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Original Research Article
Adsorption Isotherm Studies of Cd(ll) and Pb(ll) ions from Aqueous Solutions by
Bamboo-Based Activated Charcoal and Bamboo Dust.

Abstract

This study investigates a comparative assessmetwafdsorbents: Bamboo-based Activated
Charcoal (BBAC) and Bamboo dust (BD) in the remaMalead(ll) and cadmium(ll) ions from
aqueous solutions. Maximum Pb(Il) and Cd(Il) remavas observed at pH 6.0. The Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich isathenodels were applied to the adsorption
data. The coefficients of determination of the fonodels were high with Freundlich model
providing the best description for the experimeatddorption data. The fitting of the adsorption
data into Freundlich model shows that the mode ddfogption of the metal ions by both
adsorbents follows physisorption. Investigatioroithhe maximum adsorption capacity showed
that Pb(ll) was better adsorbed than Cd(ll) on tkorbents. Maximum adsorption capacities
corresponding to monolayer coverage, obtained fftmen_angmuir plots were 4.792 mg gnd
4.594 mg ¢ respectively for Pb(ll) and Cd(ll) ions onto th&&C and 4.771 mg§and 4.400
mg g* for their adsorption onto BD. The Langmuir adsimpicoefficient, K which is related to
the affinity of the adsorbents for the metal iorerev0.69%nd 0.271 respectively for adsorption
of Pb(Il) and Cd(ll) ions onto BBAC and 0.299 an@2® for adsorption onto BD following the
initial order. The carbonized bamboo based adsonvaa generally found to have an increased
adsorption capacity for the metal ions than bandhesi.

Keywords- Adsorption, bamboo-based activated charcoal, bamboo dust, biosorbents,
adsor ption isother ms.

I ntroduction

It is a well known fact that dissolved heavy metdsaping into the environment pose serious
health hazards to humans and other animals. Theynadate in living tissues throughout the
food chain, which has humans at its top and hemeestis the need for controlling heavy metal
emissions into the environment. Awareness of thir@mmental problems are now focussed on:
Regulations for metal discharges, which are nowctitrenforced in industrialized nations;
identification of the toxic and carcinogenic naturfethese heavy metals and their dangerous
impacts on the environment; investigations into ¢herent technologies for removal of heavy
metals from industrial effluents, which often ceeatecondary problems with metal-bearing
sludges (Tchuifonet al., 2014; Song et al., 2014; Hossain and Rahman, 202\2eglio and
Beolchini, 1997). The figure below shows the rodkeough which these heavy metals
accumulate in living organisms.
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The food-chain pyramid receives metals through nmmactivities and on top of the pyramid,
man receives pre-concentrated metal toxicity.

The methods commonly used to remove toxic heavyalsidtom municipal and industrial
wastewater are based on the adsorption of ionsioatduble compounds and the separation of
the sediments formed. Physico-chemical methodsh sisc chemical precipitation, chemical
oxidation or reduction, electrochemical treatmewgporative recovery, filtration, ion exchange
and membrane technologies have been widely empléye@move heavy metal ions from
industrial effluents. These conventional methodsug®e have several disadvantages such as
unpredictable metal ion removal, high reagent megpents and formation of sludge and its
disposal, in addition to high installation and @dgmal costs (Kehindet al. 2009; Deepat al.,
2006; Argun and Dursun, 2006). Adsorption has athges over these other methods because of
its simple design, sludge-free and low investmenterms of initial cost (Viraraghaven and
Dronamraju, 1993). Activated carbon has been razedras a highly effective adsorbent for the
removal of heavy metals in wastewater (Reed anah@chialam, 1994). However, it is relatively
expensive to produce and there is increasing relse@terest in sourcing for alternative low-cost
adsorbents. The search for cheaper and readilyabl@iadsorbents for removal of these toxic
metals from wastewaters has directed attentioniasobption involving materials of natural
origin. This is based on the various chemical fiomal groups present in the various biological
materials. Biosorption in its simplest meaninghe &bility of biological materials such plant
biomass, microorganisms (alive or dead) or therivdéves to accumulate or sequester heavy
metals from wastewater through metabolically mediabr physico-chemical pathways of
uptake. The transfer of metal ions from aqueousdid biosorbent phase is through either
passive, facilitated or active transport while megbms of uptake could be physical adsorption,
chemical complexation with microbial cell surfacgegps or bioaccumulation (Muraleedhagin
al.,, 1991). Algae, bacteria, fungi and yeasts havéedin studied and proven to be potential
metal biosorbents (Volesky, 1994; Vasudeehal., 2002; Hussein et al., 2004; Cordetal.,
2004; Khaniet al., 2006). A number of agricultural products andpmgeducts have also been

