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Valorization of Cocoa shells (Theobroma cacoa) for the production of
Activated Carbon by Chemical Activation using H;PO, and KOH: Kinetic
and Equilibrium Studies of Cu(ll) ions Adsorption from Aqueous

Solutions.

Abstract

Aims : To study the adsorption characteristics of Cu(ll) ions from aqueous solutions onto
two samples of low-cost, cocoa shell-based activated carbons (CSBAC) at 27+1°C in
order to comparatively investigate the effects of contact time, adsorbent dose, pH, initial
adsorbate concentration; To estimate the adsorption performances of the CSBAC
samples through kinetic (Pseudo first-order, Pseudo second-order, Elovich Model and
Intra-particle diffusion models) and equilibrium (Langmuir, Freundlich, and Dubinin-

Kaganer-Radushkevich (D-K-R) adsorption isotherm models) studies.

Study design: The batch adsorption mode was employed at constant temperature (27 °C)
and pH (4.0)

Place and duration of study: At the Department of Chemistry, Faculty of Science,
University of Dschang, Cameroon and the Department of Inorganic Chemistry, Faculty of
Science, University of Yaoundé I, Cameroon between the months of February to July
2014.

Methodology: Samples were obtained by chemical treatment by phosphoric acid (PAA)
and potassium hydroxide (PHA) respectively. In each trial (in a total of ten), 0.1 g of carbon
sample was weighed and introduced into 20 mL of a Cu(ll) ions solution contained in a
volumetric flask for a duration (equilibrium time) of 35 and 15 minutes respectively for PAA
and PHA for initial concentration range from 900 to 2400 ppm. They were later on agitated,

filtered and analyzed by UV-Visible spectroscopy (830 nm wavelength).

Results: A pH at zero-point charge (pHzpc) of 7.0 and 5.9 were obtained for PAA and

PHA samples respectively. Adsorption equilibrium time was observed to be 35 minutes for
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PAA and 15 minutes for PHA. Maximal uptake at pHmax = 4 by 0.1 g. Optimum adsorption
quantities were 62.2 mg/g for PAA and 42.2 mg/g for PHA for an initial metal ion
concentration of 2400 ppm. The Langmuir model for PHA and Freundlich model for PAA
best described the adsorption of Cu(ll) ions from aqueous solution by the two adsorbents.

The two CSBAC samples both obeyed pseudo-second order kinetics.

Conclusions: These results indicate that CSBAC can be used as an effective and low-

cost adsorbent for the removal of Cu(ll) ions from aqueous solutions.

Keywords: Cocoa shell, chemical activation, activated carbon, Copper(ll) ions, adsorption,

kinetic model; isotherm model

1. INTRODUCTION

Voluntary or accidental water, air and soil pollution by some chemical substances of
industrial (heavy metals, colorants, microorganics, toxic gases, etc) or agricultural origin
(pesticides, fungicides, fertilizers, etc) constitute a major source of environmental
degradation. These problems have been receiving worldwide attention from researchers to
savage the health of mankind [1]. Heavy metals on their part are well known for their non-
biodegradation properties that render them very toxic even at very low concentrations to all
organisms of the plant and animal kingdoms. They accumulate in living organisms even
during mass transfer in trophic chain [2]. It is therefore imperative to partially or totally

eliminate heavy metal ions from industrial effluents to acceptable levels.

Copper is used in cloth making, marine painting, electrical equipments, boilers, pipes, etc.
International norms prescribe limiting concentrations of Copper in drinking water to 1 mg/L
of copper [3]. Although Copper constitutes one of the micronutrients in the human body, its
accumulation have been reported in the liver, brain, pancreas and myocardium of humans
that often leads to Wilson Disease [4, 5]. Continual inhalation of Copper vapor may lead to
lung cancer [6]. The development of several techniques and methods such as chemical
precipitation, adsorption on mineral or organic materials, complexation, biosorption,

cementation, solvent extraction, distillation, emulsified liquid membranes and membrane
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processes (microfiltration, ultrafiltration, nanofiltration, reverse osmosis, ion-exchange
resins etc), are geared towards greater amelioration of the quality of the
environment/water quality [7]. Amongst these methods, adsorption which is reported in this
work has shown high potentials and simplicity in management in the depollution of
industrial waste water, especially in the elimination of some heavy metals [8].
Nevertheless, its efficacy depends largely on the adsorbent (cost, availability, and its

regeneration) put in place.

In this regard, much work has been carried out on diverse materials, be it of natural or
biological origin in the elimination of heavy metals from aqueous solutions. Low cost and
high adsorption capacity agricultural by-products such as saw-dust, coco fibers, coconut
palm fibers, banana peelings, sugar cane bagasse, orange peelings and nut shells etc [9],
cola nut shells in the adsorption of colorants [10] have been used as adsorbents for the
removal of heavy metals from aqueous solutions. The adsorption of cadmium on
bacterium cells and algae has been studied [11 - 13] for the adsorption of some heavy
metals on cucumber pulps. Adsorption studies of crystal violet [14]; reactive yellow 2 dyes
on activated carbons based on cocoa shells showed that they can serve as low-cost
adsorbent material for colorants in aqueous solutions [15]. In 2011, in particular, the
fixation of methylene blue in aqueous solutions by activated carbon produced from cocoa
shells was reported in the literature according to which maximum monolayer adsorption
capacity of 37.03 mg/g was obtained [16]. Also, 7.56 mg/g of Pb(ll) ions was adsorbed
maximally from aqueous solutions onto activated cocoa shells [17]. In another study, 111.1
mg/g of Cu(ll) ions was found as maximum adsorption capacity in investigations carried-
out on monolayer adsorption of Cu(ll) ions on activated water-melon shells [18]. In yet
another study, maximum adsorption capacities of Cu(ll) ions from aqueous solution by
activated sugar cane bagasse, orange peelings, mango saw-dust studied in 2007 stood at
3.19, 3.12, 2.89 mg/g, respectively [19]. Recently, the investigation of the adsorption of
Cu(ll) ions on synthetic goethite and natural red soils resulted in the following values
respectively 78.2 mg/g, 41.2 mg/g, and 32.2 mg/g [20]. All these results show that the
adsorbents act as substitutes or compliments to commercial activated carbon in waste-

water treatment.

