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Abstract

The objective of this study was to produce activated carbon from rubber seed pericarp and to
evaluate its performance with commercial activated carbon in the treatment of abattoir wastewater
as well as its potential in the adsorption of iron (III) ions from aqueous solution. The rubber seed
pericarp was carbonized at 400�and activated with zinc chloride at 800� to produce Rubber Seed
Pericarp Activated Carbon (RSPAC). The results indicated that the treatment efficiency of RSPAC
was about 40 - 99% as that of the commercially supplied activated carbon. From the iron (III)
batch adsorption studies, the experimental batch equilibrium data was correlated by Freundlich,
Langmuir and Temkin isotherms. The Langmuir isotherm model provided the best correlation of
the experimental data while the Lagergren pseudo-first order kinetic equations could describe the
adsorption kinetics very well. Thus, it was implied that RSPAC may be suitable as adsorbent
material for wastewater treatment.

Keywords: abattoir waste water, activated carbon, adsorption isotherms, iron (III) chloride, lagergren equations,
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1. Introduction

The presence of organic chemicals and heavy metal
ions in aquatic systems as a result of the discharge
of domestic and industrial wastewaters poses a major
threat to the environment, due to their acute toxic-
ity to many life forms [1]. The continuous drive to
increase meat production for the protein needs of the
ever increasing world population has led to increase in
the rearing of cows, goats, sheeps and pigs as well as
increase in the number of small and large scale slaugh-
ter (abattoir) houses and meat processing industries.
In many countries, pollution arises from activities in
meat production as a result of failure in adhering to
Good Manufacturing Practices (GMP) and Good Hy-
giene Practices (GHP) [2]. The abattoir uses large
quantities of water and generates equally large quanti-
ties of biodegradable organic wastewater with medium
to high strength, containing large amounts of fats, oil,
grease, blood, urine, manure, hair, grit, meat tissue,

suspended particles of semi-digested and undigested
food within the stomach and intestine of slaughtered
animal; thereby contributing to the pollutant load of
water bodies [3 5]. Abattoir wastewaters generated in
small abattoirs in Nigeria are usually discharged into
the nearby drains which carry the city sewage without
any adequate treatment causing a serious and delete-
rious threat to human health and also to the surface
water quality. In addition, iron ions are attracting
wide attention of researchers as one of the heavy met-
als found in ground and industrial waters and become
toxic at high level which causes environmental and hu-
man health problems [1]. However, the ever increasing
demand for water has caused considerable attention to
be focused towards recovery and re-use of waste wa-
ters [6] and contaminated water. Generally, there are
various technological methods that exist for removing
organic chemicals and heavy metal ions from water
and wastewater including supercritical fluid extrac-
tion [7], bioremediation [8], catalytic wet oxidation [9]
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and adsorption [10].
Adsorption on activated carbon is one of the most

