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Abstract: The palm fibers powder (PFP) was evaluated for the
selective removal of nickel (Ni) and cadmium (Cd) from wastewater. The
adsorbent was characterized by means of Fourier transform infrared
spectrophotometer (FT-IR), X-ray diffraction (XRD) and polarized light
microscopy (POM) measurements. The adsorption process was found to be
highly pH dependent, facilitating selective adsorption of metals tested. The
best Ni (II) and Cd (II) adsorption occurred at an initial concentration of
100 mg-L", 1 g doses of PFP, a temperature of 20 °C, and pH = 5, 6.5
respectively. The maximum sorption capacities obtained with PFP for the
studied metal ions were 6.81 mg-g" for Cd (II) at 60 min and 4.42 mg-g”' for
Ni (I) at 45 min. The adsorption is best fitted in Freundlich isotherm.
A comparison of kinetic models (pseudo first-order and the pseudo second-
order) at different conditions showed that the pseudo second-order kinetic
model correlate the experimental data well. Van’t Hoff equation was used to
evaluate the thermodynamic parameters (AH°, AS°, and AG®), which
indicate that adsorption process is exothermic in nature, with the absolute
values of AH® in range of 20-50 kJ-mol™ for the two metal ions and the
values of AS° are found to be -0.142 and -0.062 kJ-mol™ for Cd (II) and
Ni (II) ions respectively.
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INTRODUCTION

Heavy metals are natural constituents of the environment, which is an important
constituent of the requirements of the ecological system. But the accumulation of heavy
metals is among the pollutants that enter the waters create serious problems causing
extensive damage to the life and activities of human and the living aquatic organisms
[1—4].

The most heavy metal have devastating effects on the ecological balance and the long
term effects of which might not be yet known. Such as cadmium, nickel, mercury, lead,
arsenic, and copper etc. and are extensively available in the form of oxides or sulfides or
as a salt of iron, sodium, calcium, copper etc. [5]. Humans may encounter heavy metal
by natural means, industrial source, or from unintended sources. Drinking water may
get contaminated by use of pesticides, natural mineral deposits or inappropriate disposal
of metals chemicals [6, 7].

The general purpose of heavy metals removal is to treat metal-contaminated wastewater.
The excess heavy metals is removal using various physical and chemical processes such
as chemical precipitation [8, 9], ion exchange [10, 11], biosorption, adsorption [12, 13],
membrane filtration [14, 15], coagulation and flocculation [16, 17], electrochemical
treatments etc. [18, 19].

In recent years, several agriculture wastes were explored as adsorbents in the treatment
of wastewater [20 — 23]. An optimal adsorbent for the removal of organic and inorganic
compounds in wastewater should have the following properties: low cost, ease of
handing, environmental neutrality, high affinity and high capacity. In this context,
several plants adsorbents like Sugarcane bagasse were proposed by Rao et al. (2002)
[24]; Ibrahim et al. (2006) [25] as a novel adsorbent for the removal of nickel and
cadmium ions from solutions. Shukla et al. (2005) [26] studied adsorption of Nickel
using Maple sawdust, the nickel removing capacity of a biosorbent Pine bark [27]. A
batch adsorption study of cadmium ions from aqueous solution by Luffa cylindrica has
also been reported [28]. Therefore, the current study examined the adsorption capacity
of palm fibers on cadmium and nickel ions removal from the aqueous solution.

The palm fibers are the fibers cellulosic consisting mostly of polysaccharides, have a
general formula of C,(H,0O),. These refer to a wide variety of polymers, initially called
carbohydrates, the main ones, according to their abundance in nature, cellulose,
hemicellulose, lignin etc. [29]. Palm fibers has drawn particular attention as effective
biosorbent due to its low cost compared with activated carbon and its high contents of
hydroxyl functional groups, the carbon content and surface area showing high
adsorption potential for removal of pollutant in wastewater [30, 31].

No studies have been reported the removal of inorganic pollutants such as cadmium
(Cd), nickel (Ni) in an aqueous solutions by the Algerian palm fibers powder. The
objective of the present paper was to explore the possibility of using the palm fibers
powder for the removal of cadmium (Cd), nickel (Ni) ions. The effects of adsorbent
concentration, pH, contact time and initial metal ion concentration on the adsorption
capacity were investigated. The rate kinetics parameters were determined. Adsorption
isotherm models and thermodynamic parameters were also investigated. This research
was performed in Laghouat University of Algeria.
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MATERIALS AND METHODS
Preparation of adsorbent

The palm fibers (PF) were collected from Laghouat region, Algeria. The PF were
washed many times with distilled water to make the PF surface free of all the dust
particles adhered to it. The PF was boiled in distilled water at 100 °C, filtered then again
boiled at same temperature. This boiling procedure was repeatedly performed till
colorless clear solution was obtained. The boiled biosorbent was oven dried at 80 °C for
24 h, sieved for desired particle size and stored to use in biosorption study.