In the same vein, investigation of palm oil empty fruit bunch in the adsorption of Hg (Il),
Pb(ll) and Cu(ll) ions showed that the least adsorption capacity of 0.84 mg/g with respect

to the others was by Cu(ll) ions [21]. Maximum adsorption capacity of Cu(ll) in aqueous
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solutions onto different initial masses of lignite (30, 45 and 60 g) gave the following values
respectively: 4.045, 3.908 and 2.625 mg/g [22]. In Cameroon, the fifth largest cocoa
producer in the world [23], agriculture represents an important part of total Gross National
Products (GNP) and enormous quantities of agricultural waste products are generated on
daily basis near agro-industrial zones/installations. Annual production of cocoa is
estimated at 320,000 tons in 2015 according to reports [24]. Cocoa shells present post
harvest environmental problems as large quantities are left behind as agric waste. We
have found it imperative to valorize some of these local precursor activated carbon
materials (cocoa shells, théobroma cacao). In this study, activated carbon from cocoa
shells was obtained by chemically treating grounded raw samples by phosphoric acid

(PAA) and potassium hydroxide (PHA), followed by simple pyrolysis procedure.

2. MATERIALS AND METHODS

2.1 Chemical composition of raw cocoa shells

The chemical composition of raw cocoa shells was determined by X-ray fluorescence
using Bruker-S4 Pioneer Wavelength Dispersive Fluorescence Spectrometer (WDFS)
analyzer. In this study, X-ray fluorescence showed the following percentage compositions
for the raw materials (cocoa shells): K;O(83.28 %); CaO (4.905 %); MgO (1.04 %);
Si02(0.671 %); S03(0.652 %); P20s5(0.52 7%); Fe203(0.467 %); Al.03(0.329 %);
MnO(0.224 %); TiO2(0.112 %); RDb,0O(0.0867 %); ZnO(0.0793 %); CuO(0.0468 %);
Na>0O(0.041 %); SrO(0.0259 %); LOI(7.21 %); Sum(99.6967 %).

2.2 Collection and pre-treatment of raw materials

In order to valorize low-cost local materials as activated carbons, the forasteros variety of
cocoa shells (Theobroma cocoa) was used as precursors. The choice of this biomass was
attributed to its availability in the sub-region in particular and in the world in general.
Samples of raw-materials were collected basically one hour after the splitting of the cocoa
pods after harvesting from cocoa plantations of the Santchou locality, a village situated in
the West Region of Cameroon. These samples after collection were abundantly washed
with distilled water to eliminate dusty and hydrosoluble substances and were sun-dried for
14 days, after which were grounded using RETCH SM 2000/1430 UPM grinder, which

were further sieved to obtain fractions of diameter between 0.50 and 1.25 mm.
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2.2.1. Chemical activation and pyrolysis

In this study, chemical activation was carried out with the help of phosphoric acid (H;PO4,)
and potassium hydroxide (KOH), as activation agents. The precursor materials obtained
were of diameters ranging between (0.50-1.25 mm). They were chemically pre-treated
before pyrolysis step, although the order could be reversed as prescribed by [25]. The
method involved mixing the chosen precursor fraction of cocoa shells with either 10 %
wt/wt H3PO4 (for PAA samples) and 50 % wt/wt of KOH (for PHA samples) in a 1:2 weight
ratio before carbonization. The impregnated samples were placed in an oven at 110 °C for
24 hours. Carbonization was carried-out for one hour duration in a carbolite furnace under
inert atmosphere which was preheated to 400 °C at a 10 °C.min"" heating rate, which was
then allowed to cool down to ambient temperature, after which a dry residue was obtained.
Total elimination of phosphate ions from the acid samples of activated carbon obtained
(PAA) were eliminated by abundantly washing with distilled water until a neutral pH was
obtained [26]. On their part, the PHA samples were initially washed abundantly with a 10
% solution of hydrochloric acid followed by abundant washing with distilled water until the
pH of the resulting samples ranged from 6-7 in order to eliminate all chloride ions [27]. The
resultant activated carbon samples (PAA and PHA) were then dried in an oven at 110 °C
for a period of 24 hours. The final material samples were grounded and then sieved to
obtain particles with diameters less than 71 microns and later on conserved in desiccators

for further use.

2.3 Analysis of characterization parameters

Before any analysis was done (spectroscopic or volumetric), samples were oven-dried at

110 °C for 24 hours before use as indicated above.
2.3.1 lodine number (In)

The iodine number was measured according to the procedure established by the American
Society for Testing and Materials (ASTM D2866-94) [28]. The iodine number is defined as
the milligrams of iodine adsorbed by 1.0 g of carbon when the iodine concentration of the
filtrate is 0.02 N. The iodine number is accepted as the most fundamental parameter used

to characterize activated carbon performance.
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lodine number was employed in this study as a test for micro porosity via volumetric
analysis. This fundamental test for the potentials of the prepared activated carbon
determines its microporosity up to values as small as 2 nm. lodine number is often
correlated with sample specific surface area from BET studies, and is obtained from the

following expression:

TodIne NUIIBET = o e e e (1)

where, mac (g) is the mass of the activated carbon and V, (mL) the volume of the sodium

thiosulphate solution at the equivalence point.
2.3.2 Standardization of iodine solution

10 mL of 0.02 N iodine solutions were pipetted into a conical flask. 2-3 drops of starch
solution were added. The pale yellow color of iodine solution turned blue and was titrated

with 0.005 N sodium thiosulphate till it became colorless.
2.3.3 Surface fonction determination by the Boehm Method

Titration of total surface acidity and basicity of the activated carbons was carried out via
the Boehm method [29, 30]. In the determination of acidic surface functions (carboxylic,
lactonic, phenolic), 40 mL each of decimolar solutions of NaHCO3, Na,CO3;, NaOH and
HCI, were introduced into different reactors and each put in contact with 0.10 g of activated
carbon sample. Titration of excess base was done by HCI solution. In the determination of
the basic functions, 0.1 g of activated carbon was put in contact with 40 mL of a decimolar
solution of HCI and the excess acid titrated with NaOH. Stirring was maintained during 48

hours with the aid of a magnetic agitator.
2.3.4 Determination of pH at zero-point charge (pHzpc)

pH of zero charge, pHzpc, corresponds to a pH at which the surface charge is nul. pHzpc
of the activated carbon was estimated according to standard procedure [31]. 50 mL of a
decimolar solution of NaCl was introduced each into a reactor each containing 0.1 g of
activated carbon to be analyzed. The pH of each solution was adjusted by addition of
decimolar solutions of NaOH or HCI (by varying values of pH between 3 and 11). pHzpc
was determined by the intersection point of the representative curves pH (final) = f[pH
(initial)] and the first bisector curve. Stirring was maintained at 27 °C for 48 hours with the
aid of a multi-agitator system. The contents of the reactors were then filtered with

Whatman N°4 filter paper after which the pH of the final solutions was measured.
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2.3.5 Analysis by Fourier-Transform-IR spectrophotometer (FTIR)

