
_____________________________________________________________________________________________________ 
 
*Corresponding author: Email: noah.akoji@bazeuniversity.edu.ng; 
 
 
 

Asian Journal of Applied Chemistry Research 

 
3(2): 1-14, 2019; Article no.AJACR.49010 
 

 
 

 

 

Adsorption Performance of Packed Bed Column for 
the Removal of Lead (II) Using Velvet Tamarind 

(Dialium indum) Shells 
 

Jibrin Noah Akoji1* 

 
1
Department of Petroleum Chemistry, Baze University, Abuja, Nigeria. 

 
Author’s contribution 

 
The sole author designed, analysed, interpreted and prepared the manuscript. 

 
Article Information 

 
DOI: 10.9734/AJACR/2019/v3i230089 

Editor(s): 
(1) Dr. R. Rajalakshmi, Department of Chemistry, University Coimbatore, India. 

(2) Dr. Ho Soon Min, Department of Chemistry, Faculty of Science, INTI International University, Malaysia. 
(3) Dr. Gadang Priyotomo, Lecturer, Research Center for Metallurgy and Material, Indonesian Institute of Sciences, Kawasan 

Puspiptek, Serpong, Tangerang, Indonesia. 
Reviewers: 

(1) Gulnaziya Issabayeva, University Tunku Abdul Rahman, Malaysia. 
(2) Pardon Kusaziwa Kuipa, Lupane State University, Zimbabwe. 

(3) Mairton Gomes da Silva, Federal University of Recôncavo of Bahia (UFRB), in Cruz das Almas, Bahia, Brazil. 
Complete Peer review History: http://www.sdiarticle3.com/review-history/49010 

 
 
 

Received 11 March 2019 
Accepted 21 May 2019 

Published 28 June 2019 

 
 

ABSTRACT 
 

The removal of Pb ions by activated carbons prepared from velvet tamarind (Dialium indum) shells 
was studied to investigate its uptake potentials using column sorption at different operating 
conditions (flow rates, initial concentrations and bed height). The prepared adsorbent was 
characterized by determining the physicochemical properties, proximate analysis, carbon, 
Hydrogen, Nitrogen and Sulpur analysis, Fourier Transform-Infra Red, Potentiometric titration. 
Different dynamic models were used to describe the sorption processes. The FTIR analysis results 
suggested the presence of functional groups such as hydroxyl, carbonyl, carboxyl and amine which 
could bind the metals and remove them from the solution. The values of moisture content, volatile 
matter, fixed carbon and ash content as obtained from % proximate analysis are 3.43, 27.07, 
65.05, 4.45 for activated carbons prepared from velvet tamarind shells. Ultimate analysis revealed 
that activated carbons prepared from velvet tamarind shells contained 75% carbon. The surface 
area and Iodine number of activated carbon from velvet tamarind shell are 570 m

2
g

-1
 and 614.7 

mgg-1 respectively. The column experimental data revealed that an increase in bed height and 
initial metal concentration or a decrease of flow rate enhances the longevity of column 
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performance by increasing both breakthrough time and exhaustion time thereby delaying bed 
saturation. Low ash content and high surface areas are indication of good mechanical strength and 
microporosity of the activated carbons prepared from this precursor.  The activated carbons are 
inexpensive and appeared to be effective and can be explore for future commercial application for 
environmental sustainability. 
 

 
Keywords: Adsorbent; velvet tamarind; adsorption; pollution. 
 
1. INTRODUCTION 
 
The exponential increase in the world population 
as well as increase in industrial activities made 
environmental pollution an important issue of 
serious concern. Gaseous, liquid and solid 
wastes emanates from these activities. Earth's 
surface is made up of 70% water which is the 
most valuable natural resource existing on our 
planet without which life becomes impossible. 
Although this fact is widely recognized, pollution 
of water resources is a common problem being 
faced today. Lakes, rivers and oceans are being 
overwhelmed with many toxic contaminants [1].  
 
Among toxic substances exceeding threshold 
levels are heavy metals and water pollution by 
heavy metals occurs directly by effluent 
discharge from industries such as textiles, dyes, 
leather tanning, electroplating, metal finishing, 
refineries, mine water and waste treatment plants 
and indirectly by the contaminants that enter the 
water supply from soils/ground water systems 
and from the atmosphere via rain water. The 
presence of these toxic substances in an 
undesirable level in wastewaters makes their 
removal to receive much attention [2]. When 
heavy metal concentration in waste water is 
considerably high, it would endanger public 
health and the environment if discharged into the 
environment without adequate treatment [3]. 
 