efficient techniques used in water treatment process
for the removal of organics and micro pollutants from
wastes and drinking waters [11]. Adsorption processes
have long been used in the removal of colour, odour,
organic and inorganic pollutants [12 - 13]. These pro-
cesses are usually based on the use of activated carbon
[11]. Activated carbon has been reported to have high
and fast adsorption capacities [14] due to its well de-
veloped porous structure, high surface area and high
degree of surface reactivity [15].However, because of
high cost of commercial activated carbon, its use in
the field is sometimes restricted on economical consid-
erations especially in developing countries like Nige-
ria. As such, attempts have been made by different
researchers to develop alternative adsorbents prefer-
ably of low cost for the removal of pollutants. Both
industrial wastes as well as natural agricultural bye-
products such as fly ash, corncob wastes, spent bleach-
ing earth, apricot stone shells, rubber seed coat, waste
tyre rubber, rice husk, groundnut husk, fertilizer waste
slurry, coconut husk, peanut null, moringa oleifera
seed husk and saw dust [16 - 20] have been utilized
for this purpose. Reports from literature have shown
that the composition of agricultural bye-products has
a strong influence on the final porous and chemical
features of the solid products obtained from pyrolysis
and carbon activation [21 - 22]. Cabal et al. [22] have
reported that high contents of cellulose in agricultural
bye-products yield predominantly microporous mate-
rials, whereas high content of lignin favour the devel-
opment of a macroporous structure when converted
to carbonaceous adsorbents. It has also been reported
from earlier works that adsorbents obtained from agri-
cultural by-products need further modifications as to
increase the active binding surfaces and to make them
readily available for sorption [23 - 24]. It is stated
that these modifications involves pretreatment with
chemicals like HCl, H2SO4, ZnCl2, H3PO4, alkaline
hydroxides and physical pretreatment using steam or
carbon dioxide to remove surface impurities on the
adsorbents and expose the available binding sites for
pollutant adsorption [23 - 25]. A survey of literature
reveals that although a large number of alternative ad-
sorbents have been studied to replace activated car-
bons, the results have been very promising [22, 26–
28]. Mohammed, et al. [26] studied the adsorption
of phenol from aqueous solution using local granular
activated carbon produced from palm date pits and
compared it to a commercial activated carbon sam-
ple (Filtrasorb-400). They observed that the locally
prepared activated carbon from palm date pits was
more efficient in phenol adsorption than the commer-
cial sample. Also, Amuda and Ibrahim [27] compared
the adsorption efficiency of coconut shell-based gran-
ular activated carbon with the adsorption efficiency

of commercial carbon, (Calgon carbon F-300), with
respect to organic matter from a beverage industrial
wastewater. Their studies revealed that the acid acti-
vated coconut shell carbon had higher adsorption for
organic matter than calgon carbon (F-300) at all car-
bon dosages used.

However, some of the adsorbents studied have poor
capacity as compared to activated carbons and are
also not versatile in adsorbing different types of pollu-
tants. Furthermore, some of the adsorbents developed
are not really low cost materials to permit widespread
use. Therefore, efforts are still needed to produce
low cost adsorbents that have high adsorption capac-
ity. More also, the treatment of abattoir wastewater
using biological methods such as anaerobic digestion
has been mostly reported [29, 30]. However, there
is a dearth of information on the physical treatment
of abattoir wastewater using the adsorption technol-
ogy. Thus, this study was undertaken with the aim to
study the adsorption behaviour of prepared activated
carbon from the pericarp of rubber fruit which has
not been reported for the treatment of abattoir waste
water and the removal of iron (III) ions from aqueous
solutions.

2. Materials and Method

2.1. Materials

Abattoir wastewaters were obtained from two dif-
ferent sources; Atenda Slaughter House located along
Atenda Road in Ogbomoso, Oyo State, Nigeria and
Ewah Slaughter House along Ewah Road, Off Ikpoba
Slope, Benin-City, Edo State, Nigeria. Pericarp of
rubber fruit obtained from a rubber factory in Sapele,
Nigeria. Alls reagents used in the present study were
of analytical grade. These include potassium iodide
and sodium thiosulphate used for iodine number de-
termination;

2.2. Method

2.2.1. Preparation of activated carbonaceous adsor-
bent

The starting raw material, pericarp of rubber fruit
(agricultural by-product) was sun dried and cut into
pieces. It was then placed in a stainless steel container
with a cover and put in a furnace. The sample was
heated at 400� for a period of 3h. After the pyrolysis,
the pyrolysed sample (residual char) was allowed to
cool and washed with deionized water to remove any
left impurities. The washed residual char was dried
in an oven at 110� for 1h. The next step was the
chemical activation. This was done by mixing 100g
of the residual charcoal with 200ml of zinc chloride
and left for 48h. After decantation, the sample was
pyrolysed at 800� for 3h in a furnace. The obtained
activated carbon was allowed to cool and then washed
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with HCl and deionized water. It was then dried in
an oven at 110� for 3h.

2.2.2. Particle sizing of adsorbent

The activated carbon was grounded into powder
form and passed through different standard sieves and
fractions corresponding to 100 – 150 mesh (i.e. 0.099
– 0.149 mm) and 200 – 250 mesh (0.058 – 0.074 mm)
were collected and stored in a dessicator.

