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Abstract—Cupper ions occur naturally in the
environment and also prevalent in the waste from
metal smelting industries through which it gets to
the environment. Excessive intake of cupper
results to adverse health effects on plant, animals
and humans. The present study therefore studied
the Adsorption of Cupper (II) ion on three
activated bio-adsorbents; Unripe plantain peel,
pineapple peel and commercial activated carbon.
The activated carbons were characterized for
surface morphology and functional groups for
removal of Cupper (II) ion from aqueous solution.
Batch process was adopted to study the time,
temperature effect and isotherm equilibrium of
Cupper (II) ion on. Adsorption of Cupper (II) ion on
the three adsorbents got to equilibrium at between
80-100 minutes. Adsorption capacity of the three
adsorbent was in this order at all temperature
values; Unripe plantain peel greater than
pineapple peel and greater than commercial
activated carbon. Adsorption of Cupper ion
increased with temperature, adsorption got to its
plateau at 45oC and began to decrease.
Langumuir-freunlich and Dubini-Radushkevich
models were applied to analyze the Isotherm data.
Langumuir-freunlich described the data better
than Dubini-Radushkevich. Also, Pseudo-firstorder, pseudo-second-order, and intra-particle
diffusion models were applied to test the kinetic
data, pseudo-second-order fitted the data better
than pseudo-first order. Pore-pore particle
diffusion was observed to be the controlling step.
Endothermic and non- spontaneous processes
characterized Cupper ion adsorption on the three
adsorbents .
Keywords—Adsorbent, Adsorption, Cupper
Models, Thermodynamics, Kinetics, Equilibrium.
1.0 Introduction
The advent of industrialization and urbanization
accompanied negative twist in the ecosystem due to

waste generalization and discharge. Wastes from both
large and small scale companies released into the
environments have large amounts of heavy metals [1].
Aside direct discharge from the industries, heavy
metals get into river bodies through surface run-off
and overland flow [2], [3]. The recalcitrant nature of
these metals makes them readily available for
accumulation in the tissues of plant, animals and
humans [4]. Also, the sparingly soluble disposition of
heavy metals makes them highly susceptible to
adsorption onto the soil matrix during surface run-off
infiltration [1]. Heavy metal adsorptions on soil surface
could portend danger to the crops and in turn to
animals and humans through food-chain [5]. Most
heavy metals are carcinogenic on aquatic life and
humans [6]. Several treatment approaches have been
adopted to reduce the concentration of heavy metals
in wastewaters to barest minimum. Methods such as
reverse osmosis, membrane systems, ion-exchange,
coagulation etc. [7][8],[9], [10] and [11] yielded
meaningful results but their apparent Non-affordability
with respect to high cost of production, complex and
sophistication in operation necessitated further
researches on the use of natural adsorbents
harnessed from waste materials . The simple
technique and simple instruments involve in producing
this low cost adsorbent, make adsorption process
easy to operate and also a popular technology in
water and wastewater management outfits [11]. The
porous structure of the activated carbon material
which consists of interconnected micro, meso and
macro-pores with high surface area makes it an
excellent adsorbent for pollutant removal [12]. (Fidelis
et al 2013[13], Hasan et al 2008,[14] Wang and Chen
2009[15] and Uzoije et al 2014)[16] applied the use of
activated coconut shell, , Masa tree leaf powder and
palm kernel shell to remove Pb, Cd, Zn, Fe2+/Fe3+
respectively from wastewater. In recent past, activated
carbon of unripe plantain peel (UPP) and pineapple
peel (PP) have been robustly applied to remove
phenol, Chromium ion, Pb2+ and Cd2+ from the
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wastewater with an impressive removal result [17] and
[18]. Unripe plantain peel has successfully been
applied in activated form to remove zinc ion from
wastewater [19]. Ninety five percent efficiency was
achieved by banana peel biomass sorption of Cu (II)
ion from wastewater [20]
The present study is an attempt to compare Cu2+
ion removal efficiency from wastewater by Unripe
plantain peel (UPP), pineapple peel (PP) and
commercial activated carbon.(CAC). UPP and PP
Constitute large proportions of solid waste in dump
sites especially in this part of the world where they are
ubiquitous. Given their high nutritional values the rate
of consumption of unripe plantain and pineapple is
high. Consequently, their peels are everywhere and
therefore constitute substantial quantity of solid waste
in dump sites. Cupper reaches the environment
through natural process and also through mining
operations, acidic water and corroding copper pipes
[21]. At concentration range of 1.0 to 5.0 ppm, copper
can cause staining, corrosive effects and toxicity to
plant, animals and humans [22]. Excessive cupper in
human system may result to capillary damage;
hepatic and renal damage [22] and [23]. In the blood,
copper causes damage to lipids, proteins and DNA
[1]. Fishes also suffer severe damage in the gills, liver
and kidney due to excessive cupper intake [24]. In
these regards, it is expedient that copper polluted
wastewater be treated prior to discharge into receiving
environmental media such as water and land. This
study will therefore carry out removal of Cu2+ from
aqueous solution using adsorption techniques with
convenient and economically viable adsorbents,
UPP,ACA and PP. During the adsorption process, the
sorption isotherms and kinetics will be measured
experimentally and the trend of adsorption will be
studied using classical isotherm, thermodynamic and
Kinetic models.
2.0 MATERIALS AND METHODS
2.1 PREPARATION AND CHARACTERIZATION
OF THE ACTIVATED ADSORBENTS
Unripe plantain peels and pineapple peels were
collected from fruit sellers in the Owerri. The plantain
and pineapple peels were washed first with tap water
to remove dirt and mud and finally washed with
distilled water. After washing, they were sun-dried for
about two weeks, before grinding with a ball mill. The
ground plantain peels and pineapple peels were
sieved with a sieve of mesh sizes 1.00mm – 1.18mm.
The precursor obtained was washed with distilled
water to remove surface bound impurities and dried in
the oven at 100OC for 24 hours. 200g of each sample
was mixed with 400ml of 1 M H3PO4 until the mixture
formed a paste. The paste was dried in the oven at
100OC for 24hours. After drying in the oven, the
sample was transferred to a crucible and pyrolysed in
a muffle furnace at 300OC for 2hours. The pyrolysed
material was finally washed with distilled water to
bring its pH to 7 and oven dried for 24hours to get a
plantain peel and pineapple peel based carbon. The