Several methods such as ion exchange, solvent 
extraction, reverse osmosis, and precipitation 
have been used for the removal of heavy metals 
from aqueous solutions but most of these 
methods are non-economical and have many 
disadvantages such as high reagents and energy 
requirements, generation of toxic sludge of other 
waste products that also require disposal after 
treatment [4]. However, adsorption of heavy 
metals from aqueous solutions is a well 
established process that has proven very 
efficient and promising in the removal of 
contaminants from aqueous effluents where 
interactions between metal ions and biomass 
present potential applications for the remediation 
of metal contaminated waters in various 

industries [3]. The process of adsorption has an 
edge over other methods due to its sludge free 
clean operation and efficient removal of toxic 
metals even from dilute solution. It is as an 
innovative principle of using waste to treat waste 
and will be more efficient because the 
agricultural by-products used as adsorbents are 
readily available, affordable, eco-friendly and 
have high uptake capacity for heavy metals due 
to the presence of functional groups which can 
bind metals to effect their removal from effluents 
making it more cost effective than the use of 
commercial activated carbon which is expensive. 
Alternative activated carbon produced from 
velvet tamarind fruits will be cheap, locally 
available and could be used to reduce 
environmental pollution by heavy metals. 
 
 The release of toxic metals into the environment 
would be controlled in this way, and so, the 
process could be used more extensively as an 
alternative method to the conventional treatment 
techniques [5]. 
 
Considerable attention has been devoted to the 
development of unconventional materials like 
used agricultural by-products for the removal of 
heavy metals from waste water [6], since these 
plant based by-products represent waste 
resources, and are widely available and 
environmentally friendly [7]. Various natural 
adsorbents obtained from agricultural wastes like 
sun flower stalk, Eucalyptus bark, maize husk, 
coconut shell, waste tea, rice straw, tree leaves, 
peanut and walnut husk, palm fruit bunch and 
African spinach stalk have been tried as raw 
materials for adsorbents to achieve effective 
removal of various heavy metals [8,9]. 
 
Commercial activated carbons have been used 
for the removal of heavy metals but are imported 
and expensive. There is a need to look for viable 
non-conventional low-cost adsorbents as 
alternative to commercial activated carbon in 
order   to meet the growing demand for cheaper 
and effective adsorbents. Velvet tamarind is 
among common fruits produced in Nigeria and 
large volumes of its non-edible and non useful 
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parts such as the shells constitute environmental 
problems. These non essential parts of velvet 
tamarind could be explored for the production of 
activated carbon.  
 
The aim of this study is to prepare, characterize 
and assess the heavy metal adsorption 
potentials of activated carbons produced from 
velvet tamarind. 

 
2. MATERIALS AND METHODS 
 
2.1 Sample Collection and Preparation 
 
The carbonaceous precursor used for 
preparation of activated carbon is velvet tamarind 
shells that were obtained as agricultural and 
forest wastes. Prior to use, samples were 
washed gently with water to remove mud and 
other impurities present on the surface and then 
sundried for one week. The samples shells 
collected after discarding the fruit pulp, were 
washed with deionized water, sun dried and then 
dried in a vacuum oven at 80°C for 24 h, crushed 
and ground using mortar and pestle. The 
particles were separated by using a US standard 
testing sieve (No. 100~No. 200). 100 g of raw 
material was impregnated with 100 cm

3
 of 

concentrated H2SO4 for 12 h. The impregnation 
was carried out at 70°C in a hot air oven to 
achieve well penetration of chemical into the 
interior of the precursor.  The sieved samples 
were placed in a crucible and heated in a muffle 
furnace for 60 min at 500°C. Activated carbons 
produced were cooled in desiccators and rinsed 
with deionized water until neutral pH was 
attained and stocked for subsequent heavy metal 
removal tests and analysis. 
 

2.2 Sample Characterization 
 
The pH, bulk density, iodine number, specific 
surface area, chemical composition of the 
adsorbents, proximate analysis of the activated 
carbons were determined using standard         
test [10,11,12,13]. Ultimate analysis (CHNS 
elemental analysis) of the samples were 
determined by subjecting them to combustion 
process (furnace at ca. 1000°C) for 30 min, 
where carbon was converted to carbon dioxide; 
hydrogen to water; nitrogen to nitrogen gas/ 
oxides of nitrogen and sulphur to sulphur dioxide.  
The combustion products were swept out of the 
combustion chamber by inert carrier gas and 
passed over heated (about 600°C) high purity 
copper situated at the base of the combustion 

chamber to remove any oxygen not consumed in 
the initial combustion and to convert any oxides 
of nitrogen to nitrogen gas. The gases were then 
passed through the absorbent traps in order to 
leave carbon dioxide, water, nitrogen and sulphur 
dioxide which were separated and detected 
using GC and thermal conductivity detection. 
 