2



65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

105
106
107
108
109
110

assessed as potent biosorbents for metal removai@n et al., 1991; Abia,et al., 2003;
Argun and Dursun, 2006; Sajidtial., 2006; Onget al., 2007; Arguret al., 2007; Bansadt al .,
2009). The major advantages of biosorption over conveatibreatment methods include: low
cost, high efficiency or competitive performancegtah selectivity, minimisation of chemical
and/ or biological sludge, known process equipmpassibility of regeneration of biosorbent
and recovery of metal (Onwu and Ogah, 2010).

This present study compares the potential of twepdzents: Bamboo-based activated charcoal
and Bamboo dust in the removal of two metal id@d(ll) and Pb(ll) from aqueous solutions.
The effect of metal ion concentration was invesddaand the overall representation of
maximum adsorption capacity of these metal ionshieydifferent adsorbents is presented using
different equilibrium adsorption isotherm models.

Materials and methods

The source of the adsorbents, which is a bambag tkas gotten from a building site at
Umudike near the Michael Okpara University of Agitare in Abia State. The waste bamboo
materials were cut into small pieces, washed sHydmremove external waste particles and
then dried under the sun. It was divided into tvaotg one part was ground to produce bamboo
dust while the second part was carbonized.

Preparation of Activated Bamboo Dust

The bamboo dust (BD) was produced by crushing thstevbamboo material into small particle
sizes using a manual blender and then performegesinalysis using the sieve screen to obtain
a sample size of 0.3 mm. Thereafter, 40 g of thepéa size was soaked in excess of 0.5 M
HNOs solution in a beaker, stirred for 30 min at a terapee of 36C and then left undisturbed
for 24 h. It was then filtered through a whatmdtefipaper and rinsed copiously with deionised
water until a pH 7 was obtained. The adsorbent fimadly dried in the oven at 186 for 6 h.
The essence of treatment of the adsorbent withVOEINO3 solution was to remove any debris
or soluble biomolecules that might interact witk thetal ions during the adsorption process and
to open-up the micropores of the adsorbent in remdi for the adsorption process. This is
referred to as the chemical activation of the baonthast.

Carbonization and Activation of the waste Bamboo

The bamboo-based activated charcoal (BBAC) was ¢arbonized by heating to a temperature
of 200°C for 2 h in a Gallen Kamp muffle furnace and afigrich the charred product was
allowed to cool to room temperature. The charredpa was ground and sieved and 40 g of the
sample was activated by the activating agent EINis was carried out by mixing 50 mL of
0.5M HNGO; with 40 g of the charred bamboo product in a 230bmaker for 30 min and then
activated for 2 h at a temperature of 350The activated sample was then cooled at room
temperature, washed copiously with distilled-desedi water until a pH of 6.8 was obtained.
Both adsorbents, bamboo dusts (BD) and bamboo-tmzdreted charcoal (BBAC) were finally
stored in different airtight plastic vessels andetdly labeled in readiness for the adsorption
process.