In order to determine the surface functional groups existing on the carbon samples, FTIR
were carried out on samples using infrared spectrophotometer (trade-mark bruker alpha—p
spectrometer) with ethanol as solvent with a resolution of 4cm™ within the interval 400-
4000 cm™

2.4 Batch adsorption experiments (Equilibrium studies)
2.4.1. Preparation of Cu(ll) lon solution.

The UV-Visible absorption spectrum of Cu(ll) ions was obtained by spectral scanning of a
3 g/L mother solution of CuCl,.2H,O between 770 and 870 nm. Results show a
wavelength of maximum absorption of Cu(ll) at 830 nm. The mother solution was prepared
by dissolving 8.04834 g of CuCl,.2H,0 (M= 170,48 g/mol at 99 % purity by mass) in a liter
of freshly prepared distilled water contained inside a volumetric flask, and homogenized
(agitation for 1 hour). Successive dilution of mother solution gave rise to the working

solutions.
2.4.2. Batch adsorption experiments

Kinetic and equilibrium studies of Cu(ll) ions adsorption were carried out in a batch reactor
maintained at 27 °C. In each trial (in a total of ten), 0.1 g of carbon sample preserved as
described above was weighed and introduced into 20 mL of a Cu(ll) ions solution in a
volumetric flask. The pH of the mixture was then adjusted by 0.1 N solution of HCI or
NaOH to a pre-determined value to permit maximum adsorption. The different mixtures
obtained were agitated within a time interval of 5-60 minutes in order to determine the time
required for equilibrium to be attained. The residual Cu(ll) ions concentration in each
sample, after filtration of the residual solutions with Whatman filter paper N° 4 was
determined by UV-visible spectrophotometer (CORNING 259) at 830 nm wavelength. The

sorption capacity of samples at equilibrium (Q¢) and the percentage removal (% R) are

given by the relations (2) and (3) below:

Where C, is the initial concentration of Cu(ll) ions, C. is the equilibrium concentration,

while V is the volume of the Cu(ll) ions solution.
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2.5 Kinetic models

Several kinetic models are often used in modeling the adsorption mechanism of dissolved
solutes on adsorbents. In this study, four kinetic models have been studied in describing
the adsorption phenomenon of Cu(ll) ions onto the two activated carbon samples studied
herein: Pseudo-first order, pseudo-second order, Elovich’s model and intra-particle

diffusion model.
2.5.1. Pseudo first-order

Pseudo-first order or Lagergren [32] model was established for liquid phase adsorption
and is applicable only in the first few minutes of adsorption. It requires pre- knowledge of
the adsorbed quantity at equilibrium. This model takes the form of the following differential
equation [33].

o L« 1 OO (4)

where, ki is the pseudo-first-order rate constant (min'1); Qe and Qq are the adsorption
capacities at equilibrium and at a given time t expressed in (mg/g).

By integration of equation (4) within the time interval t =0, and t = t correspondingto Q; =
0 and Q: = Qy, the following relation is obtained :

IN(Qe-Qt) = INQe-kqt with InC; = -kqt + InC,, after reduction .................. i, (5)
Linear plot of In(Qe-Q) versus f(t) should provide values for k1 and Q. from the gradient

and y-intercept respectively.
2.5.2 Pseudo second-order model

Represented by equation (6) below, the pseudo-second order model [34, 35] has been
frequently used in diverse experiments involving the adsorption of organics and heavy
metals on activated carbon. The pseudo-second order chemisorption kinetic rate equation

is expressed as [36]

ok, (0 — 37 it e (6)

where, k; is the pseudo-second-order rate constant (mg.g”.min™).
By integration between t = 0 and t = t corresponding to Q; = 0 and Q; = Q;, we obtain the

following relation:

The parameters k; and Q. are obtainable from the intercepts and the slope of the graph of

t/Q; versus t.



250

251
252
253
254
255
256
257

258

259
260

261

262
263
264
265
266
267
268
269

270

271
272
273
274

275

276
277
278
279

2.5.3 Elovich Model

This model (equation 9), which is often used in modeling chemisorptions of gases on
solids can also satisfactorily be applied to solid-liquid adsorption systems especially those

with heterogeneous adsorption surfaces [37].

O AQ AL XP(-BAL) e e (8)
where, a is the initial adsorption rate (mg/g.min) and B, the desorption rate constant

(g/mg) during any one experiment. The integrated and simplified equation is:

Q=§|n(ast)+ —In(t) ............................................................................................. (9)

The value of the constants can be obtained from the slope and intercepts of a plot of Q; =
f(In{t}).
2.5.4 Intra-particle diffusion model

The intra-particle diffusion model or the Weber and Morris equation [38] models the type of
diffusion mechanism involved in adsorption processes. It is given here by equation (10):
QEEKIGt 24 C e, (10)

2) The linear form of this

where Kiq is the intra-particle diffusion constant (mg.g-1.min
equation takes the following form [39].

INREINK ANt < (11)
Where; R is the percentage of Cu(ll) ions removed at instant t and a is a constant that

depends on the adsorption mechanism.
2.6 Isotherm models

Maximum sorption capacities at a given temperature are obtainable from adsorption
isotherm models. In this study, three adsorption models of Cu(ll) ions on two activated
carbons derived from cocoa shells have been investigated: Langmuir, Freundlich and
Dubinin-Radushkevich-Kaganer (D-R-K) models.

2.6.1 Langmuir adsorption isotherm

In this model valid for monolayer adsorption (equation 14), the quantity adsorbed Q¢
(mg/g) is related to the maximum adsorption capacity of the adsorbent Q. (mg/g),
equilibrium adsorbate concentration C. (mg/L) at a given temperature. The general form of

the Langmuir equation is [33]
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Where, K_ is the Langmuir adsorption constant (L/mg). The linear transformation of this

model takes the following expression:

A graph of 1/Q. versus 1/C, provides values for the constants 1/KQ, (gradient) and 1/Qn,
(y-intercept) respectively.

The essential characteristics of a Langmuir isotherm can be expressed in terms of a
dimensionless constant separation factor or equilibrium parameter, R, which is defined

as:

The R value indicates the shape of the isotherm to be either unfavorable (R > 1), linear

(RL=1), favorable (0 < R.< 1), or irreversible (R_ = 0) as shown in Table 3 in this work.
2-6-2- Freundlich adsorption Isotherm

Adsorption of micro pollutants is best modeled by Freundlich isotherm which takes the

following mathematical expression [36]:

where, Q. is the quantity of Cu?* ions adsorbed per gram of adsorbent material (mg/g);
and C, is the concentration of Cu®* ions at equilibrium (mg/L).
Kt and 1/n¢ are Freundlich constants that characterize adsorbent efficiency with respect to

a given adsorbate. Equation (14) is the linear form of the Freundlich isotherm.

