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Abstract The elemental composition of termite mound
was determined by XRF which revealed K, Ti and Mn as
minor constituents while Ca and Fe as major constituents.
The dominant functional groups of termite mound are Fe—
OH, Fe-O and O-H. The Pb(Il) and Zn(II) adsorption ca-
pacities (mg g_l) are in order of Pb(Il) (13.07) > Zn(II)
(12.40) > Pb(Pb/Zn) (11.72) > Zn(Pb/Zn) (7.62). The
Langmuir adsorption isotherm fitted the adsorption data
better than Freundlich isotherm. The adsorption process
was best described by pseudo-second-order kinetic model
for single and binary solutions, and the rate constants k,
(g mg~" min™") are 0.036, 0.016, 0.024 and 0.015, and the
calculated value of g. (mg g_l) is 12.33, 12.25, 11.52 and
7.84 for Pb(Il), Zn(Il), Pb(Pb/Zn) and Zn(Pb/Zn), respec-
tively. The regression coefficient, R? values, for these so-
lutions ranged between 0.9966 and 0.9978. The
AH (kJ mol™") values were positive for single and binary
solutions in the order Pb(l) (32.0) > Pb(Pb/Zn)
(30.8) > Zn(Pb/Zn)  (28.0) > Zn(I)  (19.0),  while
AS (kI mol™' K™ are in the order of Pb(II) (0.103) >
Pb(Pb/Zn) (0.097) > Zn(Pb/Zn) (0.082) > Zn(II) (0.06).
The AG value for Zn(Il) is positive in both single and
binary systems, while that for Pb(Il) was positive between
313-333 and 323-333 K for single and binary systems,
respectively. The data show that the use of neglected ter-
mite mound for Pb(Il) and Zn(II) removal from aqueous
solutions is economically significant in wastewater
treatment.
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Introduction

Technological advancement has made man to be increas-
ingly dependent on materials whose production generates
large quantities of industrial wastes, often containing heavy
metals. Research findings have shown that the toxicity due
to annual metallic discharge into the environments far
exceeds the combined total toxicity of radioactive and or-
ganic wastes as measured by the quantity of water required
to dilute such wastes to meet the quality of drinking water
standard (Abdus-Salam and Adekola 2005a). Natural en-
vironment has the ability to sequester these heavy metals
but whenever the waste exceeds the environmental toler-
ance levels, specific effects are noticed in man. The
leaching of waste rich in heavy metals, discharge of in-
dustrial effluents or dumping of waste rich in heavy metals
into aquatic systems frequently cause critical pollution
levels to be exceeded (Mendiguchia et al. 2007). For ex-
ample, lead and cadmium are commonly found in the
wastewater of industries such as electroplating, plastic and
paint manufacturing, mining, metallurgical process, petro-
chemical process, batteries, paper and pulp (Igbal and
Edyvean 2005). Thus, effluents from these industries when
discharged into body of water will pose health challenges
on aquatic life and man that depends on water.

The conventional methods of heavy metal removal in-
clude chemical precipitation, ultra filtration, biochemical
treatment and ion exchange (Abdus-Salam and Itiola
2012). There are shortcomings associated with these
methods ranging from poor efficiency when the metal
concentration is lower than 10 mg L™, disposal problem
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of large volume of organic solvent, the cost of reagents and
energy consumption (Abdus-Salam and Itiola 2012). Ad-
sorption process is an efficient and alternative method to
the conventional methods because the process is free from
the above shortcomings. The process is simple, efficient
and cost-effective. The adsorbent for adsorption process is
often obtained from raw or modified natural and synthetic
materials. The volume of available literature on biomass
compared to other natural materials shows that there is
greater attention on adsorbents prepared from biomass,
while less attention is given to other natural materials.
Some agricultural by-products that have been used as ad-
sorbents are rubber wood sawdust (Srinivasakannan and
Abu Baker 2004), dates stone (Alhamed and Bamufleh
2009), bamboo-based [Hameed et al. 2007], coconut shell
[Torregrosa-Macia et al. 1997; Tan et al. 2008], clay and
clay materials (Appel and Ma 2002; Rouff et al. 2005;
Omar and Al-Itawi 2007) and oxides of iron (Abdus-Salam
and Adekola 2006).