Adsorbates Preparation

Stock solutions of 1000 mg'Lof each of the metal ions, cadmium and lead weepased from
their salts, Cd (Ng), and PbCJ. From the stock solutions, working concentratioh0 - 100
mg L™ of each of the metal ions were prepared by sdifialion. The effect of concentration on
the adsorption of the metal ions was studied hystexring 50 mL of the different concentrations
of the metal ions into different 250 mL conicalska while maintaining the pH of the solutions
at 6.0. Thereatfter, 1.0 g of each of the adsorbeassweighed into the flasks, corked and labeled
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and agitated in a rotary shaker for 2 h. The adsdrimass of 1.0 g/L was chosen in accordance
with previous work done bydemiluyi and Ujile (2013)pn Kinetics of batch adsorption of
iron (II) ions from aqueous solution using activated carbon from Nigerian Bamboo. At the
end of the adsorption process, the content of #ask was filtered, centrifuged and the residual
metal ion concentrations {Canalyzed. The concentrations of the standardstentest solutions
were confirmed using buck scientific Atomic Absaopt Spectrophotometer (AAS) model 969
502369 v5.66. The pH of the adsorbate solutions kegt at 6.0 using JENWAY pH meter
model 3310. The amount of the metal ions adsorbesl calculated by difference. The analysis
was carried out in triplicates and mean residualceatration analyzed. The amount of metal
ions adsorbed at equilibriumg gMg/g) was determined using equation (1).

_Go-Ce

e - xV (1)
The percentage of metal ions adsorbed (% R) wascalsiputed using the expression:
Percent adsorptiorto R=%X1OO (2)

where C, and C, are the initial and equilibrium concentrations (ljg/V is the volume of
solution (L) andnthe dry weight of the adsorbent (g).

Results and Discussion

Fourier transform infrared spectroscopy (FTIR) analysis

The FT-IR spectra of the two adsorbents BBAC andvigide performed in order to explore the
surface characteristics of the biosorbents (Figdeesnd 1b). The spectra display a number of
absorption peaks, indicating the possible funclignaups present on these biosorbents that may
be responsible for the removal of the two metasisom aqueous solutions. The peak positions
were observed at 3461.38, 1640.51, 1192.05 for BBAG 3440.16, 1435. 1376.26, 1093.67,
1038.70, 930.68 and 1637.62 trior BD. The bands at 3461.38 ¢rand 3440.16 cihare due

to N-H stretch (mainly primary and secondary amina®sent on the adsorbents. The band
observed at 1640.51 ¢his assigned to C = C bond (from alkenes), the §adl093.67 and
1192.05crt are assigned to C-O stretch (alcohols, ethersgdsacesters), 1637.63¢m
corresponds to N-H bend of amines and amides, Z0381i°is due taC — H bend of Cp=CH,-
from vinyl groups. These peaks which correspondlifferent functional groups are possible
sites for adsorption of these metal ions by theodmsits. The peak intensities indicate that
especially the OH groups, the C- O stretch of eidieohols, ethers, carboxylic acids or esters,
the N — H stretch of the primary or secondary asyihe— H bend of the amine or amides and the
C=C stretch of the alkenes may play a major rolthenadsorption of Pb(Il) and the Cd(ll) ions
from the aqueous solutions. These functional gragpgain eitherr-electron which is electron-
rich or lone pairs on nitrogen or oxygen, with whiihey can coordinate with the metal ions
leading to their adsorption. Comparing Figs. 1a ébdwe can conclude that some of these
peaks are either absent or new ones detectedmihive due to surface variation resulting from
the carbonization of the bamboo waste.
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Fig. 1la. FT-IR spectrum of Bamboo-Based ActivatéaiCoal (BBAC)

p T

e R R Rt T et T T ot TR I et et T B T B e R B I I )
4500 4000 30 3000 D 000 1TED 150 13600 1000 750 500 cm 1

Fig. 1b. FT-IR spectrum of Bamboo Dust (BD)