A linear graph of LnQe versus LnCe gives the values of 1/n; (gradient) and LnK (y-
intercept). The 1/n values indicate the type of isotherm to be irreversible 1/n = 0, favorable

0 <1/n <1, unfavorable 1/n > 1.
2.6.3 Dubinin — Radushkevich - Kaganer adsorption model

Langmuir and Freundlich isotherms are insufficient to explain the physical and chemical
characteristics of adsorption. D-K-R isotherm is commonly used to describe the
sorption isotherms of single solute systems. The D-K-R isotherm, apart from being an

analogue of Langmuir isotherm, is more general than Langmuir isotherm as it rejects the
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homogeneous surface or constant adsorption potential. The D-K-R isotherm is

expressed as [33].

where, Eais the main energy of adsorption and gives information about the physical
and chemical features of adsorption. The linear form of the D-K-R isotherm equation is:
INQe=INQimax—PBEZ. ettt (18)

where, € = RTIn {1 —— is called the Polanyi Potential.

3. RESULTS AND DISCUSSIONS
3.1. Characterization of adsorbents
3.1.1 lodine number Test (In)

lodine number (In) is a fundamental parameter used to characterize activated carbon
performance. It is a measure of the micropore content of the activated carbon and is
obtained by adsorption of iodine from solution by the activated carbon sample. The
micropores are responsible for the large surface area of activated carbon particles and are
created during the activation process [28]. Tests were carried out according to the ASTM
D2866-94 procedures, and the results obtained for activated carbons prepared by
chemical activation (figure 1) suggest that the values of (In) obtained for PHA based-
carbon is greater than the value obtained for PAA based-carbons with values 538 mg/g

and 500 mg/g respectively. This implies that there are more micropores in PHA than PAA.

540 -
530 1
520 -
510 -
500 -
430 -

480

Q{mg/g)

FAA 500 PHA 3539
Figure 1: lodine number test for PAA and PHA
3.2 Determination of pH at zero-point charge (pHzpc)

Basic or acidic character of the activated carbon samples are often indicated by values of

pHzpc obtained and consequently, knowledge of net surface charge (according to the pH
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of the solution). Thus, for manipulations for which pHzpc > pH activated carbon samples
studied have positively charged surfaces while negatively charged ones are are obtained
for pHzpc < pH [40]. In the liquid phase, knowledge of pHzpc is of great importance in
interpreting the electrostatic interactions between molecules and adsorbent material. pH at
zero-point charge (pHzpcpHzpc) was obtainable from the graph of pHysina versus pHinitial
(figure 2) from which we infer neutral character for PAA (pHzpc = 7.0) and acidic character
for PHA (pHzpc = 5.9).

pHfinal

pHinitial

Figure 2 : Graph for the determination of pHzpc for PAA and PHA.
3.3 Determination of oxygen containing functional groups

Nature and quantity of functional groups on the activated carbons were obtained from the
titration of surface functional groups [29, 30]. The quantification of the surface functions
(basic or acidic) of the two activated carbon samples have been presented on table 1. The
validation of our results was through Boehm titration which was carried out in triplicate
measurements. Results in table 1 show that the two activated carbon samples PAA and
PHA have different chemical properties. PAA-based CSBAC present an equivalent
quantity of oxygen-based surface groups (acid and basic) therefore confirming its neutral
character while PHA-based CSBAC show more acidic than basic groups, confirming its
acidic character. We can therefore conclude that the quantification of the surface
functional groups by the Boehm method is coherent with pHzpc values obtained for each
carbon sample (figure 2) [41]. The two carbon samples PAA and PHA contains carboxylic
groups and very small quantities of lactonic groups, on the other hand, PAA-based carbon

contains more phenolic groups than PHA based carbons (table 1).
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358 Table 1: Quantification of surface oxygen-containing groups by the Boehm method.
Activated Lactonic  Phenolic  Total Total Total Character
carbon  Carboxylic (meqg™) (meqg") acid basic (meq.g")
(meqg™) (meq g (meqg”)
1
)
PAA 0.271 0.008 0.058 0.337 0.293 0.620 Neutral
PHA 0.222 0.005 0.015 0.242 0.131 0.373 Acid
359
360 3.4 Fourier Transform infrared spectroscopy (FTIR)
361 FTIR analysis have been used in confronting obtained results to those from Boehm test
362 and from pHzpc measurements. IR spectra of PAA and PHA activated carbons are
363 represented in figures 3 and 4 below.
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365 Figure 3: FTIR spectrum for PAA
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Figure 4: FTIR spectrum for PHA

The most intense bands in the IR spectrum of phosphoric acid-based activated carbon
(PHA) were: 418, 520, 667, 871, 1122, 1487, 1434, 1487, 1506, 1590, 1682, 1694, 3172
cm™'. The large absorption band observed at 3172 cm™ is attributed to hydrogen bond-
stretching and may be the characteristic peak of the carboxylic, phenolic or alcohol
hydroxyl groups or water adsorbed activated carbon. Absorption bands between 1700—
1650 cm™ with maximum at 1694 cm™" and 1682 cm™ is attributed to C=0 bond stretching
of the carboxylic anhydride groups. The pic observed at 1590 cm™ is attributed to the
carbony! functional group. The region towards 1506, 1487, 1434 cm™ provide some clues
to the relative abundance of bending of CH, and CHs; or of the O-H bending supported by
the existence of phenols or carboxylic groups. The pick observed at 1122 cm™ is attributed
to the ionized chemical bond, P*'—O", found in the esters of phosphate acids [42] and to
symmetric vibrations of the P-O-P chains (polyphosphate) [43]. The absorption band from
900—600 cm™ can be attributed to C — O — C groups of esters or ethers.