Activated carbon (AC) is the most widely used adsor-
bent for wastewater treatment. There has been increasing
research into alternative adsorbents with comparative
performance advantage to AC. The need was partly due to
high cost of procurement of AC and high cost associated
with its regeneration emanating from high degree of loses
in operational process (Olgun and Atar 2012, Atar and
Olgun 2009). Termites are social insects that build nests in
soil or wood (Eggleton et al. 2002). The mounds are
features built from subsoil taken from a depth as low as 3
metres below the earth surface; thus, the composition of
mound soil is closely related to the nature of adjacent
subsoil (Semhi et al. 2008). Recently, the use of termite
mound (TM) to remove Pb(II) (Abdus-Salam and Itiola
2012) and Cr(VI) (Araujo et al. 2013), and defluoridation
of groundwater (Fufa et al. 2013) were reported. The
permissible limits of both lead and zinc in drinking water
are 0.1-0.05 and 5.0 mg 17!, respectively (WHO 1996;
Arias and Sen 2009). The accumulation of Pb and Zn in
living organism is known to cause serious health problems
such as brain disorder, kidney dysfunction, anaemia, ver-
tigo and pancreas damage (Zhu et al. 2010; Veli and
Alyuz 2007).

The potential of using TM for water pollution reme-
diation is growing with little attention on the influence of
co-ions on the adsorption process. Therefore, this present
work was aimed at investigating the physicochemical
properties of the termite mound and the effect of some
dependable parameters such as adsorbent dose, agitation
time, temperature and pH on metal adsorption and ex-
amines the adsorption from single and binary solutions of
lead and zinc onto TM. This research was carried out in the
Department of Chemistry, University of Ilorin, Nigeria,
and it spans between January 2012 and March 2013.
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Materials and methods

The TM for this research was sourced from Federal Min-
istry of Agriculture Root and Tuber Expansion Farm, Km
5, Ajasepo, Offa Road, Kwara State, Nigeria. The TM
sample was pretreated as earlier described (Abdus-Salam
and Itiola 2012). The fraction that passed through 300-nm
sieve aperture was used for subsequent analysis. This
fraction was further pretreated to remove non-clay mate-
rials and concentrate the active minerals that will improve
the adsorption property of the TM.

The pH of the TM was determined potentiometrically in
0.1 M CaCl, solution in the ratio 1:2.5. The moisture
content was determined by oven drying at 376 K (Hesse
1997). The pHzc of the sample was determined by both
potentiometric and by mass titration methods (Noh and
Schwarz 1989; Balderas-Hernandez et al. 2006). The ca-
tion exchange capacity, CEC, was determined using
potassium acetate method (James et al. 2008), and the
amount of potassium exchange was measured using Gen-
way model PP120 flame photometer.

Adsorption capacity

A 25 ml of Pb(II) (or Zn(I)) solution with initial concen-
trations ranging between 100 and 1,000 mg 17" was added
onto 0.5 g of TM in 100-ml Erlenmeyer flask. The sample
was agitated on orbital shaker for 7 h at 303 K. The super-
natant liquid was filtered, the residual metal analysis was
carried out using Buck Scientific Model 210 VGP Atomic
Absorption Spectrophotometer (AAS), and the quantity
adsorbed was calculated from Eq. 1 (Megat et al. 2007):

G - Ce
M

e = xV (1)

and the extent of adsorption was calculated from Eq. 2
(Bhattacharyya and Sen Gupta 2006):

C,—C. 100
X [—
G 1

%Adsorption = (2)
where ¢, is the quantity of metal adsorbed (mg 171); C;and C,
are the initial and final concentrations of the metals (mg 1™ 1),
V is the volume of the metal solution (), and M is the mass of
the termite mound soils (g) used. The quantity adsorbed was
plotted against the initial concentration to determine the ad-
sorption capacity of the mound for Pb(II) and Zn(II). These
optimal concentrations were used subsequently for determi-
nation of other dependable factors.