Preparation of adsorbate

For Ni (II) ions, a stock solution of 1000 mg'L™' was prepared by dissolving 4.479 g of
ultra-pure nickel sulfate (NiSO4-6H,0) in distilled water. Moreover, a stock solution of
Cd (II) was prepared by dissolving 2.282 g of 3CdSO48H,0 in distilled water (1000
mg-L ). Different concentrations of Ni (II) and Cd (II) were prepared by appropriate
dilutions of the stock standards with suitable volumes of distilled water. The pH of the
solution was adjusted with 0.1 M NaOH or 0.1 M H,SO,.

Characterization experiments

Chemical characterization

In this work, the chemical characterization of the FP was determined by:

The methods outlined by Ramadevi et al. (2012) [32] were adopted to estimate the
cellulose, hemicellulose and lignin content (gravimetric method) [33]. The
hemicellulose content was calculated by subtracting the hollocelulose from the cellulose
content [34] and the ash, % extractives contents were determined by the ASTM standard
methods [35, 36].

FT-IR analysis

FT-IR spectroscopy (4200-FTIR JASCO, Japan) was used to identify the chemical
functional groups and absorption bands of the studied biosorbent. About 0.1-0.2 g of
plant biosorbent were ground to fine powder and mixed with potassium bromide (KBr)
powder in order to form samples that were transparent to FT-IR. Solid samples were
examined as translucent KBr pellets. The samples were then inserted into FT-IR
spectroscopy, and spectra were recorded over the range of 400-4000 cm .

X-ray diffraction

The elemental composition of the biosorbent was determined by using a X-Ray (Philips
PW3373) diffractometer with Ni-filtered Cu Ka radiation (A=1.54 A), and scan from
5°to 70°.

Microscopic analysis
The surface structure of biosorbent before and after adsorption was analyzed by
polarized light microscopy POM was performed using a microscope (Axioscope, Zeiss,
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Oberkochen, Germany) equipped with a heating stage (THMS600 Linkam, Guilford,
UK) and controller (T93 Linkam).

Adsorption experiments

The adsorption experiments were conducted under shaking conditions (300 rpm) in
Erlenmeyer flasks containing 100 mL of nickel (N1) or cadmium (Cd) solutions. All the
chemicals used in the present study were of analytical grade and purchased from
Sigma-Aldrich. The working solutions were prepared by diluting the stock solutions
(1000 mg-L™": NiSO,4-6H,0; CdSO4-8H,0) to appropriate concentrations.

In the present study, five parameters as: pH (2-12), biosorbent dosage (B: 0.1-5 g-L™"),
initial metal concentration (C: 10-150 mg-L"'), contact time (t: 1-180 min) and
temperature (T: 10-60 °C) were varied. Samples were collected at regular time intervals,
filtered and analyzed for the residual metal concentrations by an atomic adsorption
spectrophotometer (Analytik Jena Ag Germany AAS NOVAA350).

The Ni (II) and Cd (II) uptake capacities were calculated using the mass balance
equation (1) as shown below:

qe = (Co—Co)x V' /m (1)

where g, is the metal quantity adsorbed at equilibrium (mg-g"); Cp and C, (mg-L™") are
the initial and equilibrium concentrations of metal in the solutions respectively; V' is the
volume of the aqueous phase (L); and m is the mass of adsorbent (g).

The removal of the metal (R %) was calculated using the following eqn. (2) :

R(%) = (Co— Ce) x100/Co 2)

RESULTS AND DISCUSSION
Adsorbent characterizations

Chemical characterization

The chemical characterization of the palm fibers based on the three main components
namely cellulose, hemicellulose and lignin are presented in Table 1. These analyses
show that the palm fibers have the higher content in cellulose (56.73%) and a lesser
content in lignin (17.93%). This set of data, integrated with FT-IR measurements
enables a correlation between the surface composition of palm fibers and the structure.
On the other hand, palm fibers showed lower fractions of ashes (1.62%) and extractives
(1.5%) content.