On the IR spectrum of PHA-based CSBAC (figure 4), we observe a large absorption band
from 3600-2000 cm™ and presents a maximum at 3236 cm™ and 2929 cm™. The pick
corresponding to 3236 cm’ is assigned to O—H stretching vibrations of hydrogen bonded
hydroxyl, or carboxylic groups, and the pick situated at 2929 cm™ is attributed to C=0
bond stretching of ketones. The spectra of PHA based CSBAC equally show a pick
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situated at 1574 cm™ due to C=C bond vibrations of aromatic rings. The shoulder at
1371.53 cm™ can be ascribed to N-O stretching of aliphatic nitro compounds of the
activated carbon derived from sodium hydroxide activation[40]. The band between 600—
400 cm™ corresponds to C-H bond vibrations in the aromatic ring. From the forgoing, the
functional groups present on PAA-based CSBAC are phenols, carboxylic, esters or ethers
while those present on PHA-based CSBAC are carboxylic, ketones, aliphatics, which are

all in line with other results from the Boehm method.
3.5 Influence of contact time

During adsorption processes, the rate of mass transfer from the liquid to the solid phase is
influenced by contact time between the two phases. In order to determine the effect of
the contact time on the extent of adsorption, 0.1 g of the adsorbent was stirred with a 20
mL solution of Cu(ll) ions of initial concentration 2400 mg/L for a time interval of 5 -
60 minutes for PAA and PHA at pH = 4.0. The experimental results obtained for the
adsorption of Cu(ll) ions during various contact times are illustrated in figure 5. It can be
observed that the quantity adsorbed increases with time, then attains a constant value
beyond which no further adsorption took place. It can be infered from these results that
adsorption takes place in two stages: an initial rapid phase which attains saturation point
within 15 and 35 minutes for PHA and PAA, attibutted to the presence of free adsorption
sites at the surface of the adsorbents [44]. Once the Cu(ll) ions are adsorbed from solution
onto these sites, they block the adsorption pores (which are of smaller sizes) from
subsequent adsorption. As a consequence, adsorption speed decreases and that marks
the onset of the slow second phase (step) from 35 to 60 and 15 to 16 minutes
corresponding to PAA and PHA respectively. Therefore, surface adsorption sites are
exhausted with time. The remaining vacant sites are difficult to be occupied by the cation
due to repulsive forces between adsorbate present in solid and bulk phases [45]. We
also observed from figure 5 that adsorption reach equilibrium within 35 and 15min for PAA

and PHA, respectively.
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Figure 5: Effect of contact time on the adsorption of Cu(ll) lons on PAA and PHA.
3.6 Influence of pH

Sorption of metallic ions from aqueous solutions depends very much on pH as it influences
surface charge, degree of ionization and the nature of the adsorbent ionic species in
solution [46]. Figure 6 represents the effect of initial pH of the solution on the sorption of
Cu(ll) ions onto PAA and PHA using 2400 mg/L initial Cu(ll) concentration and 0.1 g
of adsorbent. pH was varied between 2 and 4 in the present study. Sorption potentials of
PAA and PHA for Cu(ll) ions were seen to increase with solution pH appreciably up to pH
4.0 as shown in Figure 6. The optimum pH for Cu(ll) ions adsorption by PAA and PHA was
found to be 4.0.

At strong pH range (pH<3) we observed low values of adsorbed quantities. This is
attributed to the fact that H" ion concentration is high in solution which induces competition
(in favor of H*) for free adsorption sites between Cu(ll) and H* ions [47]. Adsorbed
quantities have been found to decrease as surface becomes negatively charged (excess
OH  ions) at pH>4 and this too is attributed to the precipitation of Cu(OH), and adsorption
becomes impossible [48]. From these results we can conclude that maximum

adsorption/retention capacity of adsobents for Cu(ll) ions is at pH=4.0
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3.7 Influence of adsorbent dose

The influence of the adsorbent concentration on the removal of Cu(ll) ions from aqueous
solution was studied by varying their concentration from 0.1 to 0.6 g. Figure7 represents
the influence of adsorbent dose on the adsorption of Cu(ll) ions onto PAA and PHA
using 2400 mg/L initial Cu(ll) ions concentration at pH = 4.0. Adsorbed quantity
decreased with increasing adsorbent dose. This is explained by the fact that an increase in
adsorbent dose leads to an agglomeration of unit cells and consequently a decrease
in intercellular distances which in turn produces a screening effect leading to the
protection of the adsorption sites of the adsorbent [49]. Furthermore, maximum quantity
adsorbed, Qe = 62.2 and 42.2 mg/g for PAA and PHA respectively, was reached for 0.1 g

of each of the absorbents as presented on figure 7.
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3.8 Influence of initial concentration

On the basis of the results of the preceding paragraph, the analysis of the effect of the
initial concentration of Cu(ll) ions were hence carried out at pH 4.0 on 0.1 g of each
adsorbent samples (both PAA and PHA), mixed with 20 mL of the aqueous solution at (27
11)°C for a duration of 35 and 15 minutes respectively for PAA and PHA. Figure 8 shows
the variation of amount adsorbed versus concentration of Cu(ll) ions for each adsorbent.
The results obtained show that an increase in the initial concentration between 900 and
2400 ppm leads to a change in the quantity adsorbed from 32.2 mg/g to 62.2 mg/g for PAA
and from 29.2 mg/g to 42.2 mg/g for PHA. This increase in adsorbed quantity with initial
concentration of metal ion is due to the fact that an increase in the concentration of metal
ion increases the collisions between the molecules of the metal and the adsorption sites.
Also, with increasing metal concentrations the binding sites become more quickly
saturated as the amount of adsorbent concentration remained constant [50]. This result
also show that maximum adsorption capacity for both adsorbents PAA and PHA is
reached at initial adsorbate concentrations of 2400 ppm.

From these results we observe that, of the two activated carbon samples studied, PAA
(62.2 mg/g) adsorbs better than PHA (42.2 mg/g). This is in contradiction with the awaited
results [28], because iodine number of PHA (538 mg/g) is greater than that of PAA (500

mg/g). This can then be directed toward the size of the Cu(ll) ions and the micro pores.
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3.9 Kinetic model

Sorption performances of the CSBAC samples (PAA and PHA) were estimated through
kinetic and equilibrium studies. Four Kinetic models that were applied in this study
provided pieces of information on the sorption mechanisms of Cu(ll) ions onto the two
samples. The straight-line plots have been represented on figures 9,10,11,12 and table 2
gives all the kinetic parameters deduce from the plot. Correlation coefficients obtained for
each model and each sorbent (0.995 for PAA and 0.998 for PHA respectively) show that
the pseudo second-order model best describes the adsorption of Cu(ll) ions from aqueous
solutions. This implies that adsorption of Cu(ll) ions onto both adsorbents may occur
through a chemical process involving the valence forces of the shared or exchanged
electrons [34,35].This means that chemisorption reaction or an activated process becomes

more predominant in the rate-controlling step for the system.

3.9.1 Pseudo first-order model
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491  Figure 10: Linearized Pseudo-Second Order Plots for Co=2400mg/L, V = 20 mL, pH =
492 4.0, m = 0.1 g Adsorbent
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506 Figure 12: Linearized Intraparticle Diffusion Plots for C, = 2400 mg/L, V = 20 mL, pH =
507 4.0, m =0.1 g Adsorbent.