activated unripe plantain peel pineapple peel and
commercial activated carbon were characterized by
Fourier Transform Infra-red Spectrophotometer (FTIR)
and Scanning Electron Microscope (SEM)
2.2
DETERMINATION
CHEMISTRY

OF

SURFACE

The surface functional groups of the activated
carbon were estimated by Fourier Transform Infra-red
Spectrophotometer (FTIR). FTIR of the different
samples was recorded within 500cm1-4500cm1.
Samples 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 / cm2. The mix was
converted to a solid disc which was placed in an oven
at 105 C for 4 hours to prevent any interference with
any existing water vapor or carbon dioxide molecules.
Then it was transferred to the FTIR analyzer and a
corresponding chromatogram was obtained showing
the wave lengths of different functional groups in the
sample.
2.3 MICROSCOPY
The surface morphology of the activated carbon
samples was analyzed by Scanning Electron
Microscopy (SEM). Surface topographical information
was obtained by a surface morphological study in the
field electron Hitachi S-5200 Scanning Electron
Microscope. Well ground carbon samples were placed
on a sample stub with the aid of a graphite conductive
adhesive paste before being firmly loaded on a
cylindrical rod which serves as the sample holder. The
rod was thereafter placed in the analysis chamber of
the SEM which remains under vacuum all through the
analysis. When excited primary beam of electrons
from the light source struck the samples , various
secondary electrons from the sample surface were
emitted which were characteristic of each of the
samples. Various secondary electron detectors
attracted the scattered electrons, and the signals were
used
2.4 EQUILIBRIUM ADSORPTION STUDIES;
The activated UPP adsorbent of 0.1g was
degassed under vacuum using 10cm3 of distilled
water. Inside the solution, 50ml of determined
concentration of the adsorbate were added and stirred
with a magnetic stirrer. After attaining adsorption
equilibrium, certain amount of the solution was
decanted and spectrophotometric method was
adopted to determine the amount of adsorbate
remaining in the solution at equilibrium. The
adsorption equilibrium process was repeated for eight
different adsorbate concentrations and repeated for
PP and ACA adsorbents at 20, 45, 60, 75 and 85OC
temperature levels. The adsorbed amount of Cu2+ was
calculated from the following mass balanced equation;
𝑞𝑒𝑞 = (