2.2.3. Characterization of the prepared adsorbents

The carbonaceous adsorbents were characterized for
iodine number in accordance with ASTM [31] and
surface area determined by nitrogen gas adsorption
method with a surface area measuring instrument,
Gemini 2375 (Micrometrics). The iodine number gives
an indication of the adsorption capacity of activated
carbon in microspores (that is, an indication of poros-
ity) [16]. For the determination of iodine number, 0.1
g of the sample was taken into a 250 ml conical flask.
About 10 ml 0.05 M iodine solution in aqueous potas-
sium iodide was added into the flask. After 1 h, the
solid mass was separated by centrifuging the mixture
and the residual iodine in solution was titrated using
0.1 M sodium thiosulphate solution. The iodine num-
ber was calculated as mg of iodine adsorbed by one
gram of activated carbon. The samples of carbona-
ceous adsorbent were tested for pH by stirring with
deionized water for 2 h and left for 24 h after which
the pH of the water was taken.

2.2.4. Characterization of the abattoir wastewater

The physical and chemical parameters of the
wastewater were analyzed and determined in tripli-
cates for pH, chemical oxygen demand (COD), bio-
chemical oxygen demand (BOD), total solids (TS),
total suspended solids (TSS), total dissolved solids
(TDS), iron, sulphate and nitrate using standard
methods [32].

2.2.5. Adsorption efficiency of prepared adsorbents

To assess the effect of the Rubber Seed Pericarp Ac-
tivated Carbon (RSPAC) on the physical and chemi-
cal parameters of the wastewater (that is treatment),
3g of RSPAC was added to 20ml of the wastewater
in a conical flask. The conical flask was corked and
thoroughly agitated on a magnetic stirrer for 4h. This
procedure was repeated for the commercially supplied
activated carbon (CSAC).

2.2.6. Batch adsorption studies

The RSPAC was used to study the adsorption of
iron (III) ions. The adsorption equilibrium study of
iron ions was carried out in a 250 ml-corked flask by
adding 3g of RSPAC (with particle size of 0.099 –
0.149 mm) to 20ml of iron (III) chloride (FeCl3) so-
lution. The concentrations of iron (III) in the FeCl3

solution were varied in the range of 50 to 200mg/l. All
the experiments were done at room temperature. Af-
ter thorough agitation or shaking for 4h on a magnetic
stirrer, contents were filtered and the filtrate was an-
alyzed for iron (III) ions using an automated spectro-
analytical instrument that employs the inductively
coupled plasma atomic emission spectroscopy concept.
The same procedure was repeated for RSPAC with
particle size of 0.058 – 0.074 mm and an adsorbent
dosage that varied from 1 to 10g, respectively. The
amount of iron (III) adsorbed at equilibrium, (mg/g)
was calculated according to Equation (1) [33]:

qe =
(Co − Ce)V

W
(1)

Where C0 and Ce (mg/l) are the initial and final (equi-
librium) concentrations of iron (III) in waste water. V
(ml) is the volume of the waste water and W (g) is
the mass of dry adsorbent used.

2.2.7. Batch kinetic studies

The batch kinetic experiments were basically iden-
tical to those of adsorption equilibrium methods. The
aqueous samples were taken at time intervals of 10
min and the concentrations of iron (III) ions were sim-
ilarly measured. All the kinetic experiments were car-
ried out at 30� at an initial concentration of 50, 75,
100, 125, 150, 175 and 200 mg/l. The amount of iron
(III) adsorbed at time t, qt was calculated according
to Equation (2) [34]:

qt =
(Co − Ct)V

W
(2)

Where Ct is the concentration of iron (III) in waste
water at time t. The percentage of iron (III) ions
removal was calculated using Equation (3) [35]:

Removal (%) =
Co − Ct

Co
× 100 (3)