508 Table 2: Adsorption Parameters for the different Models

Models Parameters Adsorbents
PAA PHA

Pseudo-first order R? 0.815 0.401
K1 (min™) 0.001 0.000

Pseudo-second R? 0.995 0.998
Order K? (x10°g/mg. min)  2.481 40.70
Qe (mg/g) 71.42 43.47

Elovich R® 0.939 0.700
B (g/mg) 0.090 0.261

a (mg/g min) x107° 62.60 4.701

Intra-particle R? 0.947 0.700
Diffusion Kid (min™") 2112 2.190
a (mg/g) 0.220 0.102

509 3.10 Adsorption Isotherms

510  Equilibrium adsorption isotherm is one of the most important data used in understanding

511 the mechanism of adsorption systems. The equilibrium adsorption data were analyzed by
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the Langmuir, Freundlich, and Dubinin-Kaganer-Radushkevich (D-K-R) adsorption
isotherm models. These isotherm models are characterized by certain constants whose
values represent surface properties as well as sorbent affinities of the adsorbed species.
These parameters for the two carbon samples (PAA and PHA) have been assembled in
table 3 and the modeling of the adsorption isotherm presented on figures 13, 14 and 15.

Linear curves, obtained by plotting C./Qe. versus C,, indicate the validity of Langmuir
isotherm and InQe versus InCe, indicate the validity of Freundlich isotherm and InQe
versus €2, indicate the validity of Dubinin-Radushkevich-Kaganer isotherm. The values of
the correlation coefficients from table 3 show that all three isotherm models describe the
sorption process fairly well (for both samples) but the very best correlation for PHA
samples is from Langmuir with R®=0.994. Maximum adsorption capacity according to
Langmuir (monolayer adsorption) is equal to 58.82 mg/g. From the different values of R_
(table 3 and for R.<1), we can conclude that Cu(ll) ions adsorption onto PHA carbon
sample is favorable within the concentration range studied [51]. Table 3 shows that the
best correlation of the experimental results is obtained with the Freundlich isotherm model
with PAA (R?=0.995). This result suggest that Cu(ll) ions are adsorbed onto the adsorbent
surface of the PAA carbon in different ways. Also from the values of the parameter 1/n, it
comes out that adsorption is favorable for 1/n<1 for the two adsorbents, which implies an
increase in the adsorption capacity and the appearance of new adsorption sites, and as
such, a homogenous adsorption at the surface of PAA and PHA. The positive values of
sorption energy (Ea =2.411 and 3.194 kJ/mol) indicate that the adsorption of Cu(ll) ions
by PAA and PHA respectively is endothermic and the value is less than 8 kd/mol. This
also is indicative of weak interactions between the adsorbent (PAA and PHA) and the
Cu(ll) ions [52].The Qn values obtained for the present system in comparison with
those reported in the literature for sorption of Cu(ll) ions onto various adsorbents
(Table 3) revealed that PAA and PHA are effective adsorbents in removing copper from

aqueous solutions.

3.10.1 Langmuir Isotherm
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3.10.2 Freundlich Adsorption Isotherm
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Figure 14: Linear Plot of the model of Freundlich for C,= 50 mg/L, V =20 mL, pH =4.0, m
= 0.1 g Adsorbent

3.10.3 Dubinin et Radushkevich Kaganer (DRK) Isotherm Model
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550 4.0, m = 0.1g Adsorbent

551 Table 3: Isotherm Models Parameters of Adsorption

Models Parameters Adsorbents
PAA PHA

Langmuir Isotherm  R? 0.969 0.994
Qmax (mg/qg) 166.66 58.82

Ki(x1 O"‘L/mg) 2.877 11.83

Freundlich Isotherm R? 0.995 0.980
1/n 0.722 0.375

Ke(L/g) 0.252 2.363

D-K-R Isotherm R? 0.950 0.954
Ko 0.086 0.049

Qmax (mg/qg) 66.75 43.81

Ea (KJ/mol) 2.411 3.194

552  Table 4: Langmuir Isotherm with Separation Factor (R.)

Concentration 900 1200 1500 1800 2100 2400
(Ppm)

Adsorbents R,

PAA 0.794 0.743 0.698 0.658 0.623 0.591
PHA 0.484 0.413 0.360 0.319 0.287 0.260

553 Table 5: Comparison of adsorption capacity of Copper(ll) with other Adsorbents

Adsorbents Qm (mgl/qg) References
Watermelon Shell 111.1 [18]
Orange Peel, Sawdust 3.19; 3.12; 2.89 [19]

Bagasse
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Palm Oil Empty Fruit Bunch  0.84 [21]

Kolubara lignite 4.045 ; 3.908 ; 2.625 [22]
PAA 62.2 Present Study
PHA 42.2 Present Study

4. CONCLUSION

A basic investigation on the adsorption of Cu(ll) ions from aqueous solution by cocoa
shell-based activated carbon (CSBAC) was carried out under batch mode. Samples were
obtained by chemical treatment by phosphoric acid (PAA) and potassium hydroxide (PHA)
respectively, followed by heating at 10 °C/minute heating rate to a final temperature of 400
°C for a duration of one hour each at that temperature. Sorption of Cu(ll) ions were
influenced by various parameters such as contact time, absorbent dosage, initial pH and
initial Cu(ll) ions concentration within the range 900-2400 mg/L. The maximum removal of
Cu(ll)) ions observed at pH 4.0 and sorbent dose of 0.1 g were 62.2 mg/g for PAA and
42.2 mg/g for PHA for an initial metal ion concentration of 2400 ppm. lodine number for
both PAA and PHA samples were obtained as 500 mg/g and 538 mg/g respectively.
Results revealed by titration via Boehm method showed predominance of acidic functional
groups on the surface of PAA (0.337 meq/g) and basic groups on PHA (0.103 meq/qg).
FTIR analysis for both the raw cocoa shells and activated carbon showed that hydroxyl,
carbonyl, aliphatic, ethers, alcohol, phenol and carboxylic groups were present on the
surfaces of the activated carbons. A pH at zero-point charge (pHzpc) of 7.0 and 5.9 were
obtained for PAA and PHA samples respectively. Sorption equilibrium time was observed
in 35 minutes for PAA and 15 minutes for PHA. X-ray fluorescence showed that the
chemical composition of the oxide level in raw material (cocoa shell) is composed mainly
of potassium oxide (K;O) of 83.28 % followed by calcium oxide (CaO) 4.905 %). The
equilibrium adsorption data were analyzed by the Langmuir, Freundlich, and Dubinin-
Kaganer-Radushkevich (D-K-R) adsorption isotherm models. The Langmuir model for
PHA and Freundlich model for PAA best described the sorption of Cu(ll) ions from
aqueous solution by the two adsorbents. The two activated carbon samples both obeyed
pseudo-second order kinetics. The results indicated that CSBAC can be used as an

effective and low-cost adsorbent to remove Cu(ll) ions from aqueous solutions.