Effect of pH

The influence of pH is of paramount importance etahadsorption from aqueous solutions. The
pH of a solution affects both adsorbent surfacéelibm sites and the metal chemistry in solution.
In this study, the influence of pH on the adsomptad Pb(Il) and Cd(ll) ions by both adsorbents
was carried out in the pH range of 2.0-6.0 andplo¢s shown in Figures 2 and 3. No further
studies were carried out beyond pH 6.0 to avoidipitation of Cd(ll) and Pb(ll) as hydroxides.
Results obtained revealed that maximum adsorptioRbgll) and Cd(ll) on both adsorbents
occurred at pH 6.0. It can be inferred that at fivvalues, the metal ions and the hydoxonium
ions compete for active sites on the adsorbentaserivhich results in lower uptake of the
metals. Previous researchers had suggested thajhdy acidic condition, the adsorbent surface
ligands would be closely associated with oxoniurgQH ions which may hinder the access of
the metal ions to the ligands as a result of reypeiorces (Bansadt al., 2009; Oformajat al.,
2005; Lowet al., 1995). It could therefore be explained in theses that with increase in pH
values, more and more ligands would be exposedhmhilt result in attraction of positively
charged metal ions.
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Figure 2 Effect of pH on Pb(I1) and Cd(l1) adsor ption onto BBAC
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Figure 3 Effect of pH on Pb(I1) and Cd(l1) adsor ption onto BD.

Effect of initial metal ion concentrations

Figures 4 and 5 show that the adsorption of theamens increased with increase in metal ion
concentration. Assessment of level of metal iorakpitshows that Pb(ll) ions were slightly better
adsorbed than Cd(ll) ions on both adsorbents. Theflattening of the curves at the highest
initial concentration of 100 mgtemployed in our study shows the incomplete cowerfghe
available adsorption sites on the adsorbents byntel ions. The increased adsorption with
increasing initial concentration is further confechby the distribution coefficients (Table 1),
which expresses the concentration of the metal ionthe adsorbent phase divided by the
concentration in the continuous phase. It expregsegelative effectiveness of the adsorbents in
binding the metal ions. It is observed from TabJahht for the initial metal ion concentrations
used, the distribution coefficients were all gredatean unity showing an uptake of more than
50%. The distribution coefficient generally deceshss the initial concentration of metal ions
increased.
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Bamboo dust

Table 1 Distribution coefficients for adsor ption of the metal ions

Initial BBAC BD

conc. (Co) Pb ** cd* Pb #* cd*

(mg L™
20 89.91 51.63 43.44 26.78
40 17.96 14.94 12.61 11.38
60 8.80 7.38 6.71 5.26
80 8.30 7.30 5.90 4.04
100 6.62 5.23 4.26 3.95

Again, it is observed that Pb(ll), which has a é&rdensity and a higher ionic radius (Table 2)
was better adsorbed than Cd(ll). This trend magXdained by the fact that metal ions form
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aguo complexes when dissolved in water (Abia et28l02). The aquo complex is of the form
[M (H,0),]", where M denotes the metal iorf, the net charge on the complex and x the co-

ordination number. The relative uptake levels o tiwo metal ions are nearly inversely
dependent on their hydration energies (values shiowhable 2). C& with ionic radius of
0.097nm has hydration energy of —1806 kJ ehile PB* with ionic radius of 0.12nm has
hydration energy of —1480 kJ riolSince the displacement of water molecules froenaguo
ion is the basis of adsorption dynamics, the stgtoif the aquo ion is expected to play a major
role in the adsorption process. The aquo ion stabds can be observed from the hydration
energies of the metal ions is found to be dependerihe size of the ion. It is observed here that
an ion with a relatively large size (and low hydratenergy) will attach less strongly to the
water molecules than an ion with a smaller sized (ah course relatively higher hydration
energy). This suggests that an ion with a large witl interact better with the adsorbents than
that with small size since it is easier for thendischarge the water molecules formed in the
aquo complex. This may have contributed to thetgreadsorption of Pb(ll) ions than Cd(ll)
ions.