𝐶𝑜 −𝐶𝑒𝑞
𝑀

)𝑉

(1)
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To Analysis the experimental data, the linear form
of the following models were considered; Langmuir,
Dubini-Radushkevich
and
Langmuir-Frunehlich
models respectively. Langmuir-Frunehlich(LF) model
was chosen taking into account the energetic
heterogeneity nature of solid phase[25].
Langmuir model quantifies the adsorption
performance of adsorbent with a monolayer
adsorption [26].This implies that the adsorption layer
is one layer in thickness. Langmuir favours a situation
where each site has definite affinity for adsorption,
hence homogenous adsorption. Langmuir is
expressed as
𝑄𝑒𝑞 =

𝐾𝐶𝑒𝑞

(2)

1+𝐾𝐶𝑒𝑞

If 𝑄𝑒𝑞 = 𝑞𝑒𝑞

(3)

𝑎𝑚

Substituting equation 3 in 2 and rearranging it to
get a linear form, gives
1

=

1
𝑎𝑚

+

1
𝐾𝑎𝑚 𝐶𝑒𝑞

(4)

Dubini-Radushkevich
model
expresses
the
adsorption mechanism with energy distribution onto a
heterogeneous surface [12] and [27], the model is
expressed as
𝑞𝑒𝑞 = 𝑞𝑠 exp(−𝐾𝑎𝑑 𝜀 2 )

(5)

The linear form of equation 5 is expressed as
follows
𝑙𝑛𝑞𝑒𝑞 = 𝑙𝑛𝑞𝑠 − 𝐾𝑎𝑑 𝜀 2
1

But 𝜀 2 =RTln[1 + ]
𝐶𝑒

(6)
(7)

Plot of 𝑙𝑛𝑞𝑒𝑞 𝑉𝑠 𝜀2 gives a linear curve in which 𝐾𝑎𝑑
was determined as slope and 𝑞𝑠 as intercept.
Langmuire-Frundlich model was also used for the
analysis of the experimental data is expressed as;
𝑄𝑒𝑞 =

(𝐾𝐶𝑒𝑞 )

𝑚

1+(𝐾𝐶𝑒𝑞 )

𝑚

(8)

Equation 8 was linearlized by taking the natural log
of both sides of the equation and is expressed as
follows;
ln[

𝑄𝑒𝑞

(1−𝑄𝑒𝑞 )

𝑑𝐶
𝑑𝑡

Equation 3 is the relative adsorption coverage of
the adsorbents by the solute. 𝑎𝑚 explains the mono
layer capacity or the adsorption capacity.

𝑞𝑒𝑞

The kinetic study was carried out by performing an
experiment
involving
UPP
adsorbent
and
concentration of the adsorbate(Cu2+) solution mixed in
a 500ml glass flask and stirred with a magnetic stirrer.
At a definite time interval, certain amount of the
sample was removed, analyzed and calculated for the
solute concentration onto the adsorbent and that in
the solution. The experiment was repeated with PP
and ACA types of the adsorbent and at various
temperature ranges of 20, 45, 60, 75 and 85 degrees
centigrade. The data obtained were analyzed using
pseudo- first and second other kinetic models.
intraparticle diffusion models were also applied to
further study the kinetic behavior of the adsorption
process. Pseudo-first order models with respect to
concentration and adsorption were expressed as;

] = 𝑚𝑙𝑛𝐾 + 𝑚𝑙𝑛𝐶𝑒𝑞

(9)

where m represents LF coefficient and explain the
heterogeneity of the surface adsorbent. The
heterogeneity parameter, m characterizes the shape
of adsorption energy distribution function and is put in
the following range [26] [28]). The range of
heterogeneity parameter is expressed as follows.
0 < 𝑚 ≤ 1 . K describes the position of energy
distribution functions.