Effect of agitation time

A 0.5 g adsorbent dose was contacted with 25 ml of the
optimum metal concentration for Pb(Il), Zn(Il) (600 and
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800 mg 17", respectively) and the binary solution of ratio
1:1 Pb(II)/Zn(II) mixture. The effect of agitation time was
investigated for 10, 15, 20, 30, 45, 60, 90 and 180 min. The
mixtures in reactors were then agitated on a flat orbital
shaker and allowed to equilibrate at different time inter-
vals. The mixtures were filtered at designed time intervals,
and the un-adsorbed metals were analysed using AAS,
while the amount adsorbed was calculated from Eq. 1.

Effect of temperature

A 25 ml of the optimum concentration for Pb(Il) (or
Zn(Il)) was added to 0.5 g of the TM sample in a 100-ml
conical flask. The mixture was equilibrated for 7 h at
temperature 303, 313, 323 and 333 K, respectively. This
was repeated for the binary solution Pb(II)/Zn(II) mixture.
The mixtures were filtered, and the un-adsorbed metals
were analysed using AAS, while the amount adsorbed was
calculated from Eq. 1.

Effect of pH

A 25 ml of the optimum concentration for Pb(Il) and
Zn(Il), respectively, was added to 0.5 g of the TM in a
100-ml conical flask. The pH of the resulting solutions was
adjusted between 2 and 7 by gradual addition of 0.1 M
HNOj; or 0.1 M KOH solution. The solution was equili-
brated for 7 h, filtered and the un-adsorbed metals were
analysed using AAS, while the amount adsorbed was cal-
culated from Eq. 1.

Results and discussion
Physicochemical characterization of TM

The physicochemical properties of the termite mound are
presented in Table 1. The pH in water suspension was
much closed to neutral (6.9). Soil pH plays a major role in
the sorption of heavy metals as it controls the solubility and
hydrolysis of metal hydroxides, carbonates and phosphates.
It also significantly enhances ion-pair formation and solu-
bility of organic matter (Tokalioglu et al. 2006). The
moisture content of the air dried sample was 17.4 %.
Although % moisture of a sample may reflect the degree of
dryness to which the sample is exposed, it could also give
information on the pore size of the sample. Soil water is
held by adhesive and cohesive forces within the soil, and
an increase in pore space will lead to increase in water
holding capacity of soil. Therefore, 17.4 % moisture con-
tent translates to the average pore. In a related research,
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Table 1 Some physicochemical properties of termite mound
Properties Results
Colour Brown
Texture Fine
pH 6.9
CE.C 132
Organic matter (OM) 1.60
Moisture content 17.4

12.0 % was obtained (Manuwa 2009). The difference in
these results may be due to the period of sampling and
geology of the underlying soil materials. The percentage
organic carbon content is 1.60 % and the organic matter
(OM) is 2.77 %, which shows that the OM value is higher
when compared with average value reported for similar soil
materials (Stanley 1975). The CEC of the TM was mea-
sured to be 13.2 meq 100 g~'. Values of CEC for different
soil types are in the range of 1.0-100 meq 100 g, least
for sandy soil and most for clay soil. A higher CEC value
reflects the dominance of 2:1, and lower values reflect the
presence of 1:1 mineralogical arrangement (Dube et al.
2000). The higher the OM content of the mound, the higher
the value of its CEC, and inferably, the higher the avail-
ability of exchangeable ions that confer higher adsorption
on the adsorbent (Abdus-Salam and Itiola 2012).