3. Results and Discussion

3.1. Characterization of the rubber seed peri-
carp activated carbon

The characterization of RSPAC shows that it has
an iodine number of 1275m2/g and a surface area of
1495m2/g. The value of iodine number for RSPAC re-
vealed that the adsorbent is significantly porous and
this porosity imparts a higher surface area to the ad-
sorbents which was confirmed by the high surface area
value obtained. The interaction of RSPAC with deion-
ized water showed that pH of the water was lowered,
which indicates that the prepared carbonaceous adsor-
bent comes under ‘L’ type carbon according to Steen-
berg Mattson classification (No.7).
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Table 1: Physical and chemical characteristics of abattoir
waste water from Benin and Ogbomoso source in comparison
with FEPA and W.H.O standards. (TSS = Total Suspended
Solids, TDS = Total Dissolved Solids, BOD = Biological Oxy-
gen Demand, COD = Chemical Oxygen Demand. N/A = Not
Available)

Parameters Benin
Source

Ogbomoso
Source

FEPA W.H.O

pH 7.7 8.5 6-7 N/A
Iron (mg/l) 50 125 20 0.3
Sulphate
(mg/l)

615 1054 500 250

Nitrate
(mg/l)

50.3 120.5 20 50

TSS (mg/l) 2991 3900 30 N/A
TDS (mg/l) 2480 3496 2000 1000
BOD (mg/l) 57 152 30 N/A
COD (mg/l) 615 1054 N/A N/A

3.2. Characterization of the abattoir wastewa-
ter

Table 1 show the characteristic results of the pre-
treated abattoir wastewater in comparison to Federal
Environmental Protection Agency (FEPA) [36] and
World Health Organization (W.H.O) [37] permissible
limit in surface and ground water. The strength of an
effluent is quantified by its Biological Oxygen Demand
(BOD) and it’s Chemical Oxygen Demand (COD) [3].
The results revealed that the physicochemical parame-
ters of the abattoir waste water from Benin and Ogbo-
moso source have higher values than the permissible
limit for surface waters as given by FEPA [36] and
W.H.O [37]. However, the physicochemical parame-
ters of abattoir waste waters from Ogbomoso source
are greater than that from Benin source. The high
level of these parameters in water bodies makes them
toxic to both aquatic and human life.

3.3. Effect of adsorbent on the physicochemi-
cal parameters of abattoir wastewater

Table 2 shows the effect of RSPAC and CSAC on the
physicochemical parameters of the abattoir wastewa-
ter and the adsorption efficiency of RSPAC in com-
parison with CSAC (post-treated waste water). It was
observed that both the RSPAC and CSAC were able
to reduce the physicochemical parameters to or be-
low the permissible level required for surface waters.
The results also indicate that RSPAC is 40 - 99% as
efficient as CSAC. Therefore, RSPAC was used for
subsequent studies.

3.4. Effect of contact time and concentration

To determine equilibrium time for the maximum
uptake of iron (III) ions, their adsorption at fixed con-
centration on RSPAC was studied as a function of time
and the results are shown in Figure 1. It was observed

that the rate of iron (III) uptake was rapid in the be-
ginning and that half of the ultimate adsorption was
completed in less than an hour. Also, it was observed
that the time required for equilibrium adsorption is
1h. The effect of initial iron (III) concentrations on
equilibrium time at different concentrations was also
investigated and the result shown in Figure 1. The
plots showed that time of equilibrium as well as time
required to achieve a definite fraction of equilibrium
adsorption was independent of initial concentration.
This observation was also made by Ajay et al. [19]
when they studied the kinetics of phenol adsorption
on powdered activated carbon. The adsorption ca-
pacity at equilibrium increased with increase in initial
iron (III) ions concentration (Figure 1). This is due
to increasing concentration gradient which acts as in-
creasing driving force to overcome the resistances to
mass transfer of iron (III) ions between the aqueous
phase and the solid phase [38]. Similar results were
obtained in the adsorption of lead, nickel and cad-
mium ions onto tea waste [39] and the adsorption of
lead ions onto calcareous soil [40]. However, the per-
centage removal of iron (III) ions decreased with the
increment of the initial concentration. This observa-
tion is due to the fact that all adsorbent have a limited
number of active sites and at a certain concentration
the active sites become saturated [41].