𝑑𝐶
𝑑𝑡

= −𝐾1 (𝐶 − 𝐶𝑒𝑞 )

(10a)

= 𝐾1 (𝑎𝑒𝑞 − 𝑎)

(10b)

respectively
Integrated form of the equations referred to as
lagergren equations were shown respectively as
𝑙𝑛(𝐶 − 𝐶𝑒𝑞 ) = 𝑙𝑛(𝐶0 − 𝐶𝑒𝑞 ) − 𝐾1 t

(11a)

𝑙𝑛(𝑎𝑒𝑞 − 𝑎) = 𝑙𝑛(𝑎𝑒𝑞 − 𝐾1 )

(11b)

Also applied in this study was the most widely used
equilibrium dependent pseudo-second order kinetic
equation expressed as
𝑑𝑎
𝑑𝑡

= 𝐾2 (𝑎𝑒𝑞 − 𝑎)

2

(12a)

Integration of equation of 12a is expressed as
follows
𝑡
𝑎

=

1
𝐾2 𝑎2 𝑒𝑞

+

𝑡

(12b)

𝑎𝑒𝑞

Migration of solute in a solution into the adsorbent
takes effect through three distinct steps. These are ;
migration of the solute from aqueous solution to
adsorbent boundary surface, diffusion of solute in the
adsorbent pore, which is usually a slow process, and
intra-particle diffusion of solute particles. In adsorption
processes, transport of solute particles observe all
these steps with at least one step controlling the
process. The intra-particle diffusion was expressed in
the following equation;
𝑞𝑡 = 𝐾𝑝 𝑡 0.5 (13a)
Where 𝐾𝑃 =

6𝑞𝑒
𝑅

𝐷

√

𝜋

(13b)

If the rate determining step of the sorption process
is intra-particle diffusion, the linear plot of 𝑞𝑡 𝑣𝑠 𝑡 0.5 must
pass through the origin with 𝐾𝑝 representing the slope.
Also, the liquid film diffusion model describes the
transport of solute in aqueous solution to the
adsorbent surface boundary is expressed as
𝐹 =1−

2.5 KINETIC STUDIES;

6
𝜋2

𝑒𝑥𝑝(−𝛽𝑡)

(14a)
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The natural log and rearrangement of equation 14a
is represented as
𝑙𝑛(1 − 𝐹) = 0.4977 + (−𝛽𝑡)
If F=

𝑞

(14b)

and is substituted into equation 14b the

𝑞𝑒

model becomes
𝑙𝑛 (1 −

𝑞
𝑞𝑒

) = 0.4977 + (−𝛽𝑡)

(14c)

are absorption band media ranges of 29031.502283.79, 29947.33-2275.11 and 2400 for CAC, PP
and UPP respectively.
These band ranges indicate CH2 stretching. A
medium absorption band ranges of 1725.38-1104.28,
1746.60-1400 and 1742-11.84 cm-1 for UPP, PP and
CAC respectively, representing aromatic C=C
Stretching was also identified

Rearrangement of equation 14c, expressed 𝛽𝑡 as
follows;
𝛽𝑡 = −0.4977 − 𝑙𝑛 (1 −

𝑞𝑡
𝑞𝑒

)

(14d)

If the computed values of 𝛽𝑡 are plotted with time
(t) and the curve passes through the origin, then the
sorption process is film diffusion controlled.
2.6 THERMODYNAMICS
Temperature is an important factor in adsorption
processes. It stimulates the adsorbent properties such
as the functional group, surface morphology and
molecules [29]. It also stimulates the adsorbates by
way of raising their potentials for effective adsorption
[12], [25] and [16] . All these observations are link to
thermo- dynamism of an adsorption process. This
segment of the study therefore examined the
temperature effect on thermodynamic properties of Cu
(II) ion adsorption process onto the adsorbents under
study. In the light of this, data collected at different
temperature values were used to calculate the Gibb
free energy (∆𝐺 𝑜 ), enthalpy ((∆𝐻), and entropy (∆𝑆)
The Gibb free energy or free energy of adsorption
was calculated with the following equation;
∆𝐺 𝑜 − 𝑅𝑇𝑙𝑛𝐾𝑎

(15)

Where R is the universal gas constant
(8.314J/mole/oK), T (Absolute temperature OK) and Ka
represents the binding Langmuir constant.
Enthalpy of adsorption is the binding energy
between the solvent and the adsorbent with solute,
and is evaluated graphically by calculating the slope
1
of 𝑙𝑛𝐾 𝑉𝑆 derived from the following equation;
𝑇

𝑙𝑛𝐾 =

∆𝐻
𝑅𝑇

+ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

(16)

Entropy of adsorption was obtained with the
equation below
∆𝐺 = ∆𝐻 − 𝑇∆𝑆

Fig 1: FTIR Analysis of UPPAC.