Table 2: Some Physical and Chemical properties of these metal ions

Stable | ®Density | 2lonic | °Hydration | 1% hydrolysis
oxidation glem® radii ( | energy constant pka
slement | sates | (25°C) | Ay | (AH)kImor'
Cadmium +2 8.65 0.97 -1806 10.0
Lead +2, +4 11.34 1.20 -1480 7.7

(°Liptrot, 1983:"Greenwood and Earnshaw, 1993)

However, the actual percentage adsorption of thealmens from solution was observed to
decrease with increase in initial metal ion conermdn for both adsorbents (Figures 6 and 7).
This is as a result of the fact that at lower metal concentrations, almost all the metal ions
were adsorbed but at higher initial concentratidnis, expected that the ratio of amounts of the
metal ions to the available surface active sitehigh; hence fractional adsorption becomes
strongly dependent on initial concentration. Atigeg dose (mass) of the adsorbents, the total
available adsorption sites are limited thereby duleg almost the same amount of metal ions,
resulting in a decrease in removal efficienciethefmetal ions by the adsorbents.
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Fig. 7 Plot of percentage metal adsorbed vs iditt@nc. for adsorption of the metal ions on
BD

Adsor ption Isotherms

The adsorption equilibrium is usually assessedrbig@therm equation whose parameters
express the surface properties and affinity ofatisorbent, at a fixed temperature and pH éHo
al., 2002).

Adsorption equilibrium is established when the @riation a metal ion in a bulk solutiong]C

is in dynamic balance with that at the interfache Tnetal ion uptake capacities in our study
were evaluated using the Langmuir, Freundlich, Tienakd Dubinin — Radushkevich isotherm
models and are hereby stated.

The Equilibrium Langmuir Isotherm

The Langmuir isotherm represents the equilibriustriiution of metal ions between the solid
and liquid phases.

The Langmuir isotherm is based on the followinguagstions:

* Metal ions are chemically adsorbed at a fixed banof well-defined sites;
* each site can hold only one ion (restricted ttyononolayer coverage).

* all sites are thermodynamically equivalent and

* there is no lateral interaction between the aodsdmetal ions.

The linearized Langmuir isotherm equation allowsth® evaluation of the maximum adsorption
capacity (@ay corresponding to monolayer coverage and the Lamgoonstant K, which
expresses the intensity of the adsorption procedssagiven as (Song al., 2014):

C.. 1 ,C, )

qe qmax KL qmax
Where G is the equilibrium or residual concentration afetsorption (mg L), o is the
equilibrium adsorption capacity (Mg’ gmaxis the maximum adsorption capacity (mg)g
corresponding to monolayer coverage, i& the Langmuir adsorption constant. The lineatsl
of Cdge vs G.showed that adsorption process follows the Langmausorption isotherm (Figures
8 and 9).
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Fig. 9 Langmuir isotherm plot of @qe vs G for adsorption of the metal ions on the Bamboo
Dust

The Langmuir constants Kand G and R values are shown in Table 3. The correlation
coefficients (R values) > 0.90 for all the metal ions showed thatLangmuir Isotherm gave a
good interpretation for the adsorption data. Thendmuir constants, ,gx and K were
determined from the slope and intercept of the alinglots. The Langmuir capacity
corresponding to monolayer coverageadis normally used to compare the efficiencies of
adsorbents with other materials, which have bestedeas biosorbents for the metal ions in the
chemical literature. Table 4 is a summary of hemegal adsorption capacities (mg)agpf some
common adsorbents in comparison with the bambod¢ alud its activated form used in our
study. The differences in the adsorption capacifethe different adsorbents could result from
the type of functional groups present on the biosots, which may have different affinities for
metal ions and the variations in the particle stg¢he adsorbents which usually affect their
surface area as well as the porosity of the adstsb@he adsorption capacities (m§ of 4.42
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and 4.16 for Pt and Cd" by the bamboo dust and 4.67 and 4.57 respectivelyne metal ions
by the bamboo-based activated charcoal in our studpmparison with some other adsorbents
presented in the literature as shown in Table #wshthat the bamboo wastes are good
adsorbents for the removal of these metal ions femueous solutions. The results from our
study further show that Pbwas better adsorbed thanCdn both surfaces.