3.5. Effect of particle size

Figure 2 shows the effect of particle size on the ad-
sorption of iron (III) ions from aqueous solutions. It
was found that the adsorption capacity increased to
some extent with a decrease in particle size of the ad-
sorbent. This could be due to substantial increase in
surface area and larger pore volume. The access to all
pores is facilitated as particle size becomes smaller.
Similar results were obtained by Rao et al.[42], and
Ajay et al [19]. Also, on each isotherm the amount of
iron (III) ions adsorbed increased with feed concen-
tration and leveled off at higher concentration.

3.6. Effect of adsorbent dosage

The effect of adsorbent dosage on iron (III) ions
adsorption was investigated as shown in Figure 3. It
could be seen that the percent removal of iron (III)
ions increases with the increase in the amount of ad-
sorbent. This kind of a trend is mostly attributed
to an increase in the adsorptive surface area and the
availability of more active binding sites on the sur-
face of the adsorbent [40, 42]. Similar results were
obtained by Ananadurai et al. [6] and Annadurai
and Kritshnan [44] owing to increase in the number
of sites.

3.7. Adsorption isotherms

An adsorption isotherm represents the equilibrium
relationship between the adsorbate concentration in
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Table 2: Characteristics of Abattoir Wastewater before and after Treatment with RSPAC and CSAC. (% RE = Percent reduction
(or removal))

BENIN SOURCE OGBOMOSO SOURCE
Parameters CSAC % RE RSPAC % RE CSAC % RE RSPAC % RE
pH 6.5 16 6.7 13 6.5 24 6.7 21
Iron 6.0 88 6.3 87.4 13.2 89 13.6 89
Sulphate 214 65 215 65 366.8 65 368 65
Nitrate 8.5 83 8.9 82 19.8 84 20 83
TSS 20 99 18.8 99 25.8 99 24.8 99
TDS 1380 44 1403 43 1945 44 1969 44
BOD I5 68 17.5 69 48 68 47.2 69
COD 32 95 33.5 95 80 92 81.7 92
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Figure 1: Effect of Contact Time and Initial Iron (III) ions Concentration on the Adsorption of Iron (III) ion onto Rubber Seed
Pericarp Activated Carbon.
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Figure 2: Effect of Adsorbent Particle Size on the Adsorption of Iron (III) onto Rubber Seed Pericarp Activated Carbon.
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Figure 3: Effect of Adsorbent Dosage on the Adsorption of Iron (III) ions onto Rubber Seed Pericarp Activated Carbon.

the liquid phase and that on the adsorbents surface at
a given condition. A number of isotherms have been
developed to describe equilibrium relationships. In
the present study, Langmuir, Freundlich and Temkin
models were used to describe the equilibrium data.
The results are shown in Table 3 and the modeled
isotherms are plotted in Figure 4.

3.7.1. Langmuir isotherm

Langmuir isotherm model [45] is as given in Equa-
tion (4):

qe =
KaCe

1 + aCe
(4)

Where qe is the amount adsorbed at equilibrium con-
centration, K is the Langmuir constant. K is a mea-
sure of the amount of ions adsorbed when saturation
is attained (i.e. related to the maximum monolayer
capacity), “a” is the Langmuir constant related to the
energy of adsorption, and Ce is the equilibrium liq-
uid phase solute concentration. Langmuir equation
is valid for monolayer sorption unto a surface with
a finite number of identical sites which are homoge-
neously distributed over the sorbent surface [25]. The
basic assumption of Langmuir model is that sorption
takes place at specific sites within the adsorbent. The-
oretically, therefore, a saturation value is reached be-
yond which no further sorption can take place. A plot
of 1/qe versus 1/Ce resulted in a linear graphical rela-
tion indicating the application of the above model as
shown in Figure 4.