Fig 2 . FTIR Analysis of PPAC
Strongest broad bands were observed in CAC
spectrum followed by PP with UPP having the
weakest bands. Relationships between hydroxyl
functional group and adsorption of Cu2+ ion were
observed. PP and CAC adsorbents where hydroxyl
functional groups were present in large amount ,
showed high adsorption capacity for Cu 2+ion when
compared with UPP adsorbent. Physical morphology
study of the adsorbent surfaces showed texture with
heterogeneous surfaces and variety of pore sizes and
cavities as shown on figures4-6 .Pores and cavities
are responsible for increase in surface area,
adsorption capacities and efficiencies [12] and [30]

(17)

3.0 RESULTS AND DISCUSSIONS
Figs 1-3 show FTIR spectra for the adsorbents.
Variations of bands were observed on the adsorbent
used for this study. The figures show bands of varying
peaks with absorption band medium for UPP,PP and
CAC identified as 3300cm-1-383.88cm-1, 3800cm-1421.46cm-1 and 3900cm-1 – 361.93cm-1 respectively.
The broad bands of 3900, 3800 and 3300 for the
respective adsorbent indicate hydroxyl stretching.
Also prominent in the band spectra for the adsorbents

Fig. 3: FTIR Analysis of CAC
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It was observed that PP and ACA have higher
number of pores and cavities than UPP.
Consequently, Cu2+ ion adsorption on various
adsorbents (PP, ACA and UPP) vary accordingly.
Adsorption was high on PP and ACA, apparently due
to high surface area and pore sizes.
The adsorption equilibrium study data were
analyzed with Dubini-Radushkevich and LangmuirFrunehlich models expressed as equations 6 and 9
respectively.
From
the
analysis,
LangmuirFrunehlich(9) represented the data better than the
Dubini-Radushkevich(6) model(see figs 7 and 8 and
table1).Correlation coefficient values(R2) in all the
systems were between 0.80 – 0.98 .
Fig. 5: SEM image of PPAC at 1000x

Fig. 4 : SEM image of UPPAC at 1000x

Fig. 6: SEM image of CAC at 1000x
Parameters of equation (9) obtained from line
fitting procedure at different adsorption systems were
also shown on table1.

Table 1 ; Calculated Langmuir-freundlich and Dubinin-Radushkevich isotherm fitting parameters using fitting
curves and adsorption of Cu(II) ions on UPP, PP, and CAC Carbons from aqueous solution.
Langmuir-Freundlich parameters
Temp.(Oc)
20

45

60

75

85

Dubinin-Radushkevich parameters

Am

M

K

R2

Cu(II)/UPP

81.97

0.878

0.0084

Cu(II)PP

142.19

0.865

0.0165

Adsorbent

Kad(mol2/KJ2

R2

2134.76

196.5

0.543

2543.22

1865.76

0.748

Ø

qS(mg/g)

0.814

0.002

0.839

0.0047

Cu(II)CAC

229.41

0.845

0.024

0.813

0.0068

3061.76

1908

0.387

Cu(II)/UPP

214.12

0.89

0.003

0.933

0.0008

2776.3

1571.7

0.91

Cu(II)PP

384.75

0.867

0.01

0.956

0.0027

6223.6

315.9

0.142

Cu(II)CAC

224.39

0.75

0.02

0.936

0.009

2237

2566.1

0.469

Cu(II)/UPP

43.29

0.95

0.011

0.964

0.004

3260.7

1269.4

0.767

Cu(II)PP

176.92

0.91

0.019

0.908

0.003

2737.5

1826.3

0.922

Cu(II)CAC

162.5

0.894

0.01

0.913

0.0023

2529.2

1984.8

0.925

Cu(II)/UPP

25.84

1.018

0.036

0.986

0.0057

2951.3

1246.2

0.877

Cu(II)PP

100

0.723

0.001

0.86

0.0002

3425.6

1362.9

0.874

Cu(II)CAC

90.8

0.952

0.0022

0.889

0.0005

3040.2

1642

0.875

Cu(II)/UPP

18.98

1.107

0.0565

0.96

0.0066

3205.5

953.12

0.849

Cu(II)PP

73.64

1.014

0.0095

0.808

0.0015

3745.7

1162.7

0.789

Cu(II)CAC

155.56

0.999

0.0018

0.82

0.0003

3448

1311.6

0.825
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0.35
0.3

UPP

qe(g/g)

