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ABSTRACT

In this research study, the removal of phenol from aqueous solution was investigated in a batch
system using a new adsorbent prepared from the pine cone. The raw pine cone was activated by
chemical calcination and immobilized in alginate producing the alginate-powdered activated pine
cone (alginate-PAPC) beads. The obtained biomaterial was characterized by infrared spectroscopy
and scanning electron microscopy. The effects of solution pH, initial phenol concentration and
alginate-PAPC beads mass on the adsorption process were studied. A factorial experimental design 2°
was considered to investigate the effect of the three parameters on the equilibrium adsorption capac-
ity. The equilibrium adsorption results can be successfully modeled by the Langmuir, Freundlich, and
Temkin, isotherms. The maximal biosorption capacity was 146.39 mg of phenol/g alginate-PAPC beads
and corresponds to 500 mg/L of initial phenol concentration, pH medium 2, and 1 g of alginate-PAPC

beads mass.
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1. Introduction

Water pollution is one of the major environmental
problems in the world due to rapid industrial development
[1]. Phenol is often found in the wastewater from many
industrial processes like resin manufacturing, oil refineries,
pharmaceuticals, dyes, paper-processing plants, coal lique-
faction, textiles, and plastic industries [2]. Therefore, it is
generally recognized as toxic and is placed on the priority
list of chemicals highly hazardous to the environment due
to its corrosive nature [3]. Phenol removal from water and
wastewater has been carried out by various technical pro-
cesses including photocatalytic degradation [4], solvent
extraction [5], microbial degradation [6], ion exchange [7],
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membrane process [8], forward osmosis process [9], and
adsorption by solid adsorbents [10-13]. Removal of organic
pollutants like phenol by adsorption is considered as one of
the most effective processes for wastewater treatment with-
out producing any harmful by-products with the possibility
of regenerating pollutants as well as adsorbents. Activated
carbon is considered as one of the most used solid adsor-
bent for the removal of phenol, and the phenolic compounds
from polluted water [14-17]. Nowadays, one of the great
challenges in the adsorption technologies is the exploring of
new potential and low-cost adsorbents which could be used
successfully for the removal of phenol from polluted water.
Conventional separation methods such as electrochemical
oxidation, photo-oxidation, ozonation, UV/H,O,, Fenton
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reaction, membrane processes, and enzymatic treatments,
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have been effective for organic pollutants removal from
aqueous environments. But their high costs, slow turnaround
time and consumption of chemicals, have restricted their
applicability. Of the removal methods, adsorption is one that
is gaining increasing attention due to its potential efficiency,
low energy consumption, high selectivity at molecular level,
easy operation, and ability to separate various chemical
compounds [18].

Agricultural wastes are natural materials available in
large quantities at no or low cost. Renewable products from
industrial or agricultural operations have been recognized as
new adsorbents for different water pollutants. For example,
banana peels were used for the removal of radioactive
minerals [19], internal almond shell, sheep manure waste
and sawdust were used for the removal of methylene blue
[20], sugarcane bagasse, rice husk, and castor leaves were
used for the removal of heavy metals [21]. The antibiotic tet-
racycline was removed by rice husk ash [22], and nitrate ions
were removed by amine-grafted ground coconut copra and
corn cob particles [23]. Although the application of low-cost
agriculture waste for the removal of phenol as an organic pol-
lutant from water is scarce in the literature [1,24-26], more
research work is required to explore new efficient low-cost
adsorbents based on agriculture waste.

In the present research, we studied the performance of a
low-cost adsorbent prepared from pine cone, Alginate-PAPC
beads, for the removal of phenol from aqueous solution. The
powdered pine cone was pretreated to increase its adsorp-
tion properties and immobilized in calcium alginate beads to
overcome problems due to its small particle size [27] and to
facilitate the separation of the biosorbent from the aqueous
solution [2].

The effects of various adsorption parameters such as
adsorbent mass, pH solution, and initial phenol concentration
on the adsorption using alginate-PAPC beads have been
investigated. The effect of each parameter and their inter-
action on equilibrium adsorption capacity was determined
using a full factorial experimental design methodology, and
a statistical model of the process was developed.