2.3 Fourier Transform Infrared (FTIR) 
Spectrometer 

 
FTIR analysis was made using IPRrestige-21, 
FTIR-84005, SHIMADZU Corporation (Kyoto, 
Japan). Sample of 0.1 g was mixed with 1 g of 
KBr, spectroscopy grade (Merk, Darmstadt, 
Germany), in a mortar. Part of this mix was 
introduced in a cell connected to a piston of a 
hydraulic pump giving a compression pressure of 
15 kPa / cm

2
. The mix was converted to a solid 

disc which was placed in an oven at 105°C for 4 
h to prevent any interference with any existing 
water vapor or carbon dioxide molecules. Then it 
was transferred to the FTIR analyzer and a 
corresponding spectrum was obtained showing 
the wave lengths of the different functional 
groups in the sample which were identified by 
comparing these values with those in the library. 
 

2.4 Preparation of Pb Solution (Simulated 
Effluent) 

 
Standard lead (Pb) stock solution (1000 mgdm-3) 
was prepared by placing 1.578 g Pb(NO3)2, in a 
volumetric flask to which 100 cm

3
 of deionized 

water was added. The flasks were shaken 
vigorously to ensure the dissolution of the 
mixture. The solution was made up to 1000 cm3 
mark with deionized water. The working 
concentrations were prepared from the stock 
solution by serial dilution.  pH adjustment of 
solutions was made using dilute NaOH and HCl 
solutions. Deionized water was used to prepare 
all the solutions. All reagents were of analytical 
grade. 
 

2.5 Fixed Bed Column Experimental 
Procedure 

 
Fixed bed column studies were carried out using 
a glass column of 30 mm internal diameter and 
400 mm length. The activated carbon having 
0.425 to 0.600 mm particle size range was used. 
The activated carbon was packed in the column 
with a layer of glass wool at the top and bottom.  
Bed height of 50, 100 and 150 mm were used. 
The tank containing the heavy metal solution was 
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placed at a higher elevation so that the metal 
solution could be introduced into the column by 
gravitational flow. The flow controller helps to 
regulate the flow rate. Three flow rates (1, 3 and 
5 cm3min-1) were used while initial ion 
concentrations of 50, 100 and 150 mgdm

-3
 were 

used. The effluent samples were collected at 
hourly intervals and analyzed for the residual 
metal concentration using atomic absorption 
spectrophotometer.  

 
2.6 Dynamic Models of Column 

Adsorption of Lead (Pb) Onto 
Activated Carbon from Velvet 
Tamarind (Dialium indum) Shells 

 
For the successful design of a column  
adsorption process, it is important to predict the 
concentration-time profile or breakthrough curve 
for effluent parameters. A number of 
mathematical models have been developed for 
use in the design of continuous fixed bed 
sorption columns. In this work, the Bed Depth 
Service Time (BDST), Thomas and Yoon-Nelson 
models were used in predicting the behavior of 
the breakthrough curve because of their 
effectiveness. The model’s equations are 
presented in Equations 1 to 3: 

 

BDST = t = 
��

���
� −  

�

����
 �� �

��

��
� −  1          (1) 

 

Thomas= �� �
��

��
− 1� =

�� ����

�
−  ��ℎ���          (2) 

 

Yoon-Nelson = �� �
��

�����
� = ���� −  ���          (3) 

 
The maximum column capacity, qtotal (mg) for a 
bed height of 10.00 cm, initial metal 
concentration of 50.00 mg/dm3 and flow rates               
of 1, 3 and 5 cm

3
min

-1
 was calculated from                 

the area under the breakthrough curves as   
given by the Equation 4 (Ahmad and Hameed, 
2010). 

 

qtotal = 
��

����
=

�

����
∫ ���

�������

���
��                                       (4) 

 

where Cad = Ci - Ce (mg L
-1

), t = total is the total 
flow time (min), Q is the flow rate (cm min-1) and 
A is the area under the breakthrough curve 
(cm2). 