The point of zero charge (pzc) by potentiometric titra-
tion was 5.9 which is lower (7.8) than what was obtained
for similar material taken from a different source (Abdus-
Salam and Itiola 2012). A lower OM value is known to
influence the pzc making it slightly higher (Schwertmann
and Fechter 1982). The obtained OM value in this research
is 2.77 % as compared to 3.45 % obtained in a similar
research work (Abdus-Salam and Itiola 2012). The min-
eralogical compositions of the dried TM as determined by
XRF showed that K, Ti and Mn are present as minor ele-
ments, while Ca and Fe are major constituents. The FTIR
spectral assignments and interpretations were done ac-
cording to literature reports (Halavay et al. 1977; Naka-
mato 1978; Abdus-Salam and Adekola 2005b). The FTIR
revealed that the absorption peaks at 3,620.51 and
3,437.26 cm™ " were assigned to OH stretching frequency,
1,112.96, 1,033.88 and 1,008.80 cm™' were attributed to
Fe-OH bending modes, while 540.09 and 470.65 cm ™!
were assigned to Fe—O stretching frequency of water.

Adsorption capacity of TM

Figure 1 depicts the adsorption of varying concentrations
of Pb(Il) and Zn(Il) from single adsorbate solution onto
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Fig. 1 Quantity of Pb(II) and Zn(II) adsorbed from single and binary
solutions

TM. The adsorption of both Pb(Il) and Zn(Il) increased
with increase in concentration until about 600 and
800 mg 1™' initial concentration at which 13.07 and
12.40 mg g~ ' of Pb(Il) and Zn(II), respectively, were ad-
sorbed. There was a slightly higher adsorption of Pb(II)
than Zn(II) under the same experimental conditions. This
observation was in agreement with a similar work on
volcanic ash soil (Esmaili et al. 2003). Figure 1 also shows
the adsorption capacity for Pb(II) {or Zn(II)} from binary
solution of Pb(II)/Zn(II) onto TM. It was observed that the
quantity of Pb(Il) or Zn(II) adsorbed decreased as com-
pared with single metal dose adsorption. This showed that
efficiency of metal ion adsorption was influenced by the
presence of other ions in binary or multi-system solutions.
This may be due partly to competitiveness of ions for the
same available active sites and partly to repulsion of ions
with similar charges.

Although both Pb(II) and Zn(II) have the same ionic
charges but the ionic radius and electronegativity of Pb(Il)
are higher than those of Zn(II). Some important ionic pa-
rameters of both Pb(II) and Zn(II) are presented in Table 2.
Although, both ions were favourably adsorbed, Pb(II) was
more favourably adsorbed than Zn(I) which could be at-
tributed to higher values of ionic radius and elec-
tronegativity of Pb(I) than those of Zn(II) (Depci et al.
2012; Lu and Xu 2009).

Effect of agitation time

The effect of contact time on the adsorption of Pb(II),
Zn(Il) as single adsorbate solution as well as Pb(Pb/Zn)
and Zn(Pb/Zn) from binary solutions on TM is shown in
Fig. 2. The curves represented three stages of adsorption
behaviour. The time interval between 0 and 15 min rep-
resents fast kinetics with 77.40 % Pb and 69.30 % Zn ad-
sorption. This is followed by a slow kinetic rate
(15-45 min) within which 100 % Pb and 87.30 % Zn
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adsorption was attained. The third stage (45-180 min)
represents a practically constant kinetics.

Similar trend was observed in binary solution although
with lower metal adsorption. The 0-15 min represents fast
kinetic where 69.80 % Zn(Pb/Zn) and 81.30 % Pb(Pb/Zn)
were adsorbed. This was followed by 15-45 min time
interval that represents the slow kinetic and 86.62 %
Zn(Pb/Zn) and 87.72 % Pb(Pb/Zn) adsorption. The initial
rapid increase in adsorption may be due to the presence of
vacant adsorption sites on TM and un-restricted active
sites with similar energy. However, as more and more
active sites are filled up, the rate of adsorption slowed
down and the ease of adsorption becomes more difficult
(Bhattacharyya and Sen Gupta 2006) until equilibrium is
reached. The quantity of Pb(Il) adsorbed was greater at
any given time in single and binary solutions than that of
Zn(Il) in the same adsorption environment. The lower
adsorption of Pb(Il) or Zn(Il) from binary solution as
compared to single adsorbate solution suggests com-
petitiveness of the two ions.