The values of K and a have been evaluated from
the intercept and slope of these plots representing the
different particles sizes, and are given in Table 3. It

can be observed that the monolayer capacity (K) of
the adsorbent for iron (III) ions is comparable to the
maximum adsorption obtained. It can be explained
apparently that when a > 0, sorption system is favor-
able (Chen et al., 2008). In this study, a was found
to be 0.0033 l/mg and the maximum monolayer ad-
sorption capacity (K) was obtained to be 25 mg/g
for iron (III) ions adsorption onto RSPAC with parti-
cle size of 0.099-0.149 mm, while a and K are 0.0063
l/mg and 50 mg/g, respectively, for the adsorption
of iron (III) onto RSPAC of 0.058-0.074 mm particle
size. Therefore, the values of K and a show that as
the particles size decreases, the removal of iron (III)
ions increases which is due to larger surface area as-
sociated with small particles. For larger particles the
diffusion resistance to mass transport is higher and
most of the internal surface of the particle may not
be utilized and consequently the amount of iron (III)
ions adsorbed is small [46]. From previous studies
of iron (III) adsorption onto other adsorbents in the
literature, Sirichote et al. [47] obtained 12.35 mg/g,
26.65 mg/g and 42.9 mg/g as the maximum monolayer
adsorption capacity of activated carbon derived from
coconut shell, pericarp of rubber fruit and bagasse,
respectively. Ngah et al. [48] and Karthikeyon and
Ilango [49] have correspondingly reported a value of
90.09 mg/g and 1.18 mg/g as the maximum adsorp-
tion capacity of chitosan beads and activated carbon
derived from Recinius Communis Linn, respectively.
While Abassi et al. [51] reported a negative value of
– 16.35 mg/g as the maximum adsorption capacity of
raphia palm fruit endocarp. Moreover, it is also clear
from the shape of the adsorption isotherm that it be-
longs to the L2 category of isotherm, which indicates
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Figure 4: Langmuir isotherm fitted to the batch adsorption data obtained for iron (III) ions adsorption onto rubber seed pericarp
activated carbon.

the normal or Langmuir type of adsorption [50]. L2
shape of isotherm observed in the present case clearly
implies that iron (III) ions must be strongly attached
to pericarp of rubber seed generated activated carbon.
The essential characteristics of Langmuir isotherms
can be described by a separation factor [15], which
is defined by Equation (5):

RL =
1

(1 + aCo)
(5)

Where Co is the initial iron (III) ions concentration.
The separation factor (RL) indicates the isotherm
shape as follows:RL > 1 unfavourable, RL = 1 lin-
ear, 0 < RL < 1 favourable and RL = 0 irreversible.
For this experiment, the values of RL less than one
are given in Table 4 indicating favourable adsorption.

3.7.2. Freundlich isotherm

The Freundlich isotherm model [52] is given in
Equation (6):

qe = KfC
1/n
e (6)

Where Kf and n are Freundlich constants. Kf

is roughly an indicator of the adsorption capacity
(mg/g) and n is the adsorption intensity. The Fre-
undlich isotherm is used for non-ideal adsorption on
heterogeneous surface energy systems [6]. It suggests
that binding sites are not equivalent and/or indepen-
dent. McKay et al. [53] and Annadurai et al. [54] have
stated that the magnitude of the exponent 1/n gives
an indication of the favourability and capacity of the
adsorbent/adsorbate system. Values n > 1 represent
favourable adsorption conditions according to Treybal

[55]. In most cases, the exponent between 1 < n < 10
shows beneficial adsorption. Kf and 1/n were deter-
mined from the linear plot of log qe vs logCe as shown
in Figure 5.

The evaluated constants are given in Table 3. In
this study, Kf and 1/n were found to be 0.431 mg/g
and 0.833, respectively for iron (III) adsorption onto
RSPAC with particle size of 0.058-0.074 mm while Kf

and 1/n were 0.084 mg/g and 0.973, respectively, for
the adsorption of iron (III) onto RSPAC of particle
size, 0.099-0.149 mm. This indicates that (Kf ) de-
creased with increase in adsorbent particle size. Thus,
n value is 1.03 and 1.20 for adsorbent particle size of
0.099-0.149 and 0.058-0.074 mm, respectively. From
other studies in the literature, the value of Kf : n
obtained for the adsorption of iron (III) ions onto
other adsorbents are: 55.3:3.32 for chitosan beads [48],
3.71:1.35 for activated carbon derived from Recinius
communis Linn [49] and 3.98:0.690 for raphia palm
fruit endocarp [51].