 
The equilibrium uptake (qe(exp)), i.e. the amount 
of the metals adsorbed (mg) per unit dry weight 
of adsorbent (mgg-1) in the column, was 

calculated from Equation 5 (Martin-Lara et al. 
2012): 
 

qe(exp) =   
������

�
                                                   (5) 

 
where W is the total dry weight of velvet tamarind 
shell in the column (g) 
 
The total volume treated, Veff (cm3) was 
calculated from Equation 6 (Futalan et al. 2011) 
 
Veff = Qttotal                                                 (6) 
 
The mass transfer zone (Zm) is one of the widely 
used parameters to examine the effects of the 
column adsorption height. To determine the 
length of the adsorbent zone in the column, Zm 
was calculated from Equation 7: 
 
Zm(cm) = Z(te – tb/te)                                         (7) 
 
where, L presents the closed height (cm), tb is 
the time (minute) required to reach the 
breakthrough point or Ceff/Co = 0.05 and te is the 
time (minute) required to reach the exhaustion 
point or Ceff/Co = 0.95 (Apiratikul and Pavasant, 
2008). 
 

3. RESULTS AND DISCUSSION 
 
The proximate analysis, ultimate analysis and 
physicochemical properties of activated carbons 
produced from velvet tamarind shells are 
presented in Tables 1, 2 and 3 
 

3.1 Proximate and Ultimate Analysis of 
Activated Carbons from Velvet 
Tamarind Shells 

 

According to [14], ash content is the 
measurement of the amount of mineral (e.g. Ca, 
Mg, Si and Fe) in activated carbon. Ash content 
obtained in this work was 4.45 for activated 
carbons prepared from velvet tamarind shells 
(Table 1). The ash content of this carbon is well 
below the typical ash content values of 8-12% 
obtained by [15] and 12% obtained by [16] but 
higher than the 3.58 and 4.89 obtained by [17] 
and [18] for coconut and Bael fruit shell 
respectively. Typical ash content of activated 
carbons is around 5-6 % [19]. A small increase in 
ash content causes a decrease in adsorptive 
properties of activated carbons by reducing the 
mechanical strength of carbon and affects 
adsorptive capacity. The presence of ash has 
been shown to inhibit surface development [20]. 
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Table 1. Proximate analysis, of the activated 
carbons prepared from velvet tamarind shells 

 
Property Vt 
Moisture 3.43 
Volatile Matter 27.07 
Fixed carbon 65.05 
Ash 4.45 

Vt = activated carbon from velvet tamarind fruit shells 
  

Table 2. Ultimate analysis of activated 
carbons from velvet tamarind fruit shells 

 
Element Vt 
C 75 
H 1.2 
N 1.8 
S 0.8 
O 21.5 

  
Table 3. 1Physicochemical properties of 
activated carbons prepared from velvet 

tamarind shells 
 

Parameter Vt 
Bulk density  (gcm

-3
) 0.51 

Iodine number (mgg
-1

) 614.7 
Surface area (m2g-1) 570 
Particle density (gcm

-3
) 0.72 

Porosity (%) 26.4 
pH 6.9 
Pore Volume 0.13 

 
The value of 78 and 65.05% fixed carbon were 
obtained from percentage ultimate and proximate 
analysis of activated carbon prepared from velvet 
tamarind fruit shells (Table 1 & 2). [21] prepared 
activated carbon from Euphorbia antiquorum and 
obtained 57.94% fixed carbon. [22] reported 
values ranging from 23.7 to 87.13% within 450 to 
950oC. Carbonization leads to carbon atoms 
rearrangement into graphitic-like structures and 
the pyrolytic decomposition of the precursor and 
non-carbon species elimination, resulting in a 
fixed carbonaceous char produced [23]. Also 
activating agents act as dehydrating agents and 
oxidants which also influence the pyrolytic 
decomposition and prevent the formation of the 
tar or ash, hence developing the carbon yield. 
The combine influence of activation and 
carbonization increases carbon yield. 
 
 As reported in Table 3, the following; 0.51 g/cm3, 
614.7 mg/g, 570 m

2
/g, 26.4% were obtained as 

the values of bulk density, iodine number, 
surface area and porosity for activated carbon 
prepared from Velvet Tamarind shells. The 

values of bulk density, surface area, and iodine 
number were similar to the values obtained by 
[24,26] produced activated carbon from palm 
kernel shell and obtained yields of bulk density of 
0.5048g/cm3, iodine number of 766.99 mgg-1 and 
669.75 m

2
g

-1
 BET surface area. Bulk density is 

the weight per unit volume of dry carbon in a 
packed bed and is 80-85% of the apparent 
density [27]. Higher density provides greater 
volume activity and normally indicates better 
quality activated carbon. [28] in his comparative 
adsorption studies for the removal of copper (II) 
from aqueous solution by different adsorbent 
obtained bulk density values ranging from 0.32 to 
0.62 gcm-3.  Bulk density of 0.48 gcm-3 was 
obtained by [21] and is lower than 0.51 gcm

-2
 

obtained for velvet tamarind shells.  
 
