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Abstract: The adsorption performance of a packed bed column using the mixed adsorbent (Activated charcoal
and bone charcoal) for the removal of Cu (II) and Cd (II) from the aqueous solution was investigated. The
influence of important parameters like initial metal ion concentration, volumetric flow rate, bed height on the
breakthrough curves and the adsorption performance was studied. The results indicated that the effect of bed
height on Cu (II) and Cd (II) removal in packed bed column shows with the increase in the bed height the
saturation time increased for Cu (II) and Cd (II) respectively. Effect of volumetric flow rate on Cu (II) in a packed
bed column shows that with the decrease in volumetric flow rate the saturation time has been increased from
130 min to 200 min for Cu (II) and decreased for Cd (II) from 300min to 180 min respectively. Effect of Initial metal
ion concentration shows that the bed saturation time has been decreased with respect to increase in the initial
metal ion concentration. The kinetic models such as Yoon-Nelson model and Adam-Bohart model are studied
with respect to Column performance and Yoon-Nelson model better fitted with higher R  values (0.895-0.961)2

than Adam-Bohart model. The effect of pH, temperature, initial metal ion concentration, agitation rate, adsorbent
dosage, contact time shows that the highest % removal has been obtained for Cu (II) than Cd (II) with respect
to batch parameter study. The potential capacity of the mixed adsorbent as a low cost material for the removal
of Cu (II) and Cd (II) from the synthetic metal ion solutions has been studied.
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INTRODUCTION exceed the tolerance levels [2]. Exposure to these metals

The increase in the industrial activity during the and even to death ultimately. Besides chronic exposure to
recent years has significantly contributed to the increase these contaminants present even at low concentrations in
of heavy metal ions in the environment, mainly in the the environment they also proved to be harmful which
aquatic systems. Water pollution due to the heavy metals leads to the human health. Due to the above reasons the
is an issue of great environmental concern. Heavy metal heavy metals must be removed from industrial effluents
ions such as cobalt, copper, chromium, nickel, palladium, [1]. The conventional methods used to remove heavy
lead, zinc are detected in the waste streams from the metals include chemical precipitation, ion exchange and
mining operations, tanneries, electronics, electroplating, electro dialysis, membrane separations, reverse osmosis,
batteries and petrochemicals industries has major effects solvent extraction and adsorption. The search for new
on the human and aquatic life [1]. Major lead pollution is effective and economical technologies involving the
through automobiles and battery manufacturers. Heavy removal of toxic metals from waste waters has directed
metals have harmful effect on the human body, attention to bio sorption which is a physical adsorption
physiological and other biological systems when they based on metal binding capacities with low cost cum