Recently many statistical experimental design meth-
ods are used in the different chemical sector for optimiza-
tion of process parameters. Experimental design is a group
of mathematical and statistical techniques useful for ana-
lyzing the effects of several independent variables and

their interactions [28,29]. It is used to identify the effective
parameters and to optimize the response in a reduced
number of experiments [30].

2. Material and methods
2.1. Preparation of powdered activated pine cone

Pinecone was collected from local forest plantations in
Algiers, Algeria Fig. 1(a). It was washed with distilled water
to remove impurities and then dried in an oven at 105°C for
24 h. Ten grams of the raw material was immersed in 100 mL of
H,SO, solution (40%) with a ratio of 1:10 proportion (weight/
volume) and kept at 100°C for 1 h. The acid treated pine cone
was repeatedly washed with deionized water and then dried
at 105°C for 24 h. The obtained sample was calcined at 500°C
for 2 h, crushed and sieved at a diameter < 500 pm.

2.2. Preparation of alginate-PAPC beads

The desired amount of powdered activated pine cone
(PAPC) was added to Sodium alginate (Fluka) solution 3%
(w/v) [31]. The viscous solution was introduced into a burette
and extruded through a needle of 5 mm diameter. The beads
were pulled off on 100 mL of a 3 g/L CaCl, stirred solution
and maintained for 2 h at 37°C to ensure more stable hydro-
gels. Then, the composite adsorbent was rinsed with distilled
water and stored at 4°C Fig. 1(b).

2.3. Point zero charge determination

The organic functional groups on the biosorbent sur-
face may acquire a negative or positive charge depending
on the solution pH. The point of zero charge of the adsor-
bent was determined by the solid addition method. A
50 mL of 0.01 N NaCl solution was transferred into a series
of 100 mL Erlenmeyer. The pH (pH,) values of the solution
were adjusted to 2, 4, 6, 8, 10 and 12 by adding either fixed
strength of HCI (1N) or NaOH (IN). Then 0.1 g of activated
pine cone was added to each flask which was securely
capped immediately. The flask was then placed into a mag-
netic shaker for 24 h. The difference between the initial and
final pH values (ApH = pH, — pH) was plotted against the
pH.. The point of intersection of the resulting curve at which
ApH =0 gave the pH_ .

(a)

o |

Fig. 1. Raw pine cones (a) alginate powdered activated pine cone beads (b).
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2.4. Characterization of PAPC and alginate-PAPC beads

The FTIR spectra of PAPC was recorded on a Fourier
transform infrared spectrometer (PERKIN-ELMER Model
Spectrum One) to identify the characteristic of the functional
groups in the range of 650—4,000 cm™.

A scanning electron microscope (SEM) (INSTRUMENT
JSM-6360) was used to give information about the surface
morphological structure of raw pine cone, powdered acti-
vated pinecone, alginate beads, and alginate-powdered
activated pine cone beads.

2.5. Phenol analysis

The phenol concentration in the aqueous solution was
determined by a spectrophotometric method based on the
condensation of 4-aminoantipyrine with phenol in the pres-
ence of an oxidizing agent; potassium ferricyanide, to form
a colored antipyrine dye under alkaline conditions [32]. The
absorbance was measured at a 510 nm wavelength using a
Shimadzu UV-VIS 1240 spectrophotometer.

2.6. Adsorption procedure

Adsorption experiments were carried out in a batch sys-
tem with the Alginate-PAPC beads of 5 mm diameter and
a ratio volume of alginate adsorbent and phenol solution
200:1,000. In the equilibrium isotherms study, 0.375 g of
PAPC was added to the alginate for the beads prepara-
tion. Then the Alginate-PAPC beads obtained were added
to 125 mL of phenol solution, and the mixture was shaken
at 225 rpm under ambient temperature for 24 h to ensure
equilibrium was reached. The range of initial phenol con-
centration was (20-500 mg/L). In pH studies, the solution
pH was adjusted by the addition of HCl or NaOH (1N).
The adsorption capacity expressed by the amount of phenol
adsorbed at a time g, (mg/g) and at equilibrium condition g,
(mg/g) was calculated according to the following equations:

C,-C, )xV
g -GGV m*) M
g = GGV _Z”)XV @

where C and C, are the initial and the equilibrium adsorbate
concentrations (mg/L), respectively. C, is the adsorbate con-
centration at time (mg/L). V is the volume of solution (L), and
m is the mass of adsorbent (g).