0.25

PP

0.2

CAC

0.15
0.1
0.05
0
0

0.2

0.4

0.6

Ce(mg/l)

Fig 7; Adsorption isotherm of Cu (II) on UPP,PP
and CAC at 85oC with pH of 6
The prevailing trend could be attributed to increase
in mobility of Cu2+ ion towards the adsorbent and
decrease in the retarding forces of diffusing Cu2+ ion,
thereby fostering effective adsorption as the

temperature values increased from 20oC to 45oC .
Increase in temperature could also lead to easy
penetration of adsorbent structure thereby overcoming
activation
energy
barrier
with
concomitant
enhancement of intra- particle migration, resulting to
increase in adsorption capacity of the adsorbents at
elevated temperature [33], [37] and [38]). Also,
enlargement of adsorbent pore sizes increasing with
temperature, could be linked to the present
observation [39] and [40]. Increase in solubility of the
Cu2+ ion[25] and oscillation energy of Cu2+ ion[41],[12]
leading to decrease in adsorption capacity and
desorption of the Cu(II) molecules at higher
temperature respectively could also lead to the
reverse trend of adsorption process observed in this
study.
From the Kinetic analysis, quantity of Cu2+ ion
adsorbed increased with time until the adsorption
process reached a plateau at 100 minutes and, no
appreciable adsorption was observed thereafter. See
fig 9.
The initial fast Progressive Cu2+ion adsorption
process observed in fig 9 could be as a result of
availability of non-used binding adsorption sites at the
initial stage[42] and [12]. Later adsorptions got to
equilibrium when the sites had been used up.
10000
8000
6000

UPP

4000

PP

2000

CAC

E2

All the adsorbents under study showed strong
heterogeneity effects, this is evident on the low values
of heterogeneity parameters; m obtained for UPP, PP
and ACA. Surface heterogeneity of adsorbent is a
measure of adsorption capacity [24]. An adsorption
surface becomes more heterogeneous as m value
tends to zero [22] and [32]. Some studies also
confirmed chemisorption adsorption process with m
values below unity as it was the case in most
adsorption systems of this study [33] and [26]. m
values for adsorption systems of PP and ACA were
lower than that of UPP in all the temperature values,
suggesting high adsorption of Cu2+. This was
corroborated by adsorption capacity values; 𝑎𝑚 , of all
the systems. The 𝑎𝑚 values for PP and ACA were
higher than that of UPP. This implied that UPP having
lower surface heterogeneity (high m values) has less
adsorption capacity. The small pore sizes prominent
in UPP adsorbent which is characterized by low
surface heterogeneity created bottle-necks for
effective uptake of Cu2+ on the adsorbent. The
apparent low adsorption capacity observed in UPP
could also be as a result of too large Cu2+ molecules
joisting for limited amounts of adsorbent pores [34]
and [35].This condition buttressed earlier observation
which had it that limited adsorption active sites retard
effective adsorption [36]. Equilibrium constants; K
describes the position of energy distribution functions
[34]. In this study, K varies appreciably with
adsorption systems. The study showed higher K
values in PP and ACA adsorption systems than that of
UPP, implying more adsorption energy of PP and
ACA and consequent more adsorption capacity. Apart
from adsorbent configurations (surface area,
functional groups and pore sizes) earlier discussed,
temperature has apparent effects on the adsorption
capacity of the adsorbents used in this study. From
the results shown on table1, the adsorption capacity
varied with changes in temperature values. Adsorption
capacity increased at temperature values of 20 and 45
but started declining at temperature range of 60 – 80.