The Langmuir adsorption coefficient, Kfor the metal ions were high and the high \Klues
indicate a high affinity of the adsorbents for thmetal ions and equally represents a steep
beginning of the isotherm for the metal ions (Hd dMcKay, 1999).
The essential characteristics of the Langmuir iwoitis are also expressed in terms of a
dimensionless quantity called separation factor €quilibrium parameter) R defined as:
(Webber and Chakravarti, 1974; Gupta and Bhattggha?006)).

1
AETRoN) “
Where G is the initial metal ion concentration and,Kkhe Langmuir constant. According to
Mckay et al. (1982) and Horsfalet al. (2004), the separation factor (Ralue) indicates the
shapes of the isotherme.,, R. > 1 unfavourable isotherm, R= 1 linear isotherm, R = 0
irreversible isotherm and 0 <_ R 1 favourable Isotherm
The values of Robtained for the two metal ions, Cd (II) and PB @h both adsorbents at initial
concentration of 100 mgtare all less than unity showing that the isotheras iavourable
under the condition of our study and also indicdted the adsorbents could be good substrates
for the metal ion removal.

Table 3. Langmuir Isotherm Constants

Constants BBAC BD
Pb(Il) cd(ln Pb(Il) cd(ln
Omax (Mg G) 4.792 4.594 4.771 4.400
K. (L mg"h) 0.699 0.271 0.299 0.226
R 0.026 0.036 0.032 0.042
R° 0.9147 0.9520 0.9324 0.9363

Table 4. Comparison of heavy metal removal cpapcities (mg/g) by different adsorbents.

Adsorbent | Sources
Pb(Il) Cd(IN

Unmodified - 8.82 Onget at.,

rice husk 2007

and

modified

rice husk 11.03

African 8.40 10.59 Anusierat
white star al.,, 2010
apple shell
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Sphagnum 12.30 - Ho and
moss peat Mckay,
2000
Maple 3.19 - Yuet al.,
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Activated - 1.51 Ucert al.,
carbon 2006.
Sigma C-
3014)

Equilibrium Freundlich I sotherm

The Freundlich model was used to assess the aasoiptensity of the adsorbates (metal ions)
towards the adsorbents. The linearized form of kaéch adsorption isotherm is represented as
(Malkoc and Nuhoglu, 2007):

Ing,=Ink. +1InCe (5)
n

Where K- and n are Freundlich constants describing bothirtensity and capacity of the
adsorption process, respectively. Figures 10 andrélinear plots of Ingys In G according to
Freundlich isotherm equatioithe Freundlich parametersgknd 1/n were calculated from the
intercept and slope of the linear plots and arsgrted in Table 5. (alues show the ease of
adsorption and separation of the heavy metals femmeous solutions. The values of the
exponent, n, which explain the distribution of beddnetal ions on the adsorbent surfaces, gives
an indication of the favourability and capacitytbé adsorption process. Anusiamal. (2010)
had reported that ‘n’ values between 1 and 10 sgmtefavourable adsorption conditions. In all
cases reported here, the range of the exponenbsetagen 2.486 and 2.843, showing beneficial
adsorption for the system. According to Anusietral. (2010), the fit of experimental adsorption
data to Freundlich model indicates that the formfeadsorption by the adsorbents are governed
by physisorption. The Rvalues are high for adsorption of the metal ionstlee sorbents and
this shows that the isotherm gives a good inteagicet of the adsorption behaviour of the metal
ions.
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Fig. 10 Freundlich isotherm plot of In ge vs In Clor adsorption of the metal ions onto
Bamboo-Based Activated Charcoal
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Fig. 11 Freundlich isotherm plot of In ge vs In C®r adsorption of the metal ions onto
Bamboo Dust