Effect of temperature

The effect of temperature on the adsorption capacity is
represented by the plot of temperature versus quantity ad-
sorbed (Fig. 3) for both single and binary solutions. There
was increase in the quantity adsorbed with increase in
temperature for both Pb(II) and Zn(II) for single and binary
solutions. The quantity adsorbed for Pb(Il) was greater at
any given temperature in single and binary solutions than
that for Zn(I) in the same adsorption environment. The
lower adsorption of Pb(Il) or Zn(II) from binary solution as
compared to single adsorbate solution suggests ionic in-
fluence on adsorption. The effect of ionic interaction in a
binary solution on the sorption process may also be rep-
resented by the ratio of the adsorption capacity for one
metal ion in the presence of the other metal ions, ¢,
(Gvinary)> to the adsorption capacity for the same metal
when it is present alone in the solution, gs (¢single) (Mohan
and Singh 2002), such that for:

qv/qs > 1, the sorption is promoted by the presence of
other metal ions;

qv/qs = 1, there is no observable net interaction; and
qv/qs < 1, sorption is suppressed by the presence of other
metal ions. The ratio was found to be <1 which is an
indication that the presence of one ion suppressed the
adsorption of the other ion, and the higher the influence
of co-ion on the adsorption of primary ion, the lower the
ratio of ¢qy/gs. Similar results were obtained, in similar
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Table 2 Some atomic properties of lead and zinc 25
Properties Metals 20
Pb Zn —
%ﬁ 15

Oxidation state +2, +4 +2, +1 é —o—Pb(IT)
Electronegativity (Pauli scale) 2.33 1.65 g 10 8 Zn(Il)
First ionization energy (kJ/mol) 715.6 906.4 5 Pb(IT)(Pb/Zn)
Atomic radius (pm) 175 134 == Zn(II)(Pb/Zn)
Covalent radius (pm) 146 + 5 122 + 4 0
Tonic radius (M2+), 4-coordinate (pm) 98 60 300 310 320 330 340
Tonic radius (M>"), 6-coordinate (pm) 119 74 Temp. (K)

Fig. 3 Effect of temperature on adsorption Pb(II) and Zn(II) in single

and binary solutions

14 in the quantity adsorbed up to the pH of 5 for Pb(II) and 6

12 for Zn(1D).

10 The TM surface charge transformation which becomes
CEM - more negative as the pH of the solution matrix increases
) //. o —=Pb(Il) conferred greater affinity for positive ions onto TM. Gen-
5 ° fx —#=Zn(ID) erally, the medium in which an adsorbent is suspended, the

! Po(IL)(Pb/Zn) presence of anionic species or complexing agent has strong

2 —=Zn(I1)(Pb/Zn) . e

influence on the surface charge characteristics and may
00 50 100 150 200 confer a net negative charge on the surface at pH below pzc

Time (min)

Fig. 2 Quantity of Pb(Il) and Zn(II) adsorbed versus time from single
and binary solutions

works, for Pb and Zn in binary solutions (Mohan and
Singh 2002; Depci et al. 2012).

An increase in adsorption with increase in temperature is
an indication that the adsorption process was endothermic
(Hefne et al. 2008; Dandamozd and Hosseinpur 2010). The
endothermic nature of the adsorption processes may be
attributed to an increase in the kinetic energy of the ions
which enhances the adsorption onto the active sites or
causing the metal ions to be better solvated (Naseem and
Tahir 2001).

Effect of pH

At constant adsorbate concentration and time, pH of the
solution was varied from 2.0 to 7.0 as most metals tend to
precipitate out of solution at pH > 7.0 (Bayramoglu et al.
2003). Figure 4 represents the effect of variable pH on the
adsorption of Pb(Il) and Zn(II). It is observed that the ad-
sorption of both Pb(II) and Zn(Il) is pH dependent. The
quantities adsorbed increase with increasing pH with Pb(II)
being more influenced than Zn(Il). There was an increase

(Appel and Ma 2002). Otherwise the net surface charge
characteristic is positive at a pH below pzc, negative above
pzc and neutral at pH = pzc. The adsorption of Pb(II) and
Zn(Il) at pH below pzc can only be justified by the pres-
ence of anionic species of the salts of metals used. Near the
pzc (5.9) of TM, the net negative charge attained its
maximum and hence maximum adsorption of Pb(Il) and
Zn(Il). Moreover, when the pH of the adsorbing medium
was increased, there was an increase in the deprotonation
of the surface OH group on TM leading to a decrease in H*
ion on the TM surface sites. This created more negative
charges and enhanced adsorption of positively charged
species (Ghanem and Mikkelsen 1988).