0

lnqeq
0

2

4

6

Fig 8 Dubini-Radushkevich Adsorption isotherm of
Cu (II) on UPP, PP and CAC at 85oC with pH of 6
Pseudo first and second order kinetic models
𝑡
showed straight line curves of log(𝑎𝑒𝑞 − 𝑎) Vs t and
𝑎
Vs t at time intervals and various adsorption systems
respectively (see figures11 and 10). Comparing the
two kinetic models, pseudo second order described
the kinetic study better than pseudo first with their
correlation co-efficient (R2) at 0.88-0.98 and 0.9930.996 respectively. The kinetic rate constants, K1 and
K2 determined from the slope and intercept of pseudo
First and second order curves respectively, were
shown on table 2. K2 values were close to unity which
confirmed chemisorption- controlled- process [20],
[43], [44] and [2]. To further study kinetic behaviours
of the adsorption process, classical pore diffusion
models were applied. These mathematical models
distinguished between film diffusion (equation13a)
and intra-particle diffusion (equation 14d) in an
adsorption process [12]
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In this study, curve of the plot of 𝑞𝑡 𝑣𝑠 𝑡 0.5 as shown
by figure12 , producing a non-straight curve without
passing through the origin, implies that intra-particle
diffusion phenomena is not the rate controlling step.
Particles of Cu2+ ion experiencing some resistance
actualize intra-particle diffusion could be attributed to
micro-pore structures of the adsorbents. The
adsorbents used for this study have different pore
configurations with respect to sizes as earlier
observed. PP and ACA have larger pore-size than
UPP and the intra-particle diffusion rate constant 𝑞𝑝
varied accordingly (see table2). Previous researchers
observed that big molecules of the adsorbate slow
down intra-particle diffusion [45] and [46]. Also, for
physical adsorption to occur in the pores, the pores
must be large enough for the molecules to enter [47]
and [48]. In the same vain, plot of 𝛽𝑡 𝑉𝑠 𝑡(see fig13)
was made and a linear curve was also produced with
non-zero intercept, this suggested that film diffusion
did not equally play significant role in the adsorption
process of Cu2+ onto the adsorbents under study.

Fig 9 Adsorption trend curves of Cu(II) at Initial
concentration of 200mg/l and adsorbent mass of .1g
on various UPP,PP and CAC
2500
2000
1500
t/a

0
200

0

ln(aqe-a)

Amount of Cu(II)
Adsorbed

150

100

Fig 10 Pseudo-second order plot of the sorption
kinteics of Cu(II) of UPP, PP and CAC
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Fig 11 pseudo-first order plot of the sorption
kinetics of Cu (II) of UPP, PP and CAC

Table 2; Values of the Kinetic and thermodynamic Parameters
Adsorbents/adsorbate

First order kinetic parameters

Second order

Diffusion models

K1

R2

aeq(mg/g)

K1

R2

aeq(mg/g)

Kp

R2

Cu(II)/UPP

0.0466

0.8822

10.82

0.061

0.9942

Cu(II)PP

0.0384

0.9375

11.65

0.055

0.9925

85.03

10.4

0.8893

97.6

12.34

0.8251

Cu(II)CAC

0.0387

0.9782

12.41

0.07

0.9959

99.43

13.29

0.9113

Thermodynamic parameters
Adsorbent/Adsorbate

Cu(II)/UPP

Cu(II)/PP

Cu(II)/CAC

temp(oC)
20
45
60
75
85
20
45
60
75
85
20
45
60
75
85

∆G
316.68
660.96
1010.52
1513.18
1973.36
3483.48
568.43
11295.73
20426.5
23632.71
9549.13
10337.46
13593.64
17706.83
20775.36

∆H

932.415

1178.51

554.23

∆S
2.12
0.83
0.24
1.67
2.91
0.01
1.92
30.38
55.31
62.72
30.7
30.77
39.16
49.29
56.48
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Deviation of the line curves from the origin could
be attributed to differences in mass transfer rate [49],
[50]
Values of thermodynamics parameters;
𝐺𝑖𝑏𝑏 𝑓𝑟𝑒𝑒 𝑒𝑛𝑒𝑟𝑔𝑦(∆𝐺), 𝑒𝑛𝑡𝑎𝑙𝑝𝑦 ℎ𝑒𝑎𝑡 𝑜𝑓 𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛
(∆𝐻) 𝑎𝑛𝑑 𝑒𝑛𝑡𝑟𝑜𝑝𝑦(∆𝑆) were summarized in table 2 .
Positive values of (∆𝐺) and their increase with
temperature is an indicative of the fact that the
adsorption process was not spontaneous even at
higher temperature. Adsorption of Cu2+ on various
systems was an endothermic process, given the
positive ∆𝐻 values. Also, positive values of ∆𝑆
confirmed good adsorption of Cu2+ on the adsorption
systems.

data generated from the kinetic behaviour of Cu2+ on
the adsorbents. Pore-pore diffusion of Cu2+ ion within
the adsorbents was the rate controlling step. The
calculated thermodynamic parameters indicated that
Cu2+ ion adsorption on the adsorbents is nonspontaneous and endothermic.
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