Table5: Freundlich | sotherm Constants

Constants BBAC BD
Pb(I1) Cd(In Pb(I1) Cd(In
Ke 1.593 1.285 1.373 1.099
1/n 0.352 0.379 0.386 0.402
n 2.843 2.638 2.593 2.486
R® 0.9734 0.9910 0.9840 0.9868

The equilibrium Temkin Isotherm

The Temkin isotherm describes tlobaracteristic adsorption potential of the adsarbéor the
adsorbates. The derivation of the Temkin isothessumes that the fall in the heat of adsorption
is linear rather than logarithmic, as implied i threundlich equation. The linearized form of
the isotherm model is given as (Sa@l., 2014):

q;%ln K +%Ince 6)

Wherege (Mg g*) andCe (mg L) are the amount adsorbed at equilibrium and thalibgum
concentration, respectively, 1B the absolute temperature in &d Ris the universal gas
constant, 8.314 J mdlK™. According to Akkaya and Ozer, (2005) and Peata#. (2003), the
constantb is related to the heat of adsorption. A linear gibadsorption capacity,.s In Ce
describes the isotherm for the adsorption of théamens (Figures 12 and 13). The Temkin
constants pand k were determined from the slope and intercept oflithear plots and their
values displayed in Table 6. Assessment of theesalof coefficient of determination {R
showed that Temkin isotherm is another good moalethfe description of the adsorption of the
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metal ions on the adsorbents. ThefrvBlues are all high but lower than those of Freichdind
Langmuir isotherm models.
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Fig. 12 Temkin isotherm plot of gvs In Ce for adsorption of the metal ions onto Bhoo-
Based Activated Charcoal

Fig. 13 Temkin isotherm plot of gvs In Ce for adsorption of the metal ions onto Baoo dust

Table 6. Temkin I sotherm Constants

Constants BBAC BD
Pb(ll) Cd(n Pb(ll) Cd(n
K+ 5.435 3.498 3.956 2.502
br (kJ/mol) 21.63 21.41 22.62 22.25
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367
368
369
370
371
372

373

374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392

R 0.8665 0.9196 0.9003 0.9196

Dubinin-RadushKevich (D-R) I sotherm model

To predict the mode of adsorptiome(, physical or chemical), the mean free energy of
adsorption was calculated by the Dubinin-RadusldteD-R) isotherm equation and is
expressed as (Ha al., 2002):

2

(@)= v 2|
Where g. (mg g?) is the amount of metal ions adsorb&lhr is the theoretical saturation
capacity (mg @), Kor (moFP/kF) is the Dubinin-Radushkevich isotherm constant(mg L) is
the equilibrium concentration of metal iorsjs the gas constant (8.314 J/mol K) dhdK) is
absolute temperature in Kelvin. The Dubinin-Radestth (D-R) isotherm constankpg, is
related to the mean free energy of adsorptin,(kdJ/mol) and can be computed using the
following expression (Horsfa#t al., 2004):

1

The linear plots obtained (Figures 14 and 15) shaak or low fitting of the isotherm to the
experimental adsorption data. The Dubinin-Radusicke{D-R) isotherm parameterspiKand
Qpr Were calculated from the slope and intercept oflitrear plots of In gvs [RT In (1+1/Q)]?
and summarized in Table 7. Examination of the ddtaws that the Dubinin-Radushkevish
isotherm does not provide an accurate descriptidheodata for the metal ions over the range of
concentrations studied.

As summarized in Table 7, it can be observed thawalues of linear regression coefficieRf)(
are in the range of 0.5559 — 0.6085, revealingttaexperimental data did not fit perfectly well
into the Dubinin-Radushkevich (D-R) isotherm model.