Table 1. Chemical composition of palm fibers (PF)

Constituent Weight [%]
Cellulose 56.73
Hemicellulose 17.67
Lignin 17.93
Extractives 1.5
Ashes 1.62
Other 4.55
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FT-IR analysis

FT-IR is used to discover the chemical functional groups in a material as different
chemical bonds have different energy adsorption bands and can give a quick and
qualitative indication about the change in the chemical structure [37]. Figure 1 shows
the FT-IR spectra of PFP. The adsorption bands ranging from 3450 to 3200 cm’
represents —OH stretching vibrations of cellulose, hemicellulose and lignin [38]. The
peaks at 2930 cm™ and 2845 cm™ are in conformity with C-H groups. The unique peak
at 1621 cm™ conforms C=0 stretching from ester groups or carboxylic groups. The peak
at 1264 cm™ and 1035 cm™ which indicates the stretching vibration of C-O. These
chemical groups observed in PFP could help to attract and sequester Ni (II) and Cd (II)
onto the biosorbent.

By comparing the FT-IR spectra of PFP before and after adsorption using IR correlation
Table 2 there were remarkable shifts in some bands (Table 2). These shifts may be
attributed to the changes in counter ions associated with carboxylate and hydroxylate
anions, suggesting that acidic groups, carboxyl and hydroxyl, are predominant
contributors in metal ion uptake. Moreover, decreases in intensity of peaks were
observed in all the PFP loaded with Cd (II), Ni (II) IR spectrums. The reason of this is
between ionized functional groups with protons or metal ions may be interact [39].
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Figure 1. FT-IR spectral characteristics of PFP (a) before and
(b, c) after biosorption of Ni (II) and Cd (Il

Table 2. FT-IR characteristics of PFP before and after biosorption of Ni(ll) and Cd(Il)

Transmission band [cm™]
Peak before [Peak after adsorption | Peak after adsorption | Assignments
adsorption of Ni(1I) of Cd(1I)
3440.27 3416.27 3417.24 -OH stretching
2930.3 2917.77 2919.69 C-H stretching
2845.11 2831.95 2844.48 C-H stretching
1621.87 1615.87 1617.05 C=0 stretching
1387.53 1381.14 1381.74 C-O Stretching
1241.93 1251.57 1241.28 C-O Stretching
1042.33 1020.72 1031.15 C-C stretching
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X-ray diffraction

The resulting X-ray (Fig. 2) was similar for the PFP before and after the adsorption of
metals ions, the peaks observed are attributed to the cellulose family crystal planes
[40, 41]. The values found for two more intense peaks at 16.03° and 22.06°. These
planes indicate the presence of native cellulose, the main component of all the samples
under study, can be found in the crystalline or amorphous form.
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Figure 2. X-ray diffraction patterns of PFP (a) before and
(b, c) after biosorption of Ni (II) and Cd (Il

The crystallinity index (CI) and the percentage crystallinity (Xc %), calculated
according to eqn. (3), eqn. (4) [42] and presented in Table 3, collaborated with this
observation: raw PFP have the higher CI (0.406), X¢ % (62.73), and PFP loaded ions
the less CI (0.404 for Ni and 0.389 for Cd) and X¢ % (62.65 for Ni and 62.10 for Cd).
This smaller CI in the PFP loaded ions is due to the higher presence of non-crystalline
extractive free components.

Xc% =100x Ic/(Ic + L4) 3)
Cl = (Ic— Ln)/Ic 4)

where, /¢ 1s peak intensity of crystalline phase, /, is peak intensity of amorphous phase.
The intense main peak shows the presence of highly organized crystalline structure of
raw PFP, after the adsorption of Ni (II) and Cd (II) ions, the intensity of the highly
organized peaks is increases slightly. This has attributed to the adsorption of Ni (II) and
Cd (II) ions on the crystalline structure of the PFP surface by means of chemisorption
rather than physisorption [43].

Table 3. X-ray diffraction of PFP before and after biosorption of Ni (I1) and Cd (1])

Sample 20 [°] Intensity
Crystalline | Amorphous Ic | N Xc [Y%] Cl
peak peak
PFP before adsorption 22.06° 16.03° 165 98 62.73 0.406
PFP loaded with Ni (II) 22.67° 16.32° 156 93 62.65 0.404
PFP loaded with Cd (II) 22.76° 16.64° 159 97 62.10 0.389
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Microscopic analysis

In order to get an idea of the microscopic structure of the biosorbent surface and to
estimate the biosorption mechanisms the surface of PF before and after adsorption was
determined by magnification. Figures 3 (a-c) show a photo of PF before and after
adsorption respectively, indicating that all adsorbent surfaces are very rough with the
presence of cracks and cavities which play a major role in the biosorption and
intraparticle diffusion.