The iodine number value is an indication of 
surface area of the activated carbon [29]. 
Activated carbons with iodine numbers of about 
550 mgg-1 can be attractive for waste water 
treatment from the user’s viewpoint [30]. The 
iodine number values of 614.7 mgg-1 were 
obtained for activated carbon prepared from 
velvet tamarind fruits shells (Table 3). These 
results were within the range of 608 and 746 
mgg-1 obtained by [31]. Analysing the iodine 
number of activated carbon prepared from palm-
oil shell by pyrolysis and steam activation in a 
fixed bed reactor, [25] obtained maximum value 
of 766.99 mgg-1 at 750°C.  According to [13], 
each 1.0 mg of iodine adsorbed is ideally 
considered to represent 1.0 m2 of activated 
carbon internal area. Therefore, the adsorbents 
have enough internal surface area for adsorption. 
 
3.2 Surface Area of Activated Carbons 

from Velvet Tamarind Fruit Shells  
 
Surface area is the carbon particle area available 
for adsorption. In general, the larger the effective 
surface area, the greater is the adsorption 
capacity. A surface area of the activated carbons 
used in this study is as reported in Table 4. 

 
The results indicated that the surface area of 570 
m2g-1 was obtained for velvet tamarind shells 
activated carbon. The specific surface area as 
indicated in Table 4. Further confirmed the 
porous nature of the activated carbons. 
According to [32], an adsorbent with a surface 
area of 500 m2g-1 and above has a well formed 
microporous structures suitable for adsorption. 
According to [31], 95% of the total surface areas 
of a given adsorbent are micropores. [33] stated 
that most widely used commercial activated 
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carbon has surface areas of between 600-1000 
m2g-1. 
 

3.3 Ph of Activated Carbons from Velvet 
Tamarind Fruit Shells  

 
The pH of activated carbon can be defined as the 
pH of a suspension of carbon in distilled water. 
The chemical nature of the carbon surfaces is 
mostly deduced from the acidity or pH of the 
carbon. Table 4 presented the pH of the 
activated carbon prepared from velvet tamarind 
fruits shells as 6.9. The results suggest weakly 
acidic surface properties. Similar results were 
obtained by [34]. [20] obtained pH between 6.4 
and 7.4 for activated carbon prepared from 
bagasse. 
 

3.4 Moisture Content of Activated 
Carbons from Velvet Tamarind Shells 

 
Moisture content was measured from loss of 
water over initial weight of raw materials. Usually 
moisture content decreases as the temperature 
increases. As presented in Table 4, moisture 
content of 3.43% was obtained for the activated 
carbon prepared from Velvet tamarind fruits 
shells. [25] obtained values between 8.35 to 
11.38% for moisture content while [16] obtained 
4.33% in their work. The moisture contents of 
commercial activated carbons ranged between 2- 
10 % [33]. The practical limit for the level of 
moisture content allowed in the activated carbon 
varies within 3 to 6% [6]. The moisture content of 
3.43% obtained for the activated carbon 
prepared from Velvet tamarind fruits shells 
activated carbons therefore fall within the 
practical limit. 
 

3.5 Volatile Matter of Activated Carbons 
from Velvet Tamarind Shells 

 
The values of volatile matter of 27.07% (Table 1) 
was obtained for Velvet tamarind fruit shells 
activated carbons. Lou et al. (1999) studied 
chars prepared from oil palm waste and obtained 
% volatile matter ranging from 74.86 to 4.08% 
between 450 to 950°C. 
 

3.6 Potentiometric Titration Curves of 
Activated Carbons from Velvet 
Tamarind Fruit Shells 

 
Fig. 1 indicate the result of potentiometric curves 
of the activated carbons investigated to 
determine the Point of Zero Charge on the 

surface of the adsorbent. The point of zero 
charge (PZC) is an adsorption phenomenon 
which describes the condition when the electrical 
charge density on a surface is zero. The 
common intersection point of the titration curves 
with the blank is the pH at PZC (pHPZC). From the 
curves (Fig. 1), the pHPZC for activated carbon 
prepared from velvet tamarind shells was 
identified as 5.50. 
 