3.7.3. Temkin isotherm

Temkin isotherm model [56] was also used to fit
the experimental data. Unlike the Langmuir and Fre-
undlich equation, the Temkin isotherm takes into ac-
count the interactions between adsorbents and organic
chemicals to be adsorbed and is based on the assump-
tion that the free energy of sorption is a function of
the surface coverage [57]. Temkin model is given in
Equation (7):

qe =
RT

bT
ln(ACe) (7)
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Figure 5: Freundlich isotherm fitted to the batch adsorption data obtained for iron (III) ions adsorption onto rubber seed pericarp
activated carbon.

The linear form of the Temkin isotherm is represented
as:

qe = B lnA + B lnCe (8)

Where Ce is concentration of the sorbate at equilib-
rium (mg/l), qe is the amount of sorbate adsorbed
at equilibrium (mg/g), RT/bT = B where T is the
temperature (K), and R is the ideal gas constant
(8.314 × 10−3 KJ mol−1 K−1) and A and bT are con-
stants. A linear plot of qe vs lnCe (Figure 6) enables
the determination of constants A and B. The con-
stant B is related to the heat of adsorption and A is
the equilibrium binding constant (l/min) correspond-
ing to the maximum binding energy. The values of
A, B and bT are given in Table 3. The lower values
of bT (¡ 8 KJ/mol) indicate that the interaction be-
tween iron (III) ions and RSPAC was weak. Hence,
the adsorption process of iron (III) onto RSPAC can
be expressed as physisorptions as indicated by the
value of bT (= 1.66 kJ/mol) for iron (III) adsorption
onto RSPAC with 0.099-0.149 mm particle size, and
bT (= 1.08 kJ/mol) for the adsorption of iron (III)
onto RSPAC of particle size, 0.058-0.074 mm).

Generally, all the tested isotherm models fitted well
to the equilibrium adsorption experimental data with
high correlation coefficient, however, the Langmuir
isotherm model provided the best fit with a higher
correlation coefficient (R2 = 0.993) to describe the
adsorption process. A similar observation has been
reported for the adsorption of iron (III) ions onto ac-
tivated carbon derived from coconut shell [58], acti-
vated carbon obtained from Recinius Communis Linn
[49] and chitosan beads [48].

Table 4: Langmuir Isotherm with Separation Factor (RL) at
Different Particle Sizes.

Initial Iron (III) Particle Size (mm)
Concentration (mg/1) 0.099-0.149 0.058-0.074
50 0.8584 0.7605
75 0.8013 0.6791
100 0.7519 0.6135
125 0.7080 0.5594
150 0.6689 0.5141
175 0.6337 0.4756
200 0.6024 0.4425

3.7.4. Kinetics of adsorption

The kinetics of adsorption is important from the
point of view that it controls the process efficiency.
Various adsorption kinetic models such as Lagergren
pseudo first-order, pseudo second-order and intra par-
ticle diffusion have been used by different workers [50,
59] to elucidate the mechanism by which pollutants
are adsorbed. Different adsorption systems conform
to different adsorption kinetic models.

3.7.5. Lagergren pseudo first-order kinetic model

The Lagergren rate equation [60] is the most widely
used [59] for the adsorption of a solute from a liquid
solution. Thus for the first order equation is given In
Equation (9):

log(qe − qt) = log qe −
k1

2.303
t (9)

Where qe and qt are amounts of iron (III) ions ad-
sorbed (mg/g) at equilibrium and at time t respec-
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Figure 6: Temkin isotherm fitted to the batch adsorption data obtained for iron (III) ions adsorption onto rubber seed pericarp
activated carbon.

Table 3: Langmuir, Freundlich and Temkin constants at different particle sizes.

Particle size Langmuir Freundlich Temkin
(mm) K (mg/g) a (l/mg) R2 Kf (mg/g) 1/n R2 A B bT R2

0.058 – 0.074 50 0.0063 0.975 0.431 0.833 0.935 0.383 2.34 1.08 0.956
0.099 – 0.149 25 0.0033 0.993 0.084 0.973 0.988 0.152 1.52 1.66 0.911

tively, and k1 (the first order rate constant) was ap-
plied to the present studies. As such, the values of
log(qe − qt) were calculated from the kinetic data of
Figure 1 and plotted against time as shown in Figure
7. A linear relationship observed in the semi-log plot
is indicating the applicability of the above equation
and the first order of the process. The first order rate
constants calculated from the plots are given in Table
5.