Figure 3. Microscopic structure of PFP before (a) and
after biosorption of Ni (Il) (b) and Cd (Il) (c)

Adsorption studies

Effect of pH

The pH of the solution has a significant impact on the uptake of heavy metals, since it
determines the surface charge of the adsorbent, the degree of ionization and speciation
of the adsorbate, The biosorption of Ni (II) and Cd (II) ions by PFP at different pH
values were carried out in the range of 2-12 is presented in Figure 4. In the present
investigation, the rate of removal of Ni (II) and Cd (II) ions in synthetic wastewater is
mainly controlled by pH of the solution. The optimal pH for Ni (II) and Cd (II) removal
was 6 and 5, respectively.
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Figure 4. Effect of pH value on the biosorption of Ni (II) and Cd (1) by PFP at 20 °C
and initial metal ions concentration of 100 mg-L”; at equilibrium time
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At pH higher than 7 both metals were precipitated due to the formation of hydroxides
and removal due to sorption was very low. At low pH the concentration of protons was
high and metal binding sites became positively charged repelling the Ni (II) and Cd (II)
cations. With an increase in pH, the negative charge density on the PFP increases due to
deprotonation of the metal binding sites, thus increasing metal biosorption.

Effect of contact time

After optimization of the pH value for the two heavy metals, the effect of contact time
for the efficient removal of metal ions was studied. The removal of Ni (II) and Cd (II)
ions by PFP was a very rapid process with in the first 30 min, and the Ni (II) and Cd (II)
ions uptake gradually decreased after 45 min for Ni (II) and 60 min for Cd (II). The
adsorption capacity was almost unchanged to 180 min. Therefore, after initial reaction,
the adsorption of Ni (II) and Cd (II) ions reached equilibrium.

During the first 30 min, the most readily available.

Adsorption site and high concentration gradient might lead to the rapid metals
adsorption, while the adsorption equilibrium time due to a quick exhaustion of the
adsorption sites. The rate of metal removal is higher in the beginning due to a larger
surface area of the adsorbent being available for the adsorption of the metals [43]. In
these studies, 38 % removal of Ni (II) and 63 % removal of Cd (II) were achieved at
equilibrium time (Figure 5). That equilibrium of Cd (II) removal was attained after
approximately 1 h stirring in the work of Bulut and Tez. (2007) [44], and A similar
equilibrium contact time was observed for the adsorption of Ni (II) on pigeon pea pod
in the study of Aravind et al. (2015) [45].
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Figure 5. Effect of contact time on the biosorption of Ni (II) and Cd (II) by PFP
at 20 °C and initial metal ions concentration of 100 mg-L”

Effect of adsorbent dosage

The results investigating the effect of adsorbent dosage on Ni (II) and Cd (II) ions
removal with an initial Ni (II) and Cd (II) ions concentrations of 100 mg-L™" are shown
in Figure 6 and revealed that the adsorption capacity of Ni (II) and Cd (II) ions by the
PFP adsorbent increased with an increase in adsorbent dosage. It was obvious that the
available exchange sites. were enlarged with increasing the adsorbent dosage; thus, the
adsorption amount of Ni (II) and Cd (II) ions was increased, and the removal efficiency
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was improved. The adsorption capacity was almost unchanged with the increase of
adsorbent dosages ranging from 2 gL' to 5 g-L"'; however, the removal efficiency
increased from 5 % to 15 % for Cd (II) ions.
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Figure 6. Effect of initial dose of PFP on the biosorption of Ni (II) and Cd (Il) at 20 °C
and initial metal ion concentration of 100 mg-L™ at equilibrium time

Effect of metal ion concentration

The metal uptake mechanism is particularly dependent on the initial heavy metal
concentration, Initial concentrations of 10-150 mg-L™ of metal ions were selected for the
comparative study for the removal of Ni (II) and Cd (II): at low concentrations, metals
are adsorbed by specific sites, while with increasing metal concentrations the specific
sites are saturated and the exchange sites are filled [46].

Figure 7 shows the effect of metal concentration on the percent removal of Ni (II) and
Cd (II) ions respectively. It is clear that with increasing initial concentrations, the
percent metal removal increases.
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Figure 7. Effect of initial concentration on the Biosorption of Ni (II) and Cd (II)
by PFP at 20 °C at equilibrium time
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Adsorption isotherms

Biosorption isotherms describe how adsorbate interacts with biosorbent and equilibrium
is established between adsorbed metal ions on the biosorbent and the residual metal ions
in the solution during the surface biosorption. Equilibrium isotherms are measured to
determine the capacity of the biosorbent for metal ions.

