from this study fitted
well with the pseudo-second order model. Further, thermodynamic studies predicted the adsorption of effluent
pollutants onto all the two adsorbents was a spontaneous and feasible process hence the adsorbents have potential to
bring a new revolution to the waste water treatment technologies.
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