3. Results and discussions
3.1. Point zero charge

The pH__ of the solid surface is the pH values at which
“Pe .1 . . .

the amount of acidic and basic functional groups is equal.
The organic functional groups on the biosorbent surface
may acquire a negative or positive charge depending on the
solution pH. For pH values greater than the pKa of acidic
groups, the sites are mainly in dissociated from and acquire a
negative charge, while at pH values lower than pKa of these

groups will be associated with a proton to become positively
charged [33]. Fig. 2 shows the plot of ApH versus pH, The
pH, . of the biosorbent was found to be 6.1 indicating that
the acidic groups are predominant on the surface of the
adsorbent. The most suitable pH for the adsorption of the
organic compounds is below the pH,__.

3.2. FTIR and SEM analyzes

Pinecone is composed of epidermal and sclerenchyma
cells that contain cellulose, hemicellulose, lignin, rosin,
and tannins in their cell walls with polar functional groups
including alcohols, aldehydes, ketones, carboxyls, phenols
and other groups [33-35]. Fig. 3 shows the FTIR spectra of
the powdered activated pine cone which is composed of a
mixture of functional groups [36]. A wide absorption band
at 3,200-3,600 cm™ with a maximum at about 3,425.44 cm™
is due to O-H and N-H stretching groups [37,38].The bands
at 2,926.26 cm™ and 2,854.23 represent aliphatic C-H group
[35]. The peaks at 1,453.52 cm™, 1,427.11 and 1,383.05 cor-
respond to N-alkyl ted aromatic amines [33,38]. A peak at
1,275.57 cm™ indicates C-N stretching with an amine or C-O
vibration of carboxylic acid [35,38]. Bands at 1,159.32 and
1,111.86 cm™ correspond to C-O stretching [38]. The peaks
158.89 cm™ possibly assigned to the C-C stretching [39].
The peaks between 1,058.89, 876.46, and 559.32 cm™ may be
assigned to the C—C and C-N stretching, respectively [36,38].

The analysis of the pore structure of the powdered raw
pine cone, the powdered activated pine cone (PAPC), the
alginate beads, and the alginate PAPC beads by SEM is given
in Figs. 4 and 5. The absence of the porous structure of the
raw pine cone and the alginate beads can be seen in contrary
to the PAPC and the alginate-PAPC beads which possess a
good porous structure. For further study, the alginate-PAPC
was used as an adsorbent for the phenol elimination from
the water.

3.3. Effect of adsorbent mass

The adsorption of phenol onto alginate-PAPC beads was
studied by varying the adsorbent dose (1-5 mg/500 mL) for
100 mg/L of phenol concentration. The adsorption capac-
ity increased from 17.19 to 36.84 mg/g with the PAPC dose
in alginate beads increasing from 1 to 5 g/L at equilibrium
time as can be seen in Fig. 6. Hence, with increasing adsor-
bent mass, the amount of phenol adsorbed onto unit
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Fig. 2. Determining the point of zero charge.
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Fig. 3. FTIR spectra of PAPC.

TR

Fig. 5. SEM photographs of alginate beads (a) and alginate-PAPC beads (b).
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Fig. 6. Effect of adsorbent mass on the adsorption capacity of
phenol by alginate-PAPC beads.

weight of adsorbent gets reduced, causing a decrease in the
adsorption capacity with the increasing of the adsorbent
mass concentration.