can cause liver diseases, brain damage and kidneys failure
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–nonconventional adsorbents. The discharge of effluents forming a molecular or atomic film. Adsorption is a
in the industrial waste causes toxic effect on the living versatile and effective separation process for the removal
species and sometimes even death at higher of industrial and domestic effluents that contains heavy
concentrations. The stable metal ions which cannot be metals. A search for the alternative and low cost
metabolized by the body are got passed up in the food adsorbents with high adsorptive capacities has an
chain and create severe health problems such as vomiting, important role in the process [9, 10].
headache, nausea, brain damage, liver and kidney failure
and death. An increase in the population and MATERIALS
industrialization leads to several effluents, which contain
the metals such as lead, mercury, cadmium, nickel, copper, All the chemicals used in the present study were
chromium, Manganese, Iron, zinc and some dyes etc. The purchased from Sigma Aldrich with 99% purity.Activated
type of metal ion in the effluent will depend upon the charcoal and Bone charcoal, Rotary shaker (Spectra Lab
industry like pharmaceutical, textile, electroplating, instruments Pvt Ltd & Industrial Research (Delhi), Model
batteries, plastic, paper, electroplating, paint, fertilizers, HM8T) for Agitation. Atomic Absorption
mining, steel etc [1, 3]. Heavy metals have toxicity towards Spectrophotometer  (Thermo  Scientific  iCE 3000 series)
the aquatic life, plants, animals and human beings. There for sample Analysis, Packed bed column set up,
are several reports which indicate that excessive intake of Submersible pump (Zoom, 220-240 V/ 50 HZ) of capacity
copper by humans may lead to severe mucosal irritations, 40 W to maintain flow rate, 20 mesh size stainless sieve,
hepatic and renal damage, capillary damages, bucket for the storage of the synthetic sample. Ball valve
gastrointestinal irritation and central nervous system for the control of flow rate.
irritation [4]. Excessive zinc enters the human body and
accumulates in the liver and kidneys resulting in Methodology
hemochromatosis  and  gastrointestinal catarrh diseases. Preparation of the Mixed Adsorbent: The mixed
A high concentration of nickel can cause cancers to adsorbent   (Activated    Charcoal    +   Bone  charcoal)
lungs, nose and bone. Thus, these heavy metals are toxic was  prepared  in1:1  ratio by adding 0.25 g of AC+BC
to living species. To solve the expanding problem of metal (50% each) and sieve analysis (SELEC XT 264, AIMIL
toxicity various methods have been employed to eliminate company ltd) is carried out in a rotary sieve shaker to
metal cation from aqueous solution such as reverse determine the particle size of the mixed adsorbent. A
osmosis, ion exchange, carbon adsorption [6] electro weight of 17g containing (50-50% each Activated charcoal
flotation and chemical precipitation [7]. Various types of and Bone charcoal) was sieved and the average particle
microbial biomass can retain / bind relatively high diameter of the mixed adsorbent is obtained as 33.05 µm.
quantities of metal ions on their cell wall due to its
structural characteristics. The metabolism independent Column Studies
mechanism is called biosorption which is regarded as an Column Studies for Removal of Cu (II) and Cd (II):
inexpensive biological treatment for high volume and low Continuous flow adsorption experiments were conducted
concentration complex wastewaters containing heavy in a transparent cylindrical glass column (4cm internal
metals in the order of 0.01-100mg/l [4, 5]. Comparing with diameter and 100cm height). A 20 mesh size stainless
conventional methodologies, generally the bio sorption of sieve was attached to the bottom of the column. A known
heavy metal is an expensive, eco-friendly and efficient quantity of the adsorbent in the ratio of 3:1 (Bone
methodology. Bioremediation processes include the use charcoal +Activated charcoal) was placed in the column
of living or dead biomass. These are not only inexpensive, to  yield  the  desired bed height (12cm, 24cm and 36cm).
but also do not produce any secondary chemical sludge Cu (II) solution of known concentration (100mg/l, 200mg/l
which is the main advantage of this process. The and 300mg/l) was pumped into the column using a 40 W
biosorbents are readily available and they are quite submersible pump at the desired flow rate (10ml/min,
efficient for the remediation of heavy metals below a 20ml/min, 30ml/min). Samples were collected from the exit
threshold concentration of 100 mg/L [8]. The nature of of the column at different intervals of time and analyzed
bonding between the adsorbate and the surface of the by using AAS. (Atomic Absorption Spectrophotometer)
adsorbent distinguishes between the types of adsorption. as shown in Fig. 1. Operation of the column was stopped
Adsorption is a surface phenomenon that a gas or liquid when the effluent of Cu (II) concentration exceeded by
solute accumulates on the surface of the solid or liquid 99.5 % of its initial concentration.
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Fig. 1: Packed bed column available for the metal ion to interact with the adsorbent.

Packed Bed Column Experimental Set up diffuse deeper into the adsorbent. Subsequently, the
Modeling Studies for the Removal of Cu (II) and Cd (II): percentage of metal ion removal increased when the bed
Different types of models are used to analyze the column height was increased. [21]. At a 12cm, 24cm, 36cm bed
performance. Depending on the Regression coefficient height the bed is saturated at 200min, 240min and 320 min
(R ) and the equation of the straight line the most suitable respectively for Cu (II) and 200min, 240 min and 300 min2

type  of  adsorbent  model  is predicted. In this paper respectively for Cd (II) as shown in the Fig. 2 and 3. 
Yoon-Nelson model and Adam -Bohart model are studied
for both the divalent metal ions Cu (II) and Cd (II). Effect of Volumetric Flow Rate on Adsorption of Copper

Yoon- Nelson Model: This is based on the assumption flow rate on copper and Cd (II) metal ion adsorption by
that the rate of decrease in the probability of adsorption mixed adsorbent was investigated by varying the flow rate
for each adsorbate molecule is directly proportional to the of the waste water inlet solution from 10 to 30 mL/min
probability of adsorbate adsorption and the probability of while maintaining the initial concentration and bed depth
adsorbent break through on the adsorbent [11, 12, 13]. at 200 mg/L and 36 cm, temperature at 30°C and pH 6 for

Adam- Bohart Model: It is used for the description of breakthrough was achieved for higher flow rates and the
initial part of the break through curve. [11, 14, 15]. slowest breakthrough curve was observed for the slowest

Thomas Model: It gives the adsorption performance in the metal ions and adsorbent is greater, which results in a
continuous column in the form of effluent outlet slower breakthrough curve. Conversely, for the higher
concentration vs time [19, 20]. flow rate, the solution will leave the bed before the