582

583
584
585
586

587
588

589
590

591
592
593

594
595

596
597
598

599
600
601

602
603

604
605

606
607
608

609
610
611

612
613
614

615
616
617

6-REFERENCES

[1] Amirouche L., Etude du pouvoir de sorption du Cu(ll), du Zn(ll) et des polyphénols par
les bentonites sous l'effet des irradiations micro-ondes, dans : Mémoire de Magister
en chimie de I'environnement. Université de Mouloud Mammeri de Tizi Ouzou, Algerie.
2011 : 22-23. French.

[2] Miquel M., Les effets des métaux lourds sur I'environnement et la santé, rapport de
I'office d'évaluation des choix scientifiques et technologiques, France. 2001. French.

[3] Rao C., Environmental pollution controls engineering. Wiley Eastern Limited, 1992.
313-329.

[4] Chen J., Yoon J., Yiacoumi S,. Effects of chemical and physical properties of influent
on copper sorption onto activated carbon fixed-bed columns. Carbon, 2003; 41:1635—
1644.

[5] Namasivayam, C., and Kadirvelu, K., Agricultural solid wastes for the removal of heavy
metals: adsorption of Cu(ll) by coirpith carbon. Chemosphere. 1997; 34:377-399.

[6] Hebert C., Elwell M., Travlos G., Fitz C., Bucher J,. Subchronic toxicity of cupric
sulfate administered in drinking mater and feed to ratsand mice, Fund. Appl. Toxical,
1993; 21:461.

[7] Blais J., Dufresne S., Mercier G., Etat du développement technologique en matiére
d'enlevement des métaux des effluents industriels. Revue des Sciences de I'Eau, 1999; 12
: 687-711. French

[8] Ahmad A. A., Hameed B. H., Aziz N., Adsorption of direct dye on palm ash: kinetic and
equilibrium modeling. Journal of Hazardous Materials. 2006:1-10.

[9] Annadurai G., Jueng R., Lee D., Adsorption of heavy metals from water using banana
and orange peels. Water Sciences Technology, 2002; 47:185-190.

[10] Ndi J. N., Ketcha J. M., The Adsorption Efficiency of Chemically Prepared Activated
Carbon from Cola Nut Shells by ZnCl, on Methylene Blue. Journal of Chemistry. 2013: 1-
7.

[11] Gourdon R., Bhende S., Rus E., Soffer S., Comparison of cadmium Biosorption by
Gram-positive and Gram-negative bacteria from activated sludge. Biotechnology
Letters,1990; 12: 839-842.

[12] Gourdon R., Diard P., Funtowicz N.. Evaluation of a countercurrent biosorption system
for the removal of lead and copper from aqueous solutions. FEMS Microbiology Reviews.
1994; 14: 333-338.

[13] Reddad Z., Gérente C., Andrés Y., Ralet M., Thibault J., Le cloirec P., Ni(ll) and
Cu(ll) binding properties of native and modified sugar beet pulp. Carbohydrate Polymers,
2002; 49: 23-31.



618
619
620

621
622

623
624
625

626
627

628
629
630

631
632
633

634
635
636

637
638
639

640
641

642
643
644

645
646

647
648
649

650
651
652
653

654
655
656

[14] Theivarasu, C. Mylsamy S., Sivakumar N., Adsorptive Removal of Crystal Violet Dye
Using Agricultural Waste Cocoa (theobroma cacao) Shell. Research Journal of Chemical
Sciences, 2011; 1(7): 38-45.

[15] Mylsamy S., Theivarasu C. Adsorption of Reactive Dye Using Low Cost Adsorbent:
Cocoa (Theobroma Cacao) Shell. 2012; 1: 22-29.

[16] Theivarasu C., Mylsamy S., Sivakumar N., Cocoa shell as adsorbent for the removal
of methylene blue from aqueous solution: Kinetic and equilibrium study. Universal
Journal of Environmental Research and Technology. 2011; 1:70-78.

[17] Fiset J. F., Rajeshwar D. T., Jean-frangois B., Cocoa Shells as Adsorbent for Metal
Recovery from Acid Effluent. Water Qual. Res. J. Canada. 2002; 37(2): 379-388.

[18] Koel B., Ramesh S. T., Gandhimathi R., Nidheesh P. V., Bharathi K. S., A Novel
Agricultural Waste Adsorbent, Watermelon Shell for the Removal of Copper from Aqueous
Solutions. Iranica Journal of Energy & Environment. 2012; 3(2):143-156.

[19] Ahsan H., Nazrul I., Anarul I., Shafiqul A. M., Removal of Copper from Aqueous
Solution Using Orange Peel, Sawdust and Bagasse. Pak. J. Anal. Environ. Chem. 2007;
8(1): 21- 25.

[20] Tagne G. M., Ndi J. N., Ketcha J. M., Adsorption of Copper (Il) lons from Aqueous
Solution onto Synthetic Goethite and Two Naturally Available Red Soils from Yaoundé —
Cameroon. British Biotechnology Journal. 2013; 3 (3): 221-235.

[21] Rafeah W., Zainab N., Veronica U. J., Removal of Mercury, Lead and Copper from
Aqueous Solution by Activated Carbon of Palm Oil Empty Fruit Bunch World. Applied
Sciences Journal (Special Issue for Environment). 2009; 5: 84-91.

[22] Sonja M., Tamara B., Sanja M., Milica V., Vladan M., Biljana B., Removal of copper
from aqueous solutions by low cost adsorb.ent-Kolubara lignite. 2011.

[23] OICC. Annual forecasts of production and consumption and estimates of production
levels to achieve equilibrium in the world cocoa market. switzeland — Ministry of foreign
affairs : African press organization. 2009: 34(4): 9.

[24] Cacao: Le Cameroun projette une production annuelle de 600.000t d’ici 2020.
Afriquinfos, 2013.French.

[25] Anundo, L., Contribution a I'Etude de la Fixation du Cyanure d’Or et de Potassium sur
les Charbons Actifs. Thése de Doctorat en Chimie Physique, Université de Haute-Alsace,
1986 : 22-28. French.

[26] Reffas, A,. Etude de I'adsorption de colorants organiques (rouge nylosan et Bleu de
méthylene) sur des charbons actifs préparés a partir du Marc de café. Thése de doctorat
en sciences en génie des procédés. Université mentouri-constatine, Algerie. 2010 : 65-84.
French.

[27] Moreno-Castilla C., Carrasco M. F., Maldonado H. F., Rivera-Utrilla J., Effects of non
- oxidant and oxidant acid treatments on the surface properties of an activated carbon with
very low ash content, Carbon. 1998; 36 (1-2):145-151.