3.4. Effect of the initial concentration

Fig. 7 illustrates the effect of the initial phenol concentra-
tion on the adsorption capacity by alginate-PAPC beads in
the range of phenol concentrations 20-500 mg/L and a ratio
of 1 g of alginate beads/500 mL volume solution. It can be
seen that for each initial concentration, the adsorption capac-
ity of phenol increased gradually with the increasing contact
time and reached its optimum level. Also, an increase in ini-
tial phenol concentration leads to an increase in the adsorp-
tion capacity of phenol onto PAPC-Alginate beads. This can
be explained by the increase in the mass transfer driving
force as the initial phenol concentration increased. Higher
initial phenol concentration provides a stronger driving force
of the concentration gradient resulting in higher adsorption
capacity [40]. At a lower initial phenol concentration, there
will be unoccupied active sites on the adsorbent surface.

3.5. Effect of pH medium

Fig. 8 shows that when the initial pH increases, the
adsorption capacity of phenol decreased. A maximum
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Fig. 7. Effect of initial concentration of phenol on the adsorption
capacity by alginate-PAPC beads.
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Fig. 8. Effect of pH on the adsorption capacity of phenol by
alginate-PAPC beads.

adsorption capacity of 46.49 mg/g is observed at the opti-
mum pH of 2. It appears that in the acid state, the positive
charge is dominant on the surface of the adsorbent. This
means that a substantially high electrostatic attraction exists
between the positive charges of the adsorbent surface and
the negative charges of the phenolates formed, which favors
the adsorption [41]. On the other hand, in the alkaline envi-
ronment, the dominant charge of the adsorbent surface is
negative; this decreases the adsorption due to the repulsive
force between the phenolate ion and the negative charge
of the carbon surface of the phenolates bearing the same
charge [17].

3.6. Equilibrium isotherms

The adsorption isotherms indicate how the sorbate is
distributed between the liquid and the solid phases when
the sorption process reaches an equilibrium state and pro-
vide information on the capacity of the adsorbent. Three
widely used models, Langmuir, Freundlich, and Temkin
were applied for the fitting of the experimental data [41].
The Langmuir equation shown below seems suitable for a
monolayer sorption onto a homogeneous surface with the
negligible interaction between adsorbed molecules.

TS - ) ©)

qe qmax KI qmax

The Freundlich isotherm model assumes heterogeneous
adsorptive energies on the adsorbent surface and can be
written as:

logg, =logk, +llogC€ (4)
n

where C, is the equilibrium concentration of phenol (mg/L)
in the solution, g, is the amount of phenol adsorbed per unit
mass of adsorbent (mg/g). K, is the Langmuir equilibrium
constant (L/mg), and q__ (mg/g) is the maximum adsorption
capacity.

The essential characteristics of Langmuir isotherm can be
expressed by a dimensionless constant R;, which is defined
by the following equation:

max
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The value of R, indicates the shape of the isotherm
to be either unfavorable (R, > 1), linear (R, = 1), favorable
(0 <R, <1), orirreversible (R, =0).

K, and “n” are Freundlich constants related to the
adsorption capacity and adsorption intensity, respectively.

The Temkin isotherm assumes that the heat of adsorption
(function of temperature) of all molecules in the layer would
decrease linearly rather than logarithmic with coverage. The
model is expressed in the following equation:

g, =BInK, +BInC, (6)
The Temkin constant “B” is related to the heat of

adsorption (kJ/mol). K, is the equilibrium binding constant
(L/mol) corresponding to the maximum binding energy.

Table 1
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The fitted parameter values are listed in Table 1, and the
model curves are plotted in Fig. 9.

As seen from Table 1, the experimental data were well
described by both Langmuir (R* = 0.992) and Freundlich
(R* = 0.977) isotherms, with a possibility of mono and
heterolayer phenol formation on the adsorbent surface.
Temkin isotherm also showed a good fit with R? = 0.964.

For the Freundlich isotherm, the plot of log g, versus log
C, gives a straight line with a slope of 1/n as shown in Fig. 9.
The value of 1/n of 0.499 indicates a favorable adsorption of
phenol on alginate-PAPC beads.

Moreover, the Temkin isotherm was studied to explore
the Gibbs free energy change as:

_RT
AG®

@)

R is the gas constant (8.314 J/mol.°K), and T is the absolute
temperature (°K).