Adsorption isotherms

Two adsorption isotherms, Langmuir and Freundlich
models were tested using the experimental data of the
equilibrium adsorption. Adsorption isotherm was studied to
determine the adsorption capacity and potential for se-
lecting adsorbents for heavy metal remediation.

Langmuir adsorption isotherm

The linear form of the Langmuir isotherm was applied in
form of Eq. 3:

@ Springer



3422

Int. J. Environ. Sci. Technol. (2015) 12:3417-3426

25
20
0 15
on
)
1
g 10 —=—Pb(1I)
5 —8—7n(T)
0
0 2 4 6 8

pH

Fig. 4 Plot of pH versus adsorbed quantity of Pb(II) and Zn(II)
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where b and g, are Langmuir coefficients representing the
equilibrium constant for the adsorbate—adsorbent equilib-
rium and the monolayer capacity, respectively, C. is the
equilibrium concentration of the solute in bulk solution
(mg 17"), and ¢, is the amount of solute adsorbed per unit
weight of adsorbent at equilibrium (mg g™ ').

The Langmuir plots of equilibrium concentration, C,
(mg 171) versus C./q., were linear for Pb(II) and Zn(II),
respectively (figure not shown). The adsorption data of
both Pb(Il) and Zn(II) as single and binary solutions fitted
well into Langmuir isotherm with regression coefficient
(R?) of 0.9944 (Pb), 0.9634(Zn), 0.9841 [Pb(Pb/Zn)] and
0.9776 [Zn(Pb/Zn)]. The calculated Langmuir parameters
are shown in Table 3. The value of b indicates that the TM
has stronger affinity for Pb(Il) than Zn(II) and is in
agreement with earlier report (Serrano et al. 2005). The
mono-layer maximum adsorption capacity, ¢, 1S
1408 mg g=' (Pb), 1266 mgg~' (Zn), 9.90 mg g~'
[Pb(Pb/Zn)] and 8.20 mg g{1 [Zn(Pb/Zn)]. The calculated
gm for Pb(Il) is higher than that for Zn(Il) and higher for
single adsorbate than for binary solution which follows the
observed experimental trend. The b value, however, was

greater for binary system than for single adsorbate system
for the two ions, that is, 0.037 (0.020) and 0.010 (0.009)
1 g~ for Pb(Il) and Zn(II), respectively. Higher b value is
related to the specific adsorption of metals at high-energy
surfaces (Serrano et al. 2005). The increase in the b value
suggests that competition for sorption sites promotes the
retention of both metals on more specific adsorption sites
(Li et al. 2012). However, the b value of Pb(Pb/Zn) was
more than Zn(Pb/Zn), and this confirmed the higher com-
petitive role of Pb(II) over Zn(Il) in a binary solution.

Freundlich adsorption isotherm

Equilibrium data were treated using Freundlich isotherm
according to equation as follows:

1
logg. = log K¢ + ;log Ce 4)

where K is the constant related to overall adsorption ca-
pacity (mg g~ '), n is a constant related to sorption intensity
known as Freundlich sorption intensity constant, g, is the
amount of solute adsorbed per unit weight (mg g~ "), and
C. is the equilibrium concentration of the solute in the bulk
solution (mg 17"). The isotherm model yielded linear plots
(figure not shown) with correlation coefficient, R?, of
0.8287 (Pb), 0.9645 (Zn), 0.7302 [Pb(Pb/Zn)] and 0.9647
for [Zn(Pb/Zn)]. The Freundlich isotherm gives an ex-
pression encompassing the surface heterogeneity and the
exponential distribution of active sites and their energies
(Atar and Olgun 2009). The Freundlich adsorption inten-
sity constant, n, and maximum diffusion constant, Ky, for
Pb(II) and Zn(II) in single and binary solutions are reported
in Table 3. The n values for binary solutions are higher
than those for the single adsorbate solution. This confirmed
the ionic interactions in binary solutions. The n value
indicates whether the nature of adsorption is favourable or
otherwise. A value less than 1 indicates that sorption in-
tensity is favourable over the entire range of concentration,