The titration curve of Velvet tamarind shells is a 
bit steep. This indicates a moderate capacity of 
the shells to take up protons (buffering capacity). 
Therefore, the capacity to take up cationic metals 
by ionic exchange is probably also moderate. 
Any pH above pH(pzc) provide a negatively 
charged surface favourable for adsorption of 
cationic heavy metals from the solution. 
 

3.7 Fourier Transforms Infrared 
Spectrometer (FTIR) Result of 
Activated Carbons from Velvet 
Tamarind  

 
The FTIR spectral of activated carbons prepared 
from velvet tamarind fruit shells were used to 
determine the vibration frequency changes in the 
functional groups on the surface which facilitates 
the adsorption of metal ions. The spectra of the 
activated carbons were measured within the 
range of 400 – 4000cm-1 wave number as shown 
in Fig.  2. 
 

The FTIR analysis result (Fig. 2.) suggest the 
presence of such functional groups as the 
carboxylic acid or alcoholic O-H bond stretching 
which may overlap with amine (N-H) bond 
stretching at peaks between 3250-3400 cm-1; 
possible C=O bond of carbonyl or amide groups 
within 1640-1670 cm

-1
; C-O and O-H bond 

stretching of alcohol and ethers at 1000-1260 
cm

-1
 of the finger-print region (Gimba et al. 

2001). The important parameters that influence 
and determine the adsorption of metal ions from 
aqueous solutions are the carbon-oxygen 
functional groups present on the carbon surface 
and the pH of the solution (Bansal and Goyal, 
2005). 
 

3.8 Column Adsorption Studies of Lead 
(Pb) on Activated carbon Prepared 
from Velvet Tamarind Shells 

 

3.8.1 Effect of bed height 
 

The adsorption of metal ions in the packed bed 
column is largely dependent on the bed height, 
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which is directly proportional to the quantity of 
adsorbent in the column. The effect of bed height 
on breakthrough curve analysis was studied by 
varying the bed height from 5 cm to 15 cm at 
increment of 5cm. The adsorption breakthrough 
curves were obtained by varying the bed heights 
at a flow rate of 1cm3/min and an inlet Pb ions 
concentration of 50 mg/dm

3
. The breakthrough 

curves are presented in Fig. 2. Faster 
breakthrough curves were observed for a bed 
height of 5 cm compared to the bed height of 
10 cm and 15 cm. 
 

As depicted by Fig. 3, the breakthrough time 
varied with bed height. Steeper breakthrough 
curves were achieved with a decrease in bed 
depth. The breakthrough time decreased with a 
decreasing bed depth from 15 to 5 cm, as 
binding sites were restricted at low bed depths. 
At low bed depth, the metal ions do not have 
enough time to diffuse into the surface of the 
adsorbents, and a reduction in breakthrough time 
occurs. Conversely, with an increase in bed 
depth, the residence time of metal ions solution 
inside the column was increased, allowing the 
metal ions to diffuse deeper into the adsorbents. 
 

The results indicate that the throughput volume 
of the aqueous solution increased with increase 
in bed height, due to the availability of more 
number of sorption sites [21]. At higher bed 
depth of 10 cm, adsorbent mass was more 
residing in the column thereby providing larger 
service area for binding, fixation, diffusion and 
permeation of the solute to the adsorbent. 
Longer bed depth also provided more reaction 
area and larger volume of influent treatment 
which translated to higher adsorption capacity. 
 
The equilibrium sorption capacity decreased with 
increase in bed height. This shows that at 
smaller bed height, the effluent adsorbate 
concentration ratio increased more rapidly than 
for a higher bed height. Furthermore, the bed is 
saturated in less time for smaller bed heights. 
The slope of the S-shape from tb to te decreased 
as the bed height increased from 5 to 15 cm, 
indicating the breakthrough curve becomes 
steeper as the bed height decreased. Also the 
breakthrough time (tb) and exhaustion time (te) 
increase with increase in bed depth 
 
3.8.2 Effect of initial metal concentration 

 
A Series of column experiments with different 
metals concentrations namely, 50, 100 and 150 
ppm were conducted to investigate the effect of 

initial metal concentration on the performance of 
the fixed-bed operation.  Fig. 3 presented the 
breakthrough curves for the adsorption of Pb 
onto Velvet tamarind fruit shells activated carbon 
at various initial metal concentrations. 
 