RESULTS AND DISCUSSION amount of metal ion being adsorbed. [16].The bed has

Column Studies: In the column studies the performance 200min for 10ml/min for Cu (II) and 180 min, for 30ml/min,
of the packed bed column are evaluated in terms of Effect 250 min for 20ml/min, 300min for 10ml/min for Cd (II)
of bed height, metal ion concentration, Volumetric flow respectively which is shown in the Fig. 4 and 5.
rate and the break through modeling is evaluated in terms Biosorpion  of  2,  4-dichlorophenol  in a fixed bed [17]
of various column models such as Yoon-Nelson model, (Wu and Yu, 2008) exhibited a similar trend as it was
Thomas Model, Adam-Bohart model etc. observed in the present study.

Effect of Bed Height on Adsorption of Copper and
Cadmium in a Packed Bed Column: The adsorption of
copper and Cadmium in the packed bed column is largely
dependent on the bed height, which is directly
proportional  to  the  quantity  of  Activated  charcoal
(25% of weight) and bone charcoal (75% of mass) in the
column. 12, 24 and 36 cm of bed height were considered.
The adsorption breakthrough curves obtained by varying
the bed heights at a flow rate of 10 mL/min an inlet metal
ion concentration of 200 mg/L at a temperature of 30°C
and pH 6 for copper. Faster breakthrough curves were
observed for a bed height of 12 cm, while the slowest
breakthrough  curve  was  observed  at  a  bed  height of
36 cm. More number of binding sites will be available for
the metal ion to attach, which will eventually lead to the
attainment of a higher bed capacity. Additionally, an
increased bed height resulted in more contact time being

This phenomenon has allowed the metal ion molecules to

and Cadmium in a Packed Bed Column: The effect of

both the metals. Result indicates that a quicker

flow rate. At lower flow rates, the contact time between

equilibrium can be reached. This will result in a decreasing

saturated at 130 min, for 30ml/min, 170 min for 20ml/min,
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Fig. 2: Effect of bed height on Cu (II) removal

Fig. 3: Effect of bed height on Cd (II) removal

Fig. 4: Effect of volumetric flow rate on the Cu (II) removal
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Fig. 5: Effect of volumetric flow rate on the Cu (II) removal

Effect of Initial Metal Ion Concentration on Cu (II) and Cd developed  a  model  to  describe  the adsorption
(II) Removal in a Packed Bed Column: The effect of the behaviour in the continuous column adsorption. The
three initial metal concentrations (100 mg/L, 200 mg/L and linearized form of the Yoon-Nelson model is given by the
300mg/L) on the adsorption process at a constant flow Equation.
rate of 10 mL/min and fixed bed height of 36 cm are shown
in Figure 6 and 7 for Cu (II) and Cd (II)and the temperature
of the column is maintained at 30°C at pH 6. It can be (1)
deduced that, at lower inlet concentrations, a slower
breakthrough curve and the highest treated volume will be where, k  is the rate velocity constant (L/min) and  is the
obtained. The slow transport of metal ions onto Activated time in (min) required for 50% adsorb ate breakthrough
charcoal and bone charcoal was due to the lower and C  is the initial metal ion concentration. A linear plot
concentration gradient and resulted in a slower of ln [C  / (C  -C )] against sampling time (t) was used to
breakthrough curve. Conversely a higher concentration of determine the values of k  and  from the slope and
metal ions has been shown to lead to a higher driving intercept of the plot as shown in Fig. 8(i) and 8 (ii).
force for the metal ions to overcome the mass transfer
resistance in the liquid phase. Consequently, quick Analysis of Adam- Bohart Model: A plot of ln (C /C )
saturation of the available binding sites for metal ions has against (C t) as shown in Fig. 9 (i) and 9 (ii) was used to
caused the breakthrough time to decrease with the calculate the values of N  and k . The results indicate
increasing inlet metal concentration. Apart from achieving that N  had no definite pattern when the inlet MB
a quicker break through curve, the adsorption capacity of concentration, flow rate and bed height were increased,
the bed also increased simultaneously with the increasing while the k  values decreased from 5x10  to 3x10
initial  metal ions concentration [16]. As the inlet mL/min.mg when the inlet MB concentrations increased
concentration of the feed increases, the loading rate of Cu from 200 to 300 mg/L. Hence it can be concluded that the
on the bed and the driving force to overcome the mass overall kinetics in the initial part of the adsorption process
transfer resistance increases [18]. The bed has been were dominated by external mass transfer [19]. The R
saturated for 330min, 300min, 275-280 min for 100mg/l, values show distribution between 0.7427 and 0.846.
200mg/, 300mg/l of Cu (II) respectively. Nevertheless most of the R  values are less than 0.9 which