Table 3 Langmuir and Freundlich isothermal constants and correlation coefficients

Metal ions Langmuir isotherm Freundlich isotherm qv/qs
R Gm (Mg/g) b (Lig) R K (Lg) n

Pb 0.994 14.08 0.020 0.828 1.37 242

Pb(Pb/Zn) 0.984 9.90 0.037 0.730 1.37 2.69 0.70

Zn 0.964 12.66 0.009 0.964 1.0 2.74

Zn(Pb/Zn) 0.977 8.20 0.010 0.964 1.01 3.31 0.65

Y4
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while a value greater than 1 favours sorption at higher
concentration (Adekola et al. 2011). It could be concluded
from the value obtained that the adsorption is favourable at
higher concentrations for both Pb(II) and Zn(II).

Adsorption kinetics

The adsorption kinetics describes the solute uptake rate,
which in turn governs the residence of the adsorbed spe-
cies. It is also used to express the efficiency of the ad-
sorption process. The kinetic data for the adsorption of
Pb(II) and Zn(II) onto TM were tested with two different
adsorption kinetic models: the Lagergren pseudo-first-order
equation (Eq. 5) and pseudo-second-order equation (Eq. 6)

ki
1 —q) =1 -
0g(ge — qu) = logge — 5= 21 (5)
t 1 1
S E 6
qt k2qg qe ( )

The Lagergren pseudo-first-order plot of log (g — g
against ¢ (min) for both Pb(II) and Zn(Il) in single adsor-
bate and binary solution was linear but the R* is <less than
1. The same data were tested with pseudo-second-order
kinetic model by plotting #/g, versus ¢ (min).

The plots in Fig. 5 fulfil the conditions that yielded g,
values that are very close to the experimental values. The
experimental and calculated values of g., the pseudo-sec-
ond-order constant (k,) and coefficient of correlation, R>,
are presented in Table 4. Linearity of the plots with R
values that are very close to unity indicates that the ad-
sorption processes followed pseudo-second-order kinetic
model. A number of adsorption processes on clay materials
have been reported to fit well into second-order kinetic
model (Solener et al. 2008; Bhattacharyya and Sen Gupta
2006; Mohapatra et al. 2010). The decrease in the value of
k> in binary solutions when compared to single adsorbate
solution supports the interactions of ions in binary solution.

Adsorption thermodynamics
The Gibb’s free energy (AG®), enthalpy (AH") and entropy

changes (AS”) for the sorption were calculated using the
following equations:

AG = —RTInK (7)
InK = A5 — Ay (®)
AG = AH — TAS 9)

where R is the ideal gas constant (kJ mol™' K™"),
K = Cu4/C., and T is the temperature (K). AH® and AS°
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Fig. 5 Plot of #/g, versus ¢ for Pb(Il) and Zn(II) in single and binary

solutions

Table 4 Pseudo-second-order kinetics parameters for the adsorption
of Pb(II), Zn(II), Pb(Pb/Zn) and Zn(Pb/Zn) on TM

System Parameters
R ky (gmg™ min~") Q. (mgg™h
Calc. Exp.
Pb(II) 0.9969 0.036 12.33 13.07
Zn(1I) 0.9975 0.016 12.25 12.40
Pb(II)(Pb/Zn) 0.9978 0.024 11.52 11.72
Zn(I1)(Pb/Zn) 0.9966 0.015 7.84 7.62
1.5 4

InK
S
(=) W —_

200 0. wg 0.0034
1 *Pb(Il)
i B Zn(ll)
15 4 Pb(I1)(Pb/Zn)
2 X Zn(I)(Pb/Zn)