3.7.6. Pseudo second-order kinetic model

The pseudo-second- order kinetic model which is
based on the assumption that chemisorption is the
rate-determining step and can be expressed as in
Equation (10) [35]:

t

qt
=

1

k2q2e
+

t

qe
(10)

Where k2 is the rate constant of second order adsorp-
tion (g/mg/min). Values of k2 and qe were calculated
from the plots of t/qt vs. t as shown in Figure 8 for
two different initial concentrations.

The respective constant values are given in Table 5.

3.7.7. Intra particle diffusion model

The intra particle diffusion kinetic model [61] can
be written as presented in Equation (11):

qt = Kpt
1/2 + C (11)

Where Kp is the intra particle diffusion rate constant
(mg/g min−) and C is the intercept.

The intercept of the plot reflects the boundary layer
effect. Larger the intercept, greater is the contribution
of the surface sorption in the rate controlling step. In-
tra particle diffusion is the sole rate-limiting step if the
regression of qt vs t1/2 is linear and passes through the
origin [61]. In fact, the linear plots at each concentra-
tion (Figure 9) did not pass through the origin. This
deviation from the origin is due to difference in the
rate of mass transfer in the initial and final stages of
the adsorption. This indicated the existence of some
boundary layer effect and further showed that intra
particle diffusion was not the only rate limiting step.
The calculated diffusion coefficient values are listed
in Table 5. The Kp value increased with increase in
initial iron (III) concentration.

Generally, all the tested adsorption kinetic models
fitted well to the adsorption kinetic data with high cor-
relation coefficient at different initial iron (III) concen-
trations; however, the Lagergren first-order gave the
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Figure 7: Lagergren first-order kinetic model fitted to the batch adsorption data obtained for iron (III) adsorption onto rubber
seed pericarp activated carbon.�
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Figure 8: Pseudo second-order kinetic model fitted to the batch adsorption data obtained for iron (III) adsorption onto rubber seed
pericarp activated carbon.
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Figure 9: Intra particle diffusion model fitted to the batch adsorption data obtained for iron (III) adsorption onto rubber seed
pericarp activated carbon.
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Table 5: Lagergren pseudo first-order, pseudo second-order
and intra particle constants with correlation coefficient at dif-
ferent initial iron (III) ions concentration.

Adsorption Kinetic
Model

Initial Iron (III) ions
Concentration (mg/l)
50 125

Lagergren Pseudo First-
Order: k1 (min−1) (mg/g)

0.032 0.044

qe 1.545 3.540
R2 0.997 0.996

Pseudo Second-Order: k2
(g/mg min−1)

0.024 0.019

qe (mg/g) 1.972 4.464
R2 0.886 0.960

Intra particle Diffusion:
Kp (mg/gmin−1/2)

0.193 0.458

C - 0.043 0.207
R2 0.984 0.967

best fit with higher correlation coefficient to describe
the adsorption behaviour of iron (III) onto RSPAC.

4. Conclusions

The use of activated carbon from the pericarp of
rubber seed as adsorbent material for wastewater
treatment has been demonstrated to be feasible in this
study. The physicochemical analysis of the abattoir
wastewaters has revealed the gross pollution activi-
ties of the abattoir industry or slaughter house, hence
the need for their generated wastewater to be treated.
The indigenous prepared activated carbon has demon-
strated that it can reduce or remove contaminants
from wastewaters as effectively as commercially sup-
plied activated carbon; hence the dependence on im-
ported activated carbon can be discouraged, so as
to conserve foreign exchange. Langmuir adsorption
model could be used to describe iron (III) ions sorp-
tion equilibrium and the kinetic data of adsorption
gave a better fit. The treatment is simple and eco-
nomic. The kinetic data generated may be used for
designing a treatment plant for iron effluents where a
continuous removal or collection can be achieved on
large scale.
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