The equilibrium data was analyzed using two parameter isotherms: Langmuir and
Freundlich.

The Langmuir model is expressed by the linearized eqn. (5) [47]:

1/ge =1/ max +1/(bCe x q max) (5)

where ¢ is the maximum amount of metal sorbed (mg-g™), b is a constant related to
the energy of sorption.
The Freundlich model is represented by the linearized equation as follows [48]:

Ln(ge) = Ln(Ky) +1/nLn(Ce) (6)

where K/ is the biosorption equilibrium constant, representative of the sorption capacity,
and 7 is a constant indicative of biosorption intensity. It has been suggested that n is the
heterogeneity factor.

The estimated adsorption parameters by the different models Langmuir, Freundlich
isotherms are shown in Table 4. The I/n values are between 0 and 1 (»>1), indicating
that the adsorption of both metal ions onto PFP is a physical process [48] and the values
of correlation coefficient (R?) are regarded as a measure of the goodness-of-fit of
experimental data on the isotherm’s models. The applicability of the two isotherm’s
models for the present data approximately follows the order: Freundlich > Langmuir, in
case of Ni (II) and Cd (II) ions. The adsorption results obtained are best described by
the Freundlich isotherm model.

Table 4. The conform parameters of Langmuir and Freundlich equation for biosorption
of Ni (11) and Cd (Il) ions on PFP

Metal ions Langmuir model Freundlich model
q max [Mg-g’'] K. R’ K; [mg-g"| 1/n R
[L-mg|
Cd (ID) 6.81 0.015 0.960 0.870 0.54 0.990
Ni (II) 442 0.294 0.916 5.058 0.1 0.937

As shown in the Table 4, the maximum sorption capacities obtained with PFP for the
studied metals were 6.81 mg-g”' for Cd (II) and 4.42 mgg' for Ni (I); It can be
observed that the nickel uptake is less than cadmium uptake, Similarly, Fawzy et al.,
2016 [49] revealed that the affinity order of Cd (II) was higher than Ni (II) when
studying the adsorption of heavy metals on sugar beet pulp.

Table 5 presents the comparison of adsorption potential of cadmium and nickel removal
from aqueous solution on similar materials. It can be observed the obtained values are
within the range of other materials that have been previously reported in literature as:
Maple sawdust [26], Zea maize leaves [23], Raw corn stalk [13], Luffa cylindrical [28],
Coconut shell [50], Sugarcane bagasse [24, 26], Pine bark [27], Maize bran [51] and
Teak tree bark powder [52]. The adsorption by PFP is found to be higher than most of
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the other agricultural adsorbents. It shows that PFP is a potent for the effective removal
of Cd (II) and Ni (II) from aqueous solutions through biosorption.

Table 5. Comparison of different agricultural biosorbents for
Cd (11) and Ni (Il) removal

1
Adsorbent Ni (I(;;n [mg g(::l ) References
Maple sawdust 0.29 -- [26]
Zea maize leaves - 0.44 [23]
Raw corn stalk -- 3.39 [13]
Luffa cylindrica -- 5.46 [28]
Coconut shell 1.56 -- [50]
Sugarcane bagasse 2.0 6.79 [24,26]
Palm fibers powder 4.42 6.81 This study
Pine bark 6.28 -- [27]
Maize bran -- 7.4 [51]
Teak tree bark powder 9.6 -- [52]

Adsorption kinetics

Kinetic experiments were conducted under optimized conditions and samples were
withdrawn at regular intervals for analysis. Pseudo-first order, Pseudo-second order
model have been used for modeling the kinetic data of Ni (II) and Cd (II) biosorption.
The pseudo-first-order rate expression is given by the linearized equation as follows
[53]:

Ln(qe— qt) = Ln(ge) — kit (7)

The pseudo-second-order equation is given by the following linearized form and
assuming a rate of site occupation proportional to the square of the number of
unoccupied sites [53]:

t/qe=1/k2q] +1/qe (8)

where, gt is the solid phase concentration at time () in (mg-g™"); k; is the rate constant of
Lagergren first-order adsorption (min™) and 4 is the rate constant of second order
adsorption (g'mg ™" min™).