T (T

Fig. 6 Plot of InK versus 1/T for Pb(II) and Zn(I) in single and
binary solutions Chart Title

values were obtained from the slope and intercept, re-
spectively, of Van’t Hoff plots (Mohan and Singh 2002).
The plot of InK versus 1/7 (K™ is represented by Fig. 6
for single and binary adsorbate solutions. The calculated
parameters are given in Table 5, and from the table, it
could be observed that the heat of adsorption, AH, for both
single and binary solutions was all endothermic but is
lower in binary for Pb(Il) than the single adsorbate solu-
tion. This confirms the fact that Pb(Il) is influenced by the
presence of Zn(I) since lower heat of adsorption was
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Table 5 Thermodynamics

parameters for the adsorption of System AH (kJ mol ™) AS (I mol ™' K™ AG (kI mol ™)

Pb(I), Zn(ID), Pb(Pb/Zn) and 303 K 313K 323 K 333K

Zn(Pb/Zn) on TM
Pb(I) 32.0 0.103 0.65 —0.36 —1.36 —2.46
Zn(1l) 19.0 0.06 0.33 1.69 1.15 0.35
Pb(Pb/Zn) 30.8 0.097 1.36 0.94 —0.46 —1.44
Zn(Pb/Zn) 28 0.082 3.68 2.73 2.24 1.16

required for the binary system. A lower heat of adsorption
favoured Zn(Il) removal in single adsorbate solution when
compared with its binary solution. This indicates that
Zn(Il) adsorption was unfavourable in the presence of
Pb(II), and much heat of adsorption is needed to overcome
the restriction in the binary solution as compared to single
process.

The thermodynamic factors are reported in Table 5. The
values of AS for Pb(Il), Zn(II), Pb(Pb/Zn) and Zn(Pb/Zn)
are positive which indicate increased disorderliness and
randomness at the solid—solution interface of TM. The
AS value in binary system for Pb(Il) is practically lower
than that in the single system, which suggests the influence
of ionic interactions in binary solution (Depci et al. 2012).
However, AS value for Zn(Il) in binary system is higher
than the value for single solution system. This is an indi-
cation that Zn(II) suffered more of ionic interactions, and
there is need for more heat of adsorption before Zn(II)
adsorption takes place. The negative value of AG for Pb(II)
at 313 up to 333 K indicates spontaneity of the adsorption
of Pb(Il) in single adsorbate system and negative at 323
and 333 K in binary system onto TM. Although adsorption
of Zn(Il) is not spontaneous, it can be improved upon by
increasing the temperature of the adsorption process since
positive AG value for Zn(Il) decreases with increase in
temperature (Omar and Al-Itawi 2007). The AG value was
more positive in binary Zn(Pb/Zn) solution than in the
single Zn(II) system. Similar trend was observed for
AH values between single and binary systems for Zn(II)
adsorption. This implies that more heat will be needed to
promote the adsorption of Zn(II) on TM due to competing
ions.

Conclusion

TM has great potential as adsorbent for lead and zinc re-
moval from aqueous solutions. The processes of both
Pb(II) and Zn(I) adsorption are found to be pH and
agitation time dependent. Pseudo-second-order kinetic
model was found applicable to describe the processes. The

’r @ Springer

equilibrium adsorption data of both Pb(Il) and Zn(II) on
TM are better fitted to Langmuir than Freundlich adsorp-
tion isotherm model in single and binary systems. The
calculated adsorption capacity values are very close to
experimental values. The effect of competing ion was ob-
served in the adsorption capacities of Pb(II) and Zn(Il) in
binary solution as compared with the single solution. The
adsorption capacities, gy,, of Langmuir are in the order of
Pb(II) > Pb(II)(Pb/Zn) and Zn(II) > Zn(I)(Pb/Zn). Ther-
modynamic studies showed that AH and AS are positive
and that the process is endothermic. AG was negative
(spontaneous) at 313 and 323 up to 333 K for Pb(Il) and
Pb(II)(Pb/Zn), respectively, while that for Zn(Il) and
Zn(I)(Pb/Zn) is positive but decreases with increase in
temperature.
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