It can be seen from the Fig. 4 that breakthrough 
curves display three important features: An initial 
lag period during which effluent metal ions are 
non-detectable, followed by a rise in 
concentration, and finally a period of slow 
increase in effluent level. It was assumed that the 
breakthrough metal-concentration would be 5% 
of the influent concentration. It is evident that by 
increasing initial metal concentration, the slope of 
the breakthrough curve increased and became 
much steeper, hence reducing the volume which 
can be treated before breakthrough occurred. 
This is due to the fact that by increasing the initial 
metal concentration, the driving forces increases 
which enhance the rate of metal adsorption and 
saturates the binding sites more quickly. This is 
consistent with results of the finding of [35], 
where the authors found that by increasing inlet 
adsorbate concentration, the slope of the 
breakthrough curve increased and the volume 
treated before carbon regeneration reduced. This 
behaviour was attributed to the high 
concentrations which saturated the activated 
carbon more quickly, thereby decreasing the 
breakthrough time. It is also clear from Figs. 1 to 
5 that all the curves exhibit a characteristic “S” 
shape which indicates an effective use of 
adsorbent [36]. 
 

3.8.3 Effect of flow rate on breakthrough 
curves 

 

The adsorption columns were operated with 
different flow rates (1, 3 and 5 cm

3
/min) until no 

further metal ions removal was observed. The 
adsorbent bed height and inlet initial metal ions 
concentration were fixed at 10 cm and 50 
mg/dm

3
, respectively.  The breakthrough curve 

for a column was determined by plotting the ratio 
of the Ce/C0 (Ce and C0 are the metal ions 
concentration of effluent and influent, 
respectively) against time, as shown in Fig. 5. 
The effect of the flow rate on the adsorption of 
Cu, Cd, Pb and Ni are shown as breakthrough 
curves in the figures. It was observed that 
breakthrough generally occurred faster with 
higher flow rate.  The reason is that at higher 
flow rate, the rate of mass transfer increased, 
thus the amount of metal ions adsorbed onto the 
unit bed height (mass transfer zone) increased 
[37]. In addition, the adsorption capacity 



decreases with increase in flow rates due to 
insufficient residence time of the solute in the 
column and lack of diffusion of the solute into the 
pores of the adsorbent, therefore the solute left 
the column before equilibrium occurred. These 
results were in agreement with other findings as 
reported by [38]. 
 

The column performed well at the lowest flo
rate (1cm3/min). Earlier breakthrough and 
exhaustion times were achieved, when the flow 
rate was increased from 1 to 5 cm

3
/min. This was 
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The column performed well at the lowest flow 
/min). Earlier breakthrough and 

exhaustion times were achieved, when the flow 
/min. This was 

due to a decrease in the residence time, which 
restricted the contact of metal ions to the 
adsorbents.  Similar results have been found for 
As (Ⅲ) removal in a fixed-bed system using 
modified calcined bauxite and for color removal 
in a fixed-bed column system using surfactant
modified zeolite [39]. 
 

3.9 Column Kinetic Study 
 

Three models (Thomas model and Yoon
were used to analyze the column performance.
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Fig. 3. Column adsorption of pb(ii) by activated carbon from velvet tamarind   fruits shells at 
different bed height 

 
3.9.1 Thomas model 
 

The model was applied to the experimental data 
with respect to the initial metals concentration, 
flow rate and bed height. The kinetic coefficient, 
kTh and the adsorption capacity of the bed, qo 

were determined from the plot of ln �
��

��
−

1 against t The results of kTh, R
2
 and qo are given 

in Table 4.. The results showed that the kinetic 
coefficient kTh is dependent on flow rate, initial 
ion concentration and bed height. The maximum 
adsorption capacity qo and Kinetic coefficient kTh 
decreased with increase in flow rate but 
increased with increase in bed height and initial 
ion concentration. The values of kTh obtained in 
this work is similar to the ones obtained by [15]. 
High values of regression coefficients were 
obtained indicating that the kinetic data 
conformed well to Thomas model in contrast with 
the report of [40] but in agreement with the 
results obtained by [41]. The trend observed with 
the calculated values of kTh, qo are in agreement. 

 
3.9.2 Yoon and nelson model 
 

This model is based on the assumption that the 
rate of decrease in the probability of adsorption 
for each adsorbate molecule is proportional to 
the probability of adsorbate adsorption and the 
probability of adsorbate breakthrough on the 
adsorbent [42]. The Yoon and Nelson equation 

for single component system is expressed as 
shown in equation 8 [43]: 
 

��
��

�����
= ���� −  τK                                        (8) 

 
Yoon and Nelson model has been used in the 
study of column adsorption kinetics [42,21]. The 
values of the Yoon-Nelson parameters (kyn and 

τ) were determined from the plot of ��
��

�����
 

versus t at various operating conditions (Table 

4). A plot of ��
��

�����
  versus t gives a straight line 

with slope of Kyn, and intercept of –τK. The 
results showed that the rate constant, Kyn 
increased with increased inlet ions concentration, 
flow rate and bed height. The time required for 
50% breakthrough, τ decreased with increase in 
flow rate and initial ion concentration. High 
values of correlation coefficients obtained 
indicate that Yoon and Nelson model fitted well 
to the experimental data and can be used to 
describe the Cd(II), Cu(II), Pb(II) and Ni(II)-Velvet 
Tamarind shell and Cd(II), Cu(II), Pb(II) and  
Ni(II) – Sandal fruit shell biosorption system. 