The pseudo-second-order rate expression suggests that the adsorption is probably
controlled by the chemical process, involving valency forces through the sharing or
exchange of electrons between the adsorbent and adsorbate as covalent forces [53].
During the present study, the three different kinetic models were applied for Ni (II) and
Cd (II) respectively. The estimated model and the related statistic parameters are
reported in Table 6. Based on linear regression (R* > 0.99) values, the kinetics of Ni (II)
and Cd (II) adsorption on to the adsorbent can be described well by second-order
equation.

The pseudo-second order model was selected for all further studies. This is rather as a
compared with the results obtained with other adsorbents referred to literature (Table 5).
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Table 6. Kinetic parameters for biosorption of Ni (Il) and Cd (Il) ions on PFP at 20 °C

Metal qe Pseudo-first-order Pseudo-second-order
fons | (exp.) e (cal,) Ky RZ | qe(cal) K R
Img'] | [mgg"] | [min”] [mg-g"] | [grmg™ min”]
Cd D 6.486 5.09 0.082 0.950 6.430 0.120 0.998
Ni (ID) 3.746 2.423 0.117 0.886 3.736 0.041 0.996

Adsorption thermodynamics

Thermodynamic parameters such as the free energy (AG°), enthalpy (AH®) and entropy
(AS®) changes during adsorption can be evaluated from the Equations (9) and (10)
below as in [54]:

AG° =—-RTLnKc 9)

LnKc =—( AH°/RT )+ ( AS°/R) (10)

where K¢ is the equilibrium constant, AG°, AH® and AS° are changes in Gibbs free
energy (kJ-mol™), enthalpy (kJ'mol™) and entropy (J-mol'-K™), respectively. R is the

gas constant (8.314 J ‘mol“K™") and 7'is the temperature in (K)
Equilibrium constant (Kc) was calculated from the following relationship [54]:

KC:CAe/Ce (11)
where, C4. and C, are the equilibrium concentrations of metal (mg-L™") on adsorbent and
in solution, respectively.

Table 7. Thermodynamic parameters for adsorption of Ni (Il) and Cd (Il) on PFP

Metal AH° AS° AG® [kJ-mol] R’
ions [kJ-mol ] [kJ-mol ] 283K | 293K | 333K

Cd (ID) -45.760 -0.142 0.720 | -3.550 | -5.670 | 0.945

Ni (ID) -20.845 -0.062 0.702 | -1.889 | -4.174 | 0.900

A plot of Ln K¢ versus 1/T was found to be linear; AH® and AS°® were determined from
the slope and intercept of the plot, respectively. The negative values of AG® indicate the
process to be feasible and adsorption to be spontaneous. The negative values of AH®
indicate that the adsorption interaction of metals ions and PFP is exothermic and the
negative values of AS° indicate that the adsorbed species are more ordered on the
surface during the adsorption (Table 7). This is consistent with the results of other
literature as Erdem et al. (2005) [55], Singh et al. (2006) for the adsorption of Cd (II)
and Satish et al. (2012) [56], similarly reported that the adsorption of Ni (II) is
spontaneous and exothermic.

CONCLUSIONS

In this work, we conducted a comprehensive study of the adsorption of cadmium and
Nickel ions on Palm Fibers Powder.
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The adsorption kinetics of both metal ions on PFP is fast; the equilibrium is reached
after a contact time of about 45 min for Ni (II) and 60 min for Cd (II) for the initial
concentration 100 mg-L™". The results showed that the change in pH has influence on
the adsorption of metals ions on the PFP and therefore the variation of the concentration
selected is important (the initial pH varies). The retained concentration increases with
the initial concentration for both metal ions.

The study of the variation of the retention concentration of metal ions in terms of the
temperature indicates that this adsorption is slightly exothermic.

The maximum adsorption capacity of metal ions adsorbed per 1 g of the PFP was about
6.81 mg-g” for Cd (II) and 4.42 mg-g”' for Ni (II).

The values of all the isotherm model constants indicate a favorable adsorption of metal
ions on PFP and an adsorption process involved both chemisorption and physisorption.
Thermodynamic parameters (AG°, AH® and AS°) showed that the adsorption process is
spontaneous and exothermic in nature.

We can therefore conclude that PFP has great potential adsorbent to metal ions.

In the view of these results, it can be concluded that the PFP can be utilized as a low
cost and effective adsorbent in removal of Cd (II) and Ni (II) ions from aqueous
solutions.

Further future work will be comparative study to test the modified PFP at a wastes in
adsorption of the inorganic pollutants from water.
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