Modelling Studies for the Removal of Cu (II) and Cd (II) it can be confirmed that the Adam – Bohart model is
in a Packed Bed Column unsuitable to explain the overall adsorption kinetics in the
Analysis of Yoon-Nelson Model: Yoon and Nelson [18, 19] column.
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indicates that the data does not fit the model. As a result
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Fig. 6: Effect of initial metal ion concentration on the Cu (II) removal

Fig. 7: Effect of initial metal ion concentration on the Cd (II) removal

Fig. 8: (i) Yoon- Nelson model at 10ml/min flow rate, 36cm of bed height and 200ppm of Initial metal ion Concentration
of Cu (II)
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Fig. 8 (ii) Yoon- Nelson models at 10ml/min flow rate, 36cm of bed height and 200ppm of Initial metal ion Concentration
of Cd (II)

Fig. 9: (i) Adam-Bohart model at 10ml/min flow rate, 36cm of bed height and 200ppm of Initial metal ion Concentration
of Cu (II)

Fig. 9: (ii) Adam-Bohart model at 10ml/min flow rate, 36cm of bed height and 200ppm of Initial metal ion Concentration
of Cd (II)
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Fig. 10: (i) Thomas model at 10ml/min flow rate, 36cm of bed height and 200ppm Initial metal ion Concentration of Cu (II)

Fig. 10: (ii) Thomas model at 10ml/min flow rate, 36cm of bed height and 200ppm Initial metal ion Concentration of Cd (II)

The Adam -Bohart model (Bohart and Adams, 1920) where k  is the Thomas rate constant (mL/min.mg), q  is
is used to describe the initial part of the breakthrough the equilibrium of MB uptake (mg/g), C  is the inlet MB
curve. The equation of the model is represented as: concentration (mg/L), C  is the effluent outlet

(2) (g), Q is the inlet flow rate (mL/min) and t is the flow time

where C  is the metal ion concentration (mg/l), C  is the (t) as shown in Fig. 10 (i) and 10 (ii) was drawn too t

effluent dye concentration (mg/l), K  is the kinetic determine the values of q  and k  from the intercept andAB

Constant (mL/ mg. min), L is the linear velocity (flow rate slope of the plot respectively. The data obtained from the
/ column section area, cm/min), Z is the bed depth of the experiments were fitted to the Thomas model using the
column (cm) and N  is the saturation concentration above Equation. From the analysis, it can be deduced thato

(mg/ml). A linear plot of ln (C /C ) against the time (t) was all of the factors (the inlet MB concentration, flow ratet o

drawn and the values of k  and N  were determined from and bed height) affect the Thomas rate constant (k ) andAB o

the slope and intercept point of the plot respectively. the equilibrium of MB uptake (q ). The inlet MB

Analysis ofThomas Model: The linearized form of the a similar pattern. When the inlet MB concentration
Thomas model can be expressed [20] as: increased from 200 mg/l to 300 mg/l, the k  remains

(3) increased from 1.87 to 2.57mg/g. Whereas when the bed

Th e

o

t

concentration at time t (mg/L), m is the mass of adsorbent

(min). The value of C /C  is the ratio of inlet to outlet MBo t

concentrations. A linear plot of ln [(C /C ) - 1] against Co t o

e Th
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constant at a value of (-8 x 10 ) ml/min.mg while the q5
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height  increased  from  12 cm  to  36 cm, the k  decreasedTH



World Appl. Sci. J., 34 (2): 164-173, 2016

172

from 2 x10  to 0.8 x10  ml/min.mg and the q  increased height of 12 cm, 10ml/min and 200 ppm as the values4 4
e

from 1.8 to 1.87 mg/g.These findings could be attributed deviate from 1. Nevertheless most of the R  are less
to the higher driving force of the higher inlet Cu (II) than 0.9, which indicates that the data does not fit
concentration (Padmesh et al., 2005) [22]. The R values into the model perfectly. As a result, it can be2

were greater than 0.9, which validates the use of Thomas confirmed that the Adam– Bohart model is unsuitable
model to predict the maximum adsorption capacity of the to explain the overall adsorption kinetics in the
bed for this system. column.

Conclusions for Column Study: In continuous column (II) at 10ml/min flow rate, 36cm bed height and
experiments the breakthrough point shifted towards right 200ppm shows that Thomas model fits for the
when  the  inlet concentration was decreased while a adsorption system.
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