657
658
659

660
661

662
663

664
665
666

667
668

669
670
671

672
673

674
675

676
677
678

679
680
681

682
683

684
685
686

687
688
689
690

691
692

[28] Ekpete O. A., Horsfall M. J., Preparation and characterization of activated carbon
derived from fluted pumpkin stem waste Telfairiaoccidentalis Hook F, Res. J. Chem. Sci.
2011; 1(3): 10-17.

[29] Boehm H., Diehl E., Heck W., Sappok R. Surface oxides on carbon, Angew
Chemistry, 1964: 669.

[30] Boehm H., Surface oxides on carbon and their analysis: a critical assessment,
Carbon. 2002;40:145-149.

[31] Lopes-Ramon M. V., Stoeckli F., Moreno-Castilla C., Carrasco-Marin F,. On the
characterization of acidic and basic surface sites on carbons by various techniques,
Carbon. 1999; 37:1215-1221.

[32] Lagergren S., About the theory of so-called adsorption of soluble substances,
Kungliga Svenka Vetenspsakademiens, Handlingar . 1898; 24:1-39.

[33] Ketcha M. J., Dongmo S., Dingka’a D., Kinetic and Thermodynamic studies of the
adsorption of Nickel (ll) ions from aqueous solutions by smectite clay from Sagba-
Cameroon, International Journal of Current Research. 2012; 4:162-167.

[34] Ho Y. S., Wasse D. A., Forster C. F., Kinetic studies of competitive heavy meal
adsorption by sphagnum moss peat, Environmental Technology. 1996; 17: 71-77.

[35] Ho Y. S., McKay G., The kinetic of sorption of divalent metal ions onto sphagnum
moss peat, Water Research. 2000; 34: 735-742.

[36] Augustine A., Orike B. D., Edidiong A. D., Adsorption Kinetics and Modelling of
Cu(ll) lon Sorption from Aqueous Solution by Mercaptoacetic Acid Modified Cassava
(Manihot sculenta cranz) Wastes, Ejeafche. 2007; 6: 2221-2234.

[37] Ketcha J. M., Bougo T. C., Removal of Mercury (Il) ions from aqueous solutions using
Granular activated carbon (GAC) and Kaolinite clay from Mayoum in Cameroon: Kinetics
and Equilibrium studies, Reseach Journal of Chemistry and Environment. 2010; 14: 60-65.

[38] Chen H., Zhao, J., Adsorption study for removal of congo red anionic dyes
using organo-attapulgite. Adsorption. 2010; 15: 381-389.

[39] Zora M., Snezana B., Kinetic Studies and Spectrophotometric Determination of Co(ll)
lons by the Oxidation of Ponceau 4r by Hydrogen Peroxide, Journal of the Serbian
Chemical Society. 2006; 71: 181-196.

[40] Ndi N.J., Ketcha M.J., Anagho G. S., Ghogomu N.J., Belibi E. P., Physical and
chemical characteristics of activated carbon prepared by pyrolysis of chemically treated
Cola nut (cola acuminata) Shells wastes and its ability to adsorb organics. International
Journal of Advanced Chemical Technology. 2014; 3:1-13.

[41] Tatianne F., Etude d’un procédé de dépollution basé sur le couplage ozone / charbon
actif pour I'élimination des phtalates en phase aqueuse. Thése de doctorat en chimie



693
694

695
696
697

698
699
700

701
702
703

704
705
706

707
708
709

710
711
712
713

714
715

716
717
718

719
720
721

722
723

724
725

726

727

728

appliquée et génie des procédés industriels de I'Université d’Orleans. 2011: 64-69.
French.

[42] Puziy A. M., Poddubnayaa O. I., Martinez-Alonso A., Suarez-Garcia F., Tascon J. M.,
Synthetic carbons activated with phosphoric acid |. Surface chemistry and ion binding
properties, Carbon. 2002; 40: 1493-1505.

[43] Bourbigot S., Le Bras M., Delobel R., Carbonization mechanisms resulting from
intumescence. |lI. Association with an ethylene terpolymer and the ammonium
polyphosphate pentaerythritol fire retardant system, Carbon. 1995; 33(3): 283-294.

[44] Jennifer A. M,. Adsorption of substituted aromatic compounds by Activated Carbon: A
mechanistic Approach to quantitative structure activity relationship, Ph.D. Thesis,
University of Florida, Florida USA. 2005.

[45] Sou% R., Touaiba D., Benayada B., Boucenna A., Adsorption of Heavy Metals
(Cd**, Zn**, Pb®*") from water using Keratin Powder Prepared from Algerian Sheep
Hoofs, European Journal of Research. 2009; 35: 416-425.

[46] Rao K. S., Anand S., Venkateswarlu P., Adsorption of Cadmium(ll) lons from
Aqueous Solution by Tectona Grandis (Teak leaves power), Bioresources. 2010; 5: 438-
454.

[47] Das D. G., Basak V. L., Das N., Kinetics and equilibrium studies on removal of zinc(ll)
by untreated and anionic surfactant treated dead biomass of yeast: Batch and column
mode. Biochemical Engineering Journal. 2012; 64: 30-47.

[48] Weng C. H., Tsai C. Z., Chu S. H., Sharma Y. C., Adsorption characteristic of copper
(1) onto spent activated clay. Sep. Purif. Technol. 2007; 54:187-197.

[49]. Ghogomu J. N., Noufame T. D., Ketcha M.J., Ndi N. J., Removal of Pb(ll) ions from
Aqueous Solutions by Kaolinite and Metakaolinite materials. Bristich journal of applied
science and technology. 2013;3(4):942-961.

[50] Horsfall M., Spiff A. 1., Equilibrium Sorption Study of AI**, Co?*, Ag" in Aqueous
Solutions by Fluted Pumpkin (Telfairia Occidentalis Hook f) Waste Biomass. Acta Chimica
Slovinica. 2005; 52: 174-181.

[51] Smaranda C., Gavrilescu M., Bulgariu D., Studies on sorption of congo red from
aqueous solution on to soil. International journal environ resources. 2011; 5(1):177-188.

[52] Hann CJ. The adsorption of fatty acid using metal silica complexes from Rice
Husk ash. Master of Science degree Thesis, Universiti Sains, Malaysia. 2008;80.

ABBREVIATIONS:

PAA: Phosphoric acid activated carbon



729

730
731
732

733
734
735
736
737

PHA: Potassium hydroxide activated carbon

CSBAC: Cocoa shell-based activated carbons

In: lodine number

ASTM:  American Society for Testing and Materials
pHzpc: pH at zero-point charge