 
3.9.3 Lead uptake in the column at different 

operating parameters 
 

This study showed that the sorption uptake 
capacity of the column Pb 1.73 mg g-1  for velvet 
tamarind   fruit shells activated carbon as shown 
in Table 5. The increased capacity of the column 
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method is largely due to the continuous 
increased concentration gradient in the interface 
of the adsorption zone as it passes through the 
column, whereas the gradient concentration 
decreases with time in batch systems [44,45]. 
 
A characterisation study on the Velvet Tamarind 
shells prior to biosorption showed that hydroxyl 
and carboxylic functional groups were present 

and might be involved in the removal of metal 
ions from aqueous solutions by this biosorbent, 
besides micro precipitation and electrostatic 
attraction forces. The results obtained by [44] for 
Ni(II), Cd(II), Zn(II) and Pb(II) ions using H2SO4 
treated  coconut shell suggest that a lower pH of 
6 is required for optimal removal of the studied 
metals, similar to the pH of 6 ± 0.2 used in this 
study.

 

 
 

Fig. 4. Column adsorption of pb(ii) by activated carbon from velvet tamarind fruit shells at 
different initial concentration 
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Fig. 5. Column adsorption of Pb(II) by activated carbon from velvet tamarind fruits shell 
activated carbon at different flow rate 
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Table 4. Column kinetic parameters for Pb ions adsorption on activated carbon from velvet tamarind fruit shells 
 

 Initial ion concentration(mg/dm3)     Flow rates in cm3/min      Bed height (cm) 
 50 100 150 1 3 5 5 10 15 
Thomas          
KTh (cm3/min/mg) X10-3 2.40 7.20 2.30 0. 34 0. 38 0. 64 0. 24 0. 42 0. 42 
qo (mg/g) 1.20 1.93 2.80 0.71 0.38 2.10 1.00 1.20 1.80 
R

2
 0.98 0.97 0.95 0.98 0.99 0.98 0.96 0.95 0.99 

Yoon & Nelson          
Kyn (min

-1
) 1.00 1.40 2.00 1.60 2.00 2.50 1.90 1.90 3.10 

X10-2          
ῐ (min) 251.00 205.00 125.00 173.00 167.00 126.00 125.00 150.00 194.00 
R

2
 0.95 0.99 0.94 0.97 0.99 0.94 0.97 0.99 0.97 

 
Table 5. Uptake of PbII) by activated carbon from velvet tamarind fruit shells at different flow rates 

 
 Z (cm) Q (cm3min-1) C0 (mg dm-3)

 Veff (cm3) qtotal (mg) qe(exp) (mgg-1) Zm (cm) 
Vt 10.00 1.00 50.00 1191.00 1.79 1.73 6.40 
 10.00 3.00 50.00 882.00 0.44 1.64 7.95 
 10.00 5.00 50.00 300.00 0.30 0.54 5.50 
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4. CONCLUSION 
 

i. The experimental data revealed that an 
increase in bed height and initial metal 
concentration or a decrease of flow rate 
enhances the longevity of column 
performance by increasing both 
breakthrough time and exhaustion time 
thereby delaying bed saturation. 

ii. The design of a continuous fixed bed 
column for removal of metal ions by velvet 
tamarind and sandal fruit shells activated 
carbons can be achieved using the BDST, 
Yoon-Nelson and Thomas models. 

iii. The FTIR analysis results suggested the 
presence of functional groups such as 
hydroxyl, carbonyl, carboxyl and amine 
which could bind the metals and remove 
them from the solution.  

iv. The values of moisture content, volatile 
matter, fixed carbon and ash content as 
obtained from % proximate analysis are 
3.43, 27.07, 65.05, 4.45 for activated 
carbons prepared from velvet tamarind 
shells. 

v.  Ultimate analysis revealed that activated 
carbons prepared from velvet tamarind 
shells contained 75% carbon. 
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