The constankpg gives an idea of the mean energy, (EJ mol*) of adsorption per mole of the
adsorbate as it is transferred to the surface @fstilid from infinite distance in the solution.
Singha and Das (2013) and Idbal. (2002) had reported that the magnitude gpEvides an
information on the nature of the adsorption processwhether it is chemical or physical, with
values in the rangeg= 1 — 8 kJ mot indicating physical adsorption and in the range 3 kJ
mol™ to chemisorption. The calculated mean free endggyalues were found to be less than 8
kJ mol* as indicated by our results (Table 7), showing tha adsorption process of the metal
ions in our study by the adsorbents followed phglsacisorption.
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399 Fig. 15 Dubinin-Radushkevich isotherm plot of In ges [RTIn (1+1/Ce)j for adsorption of the
400 metal ions onto Bamboo Dust

401
402 Table7: Dubinin-Radushkevich Isotherm Constants
Constants BBAC BD
Pb(ll) Cd(ll) Pb(ll) Cd(ll)
Qor (Mg ¢") 1.727 X 16" 2.886 X 10" 9.254 X 16" 6.271 X 16°
Kpr(mol” KJ?) 4.613 X 10 2.746 X 10 2.391 X 16 1.391 X 16

16




403
404
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407
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409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428

429

430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

E (kJ mot?) 3.292 X 10 4.267 X 10 4573 X 10 5.995 X 10’

R® 0.5559 0.5771 0.5859 0.6085

Analysis of the adsorption data using Ralues of the four isotherm models revealed that
Langmuir and Freundlich isotherm models providesl ltlest description for the adsorption data
under the conditions of the study, followed by Tem&nd lastly Dubinin-Radushkevich model.
The fit of the data into Freundlich model suggektg the forces of adsorption follow physical
mode. The energy values obtained from Dubinin-rakiegich Isotherm were all less than 8.00
kJmol?, indicating that the adsorption process was physiion.

Analysis of Coefficient of Deter mination of the | sotherms

Coefficient of determination @Ris a regression analysis that describes theigakitip between
the variables employed for the evaluation of theekc and thermodynamic parameters for an
adsorption process. In this present study, the irémg Freundlich, Temkin and Dubinin-
Radushkevich isotherm models, which are appliedtlier data analysis in this work are all
equations of the form y = mx + ¢ (where m is slapel c is intercept), showing that y and x
values must display certain degree of linear retethip for the equations to be useful for
prediction.

R?is a measure of the variation in y values thakjganed by the linear relationship with x (the
regression line). If Rvalue equals zero, it means the two variablesnaterelated, but if R
value is one, then the variables are perfectlyedichence, Rvalues between zero and one were
used for the assessment of the experimental datcdefficients of determinations of the four
isotherm models: Langmuir, Freundlich, Temkin andbin-Radushkevich isotherms were
compared and Rvalues that are closest to unity were considesetha best fitting models. For
this study, the Freundlich isotherm gave the bestudption of the adsorption process for the two
metal ions followed by the Langmuir isotherm, whilemkin and Dubinin-Radushkevich gave
fairly good interpretation for the adsorption prese

Conclusion

This study has shown that the adsorbents, Bambsedbactivated charcoal and Bamboo dust
can adsorb Cd(ll) and Pb(ll) ions from aqueoustsmis. In this present investigation, effects of
pH and metal ion concentration on the adsorptiothef metal ions was reported and results
obtained showed an increase in adsorption capagityincrease in metal ion concentrations.
Maximum PDb(Il) and Ni(ll) was observed at pH 6.(heTexperimental data was analysed by
Langmuir, Freundlich, Temkin and Dubinin-Radushk&visotherm models. The’Ralues of
the four models were high, with Freundlich givingsbfit for the experimental data, followed by
Langmuir isotherm while Temkin and Dubinin-Radushkk models gave fairly good
description for the adsorption data. The adsorbeete found to have better affinity for Pb(ll)
than Cd(ll) and BBAC showed better removal for thetal ions than BD. The adsorption
process was found to be a physisorption processes from the apparent energy of adsorption
calculated from the Dubinin-Radushkevich model. €hergy values were all less than 8 kJ'mol
! The conclusion from this study is that BBAC an® Bould be good adsorbents for the
removal of heavy metal ions from aqueous solutiand may possibly be useful for treating
industrial wastewaters.
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