Langmuir, Freundlich, and Temkin isotherm model parameters for adsorption of phenol on alginate-PACP beads.

Models Freundlich Langmuir Temkin
Parameters K, (L/g) 1/n R? 4., (Mg/g) K, (L/mg) R? K, (L/g) B R?
Values 4.4375 0.499 0.977 66.666 0.027 0.992 0.393 12.405 0.964
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Fig. 9. Adsorption isotherms of phenol on alginate-PAPC beads: (a) Langmuir, (b) Freundlich, and (c) Temkin.
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tion of phenol on various alginate bioadsorbents from the ~ § 100 4
literature. '
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3.7. Adsorption kinetic - < .
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Adsorption kinetic studies are important in the treatment (0.50) - t(min)
of aqueous effluents because they provide valuable infor-
mation on the mechanism of the adsorption process. In the Fig. 10. Pseudo-first-order model.
present research, the kinetic data obtained from batch studies
have been analyzed by pseudo-first-order and pseudo-
second-order models and intraparticle diffusion model. The 14.00 +
best fit model was selected based on the linear regression 12.00 - y=0'.a023:9(7)x9;;).25155
correlation coefficient R? values (Figs. 10-12). '
The pseudo-first-order kinetic model frequently used in 10.00
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where g, and g, are the amounts of phenol adsorbed (mg/g) at 2.00
equilibrium and at time ¢ (min), respectively, and k, is the rate '
constant of pseudo-first-order sorption (mg/g.min). - . . ‘ . . ‘ .
The pseudo-second-order kinetic model frequently used 0 50 100 150 200 250 300 350
in kinetic studies is generally expressed as follows: t(min)
Fig. 11. Pseudo-second-order model.
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where k, (g/mg.min) is the equilibrium rate constant for the R*=0.9188
pseudo-second-order adsorption and can be obtained from 25.00
the plot of t/q, against t. 20.00
In the case of the intraparticle diffusion model, the _
adsorption proceeds in several steps involving transport sol- %215'00
ute molecules from the aqueous phase to the surface of the %0.00
solid particles and then the interior of the solid. According
to Weber and Morris [44], for most adsorption processes the 5.00
amount of adsorption varies almost proportional with 2, B . ‘ .
which can be expressed: 5.00 10.00 15.00
(5.00) - t Y2(min)
q, =kt +C (10)  Fig. 12. Intraparticle diffusion model.
Table 2
Comparison of maximum phenol adsorption capacity obtained in this study with previous data
Adsorbents Maximum adsorption capacities (mg/g) References
Alginate-PAC beads 146.39 This study
Phenyltrimethylammonium-bentonite alginate beads 142 [27]
Octadecyltrimethylammonium-bentonite alginate beads 392 [27]
Hexadecyltrimethylammonium-bentonite alginate beads 185 [27]
Alginate-bentonite beads 235.761 [42]
Chitosan-calcium alginate blended beads 108.7 [43]
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g, is the amount of sorbate adsorbed at time t; C (mg/g) is
the intercept and k; is the intraparticle diffusion rate constant
(mg/g.min'?).

All kinetic data for the adsorption of phenol onto alginate
activated carbon beads, calculated from the related plots, are
summarized in Table 3. The validity of the exploited models
is verified by the correlation coefficient, R%. Comparison of
the R? values for different models suggests that the pseudo-
second-order kinetic model fits best because of its highest
value (R*=0.997). Pseudo-second-order kinetic model implies
that the predominant process here is chemisorption, which
involves a sharing of electrons between the adsorbate and the
surface of the adsorbent. Chemisorption is usually restricted
to just one layer of molecules on the surface, although it
may be followed by additional layers of physically adsorbed
molecules [45].

3.8. Factorial design analysis

In this study, a full 2° factorial design was used for
modeling the adsorption process. Three factors were consid-
ered: initial phenol concentration (X,), pH (X,), and adsorbent

Table 3
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dose (X,). The levels and ranges of these factors are given in
Table 4.

The response “Y” values indicate the experimental
adsorption capacity at equilibrium time (g,). The results of
experimental design (Table 5) were studied and interpreted
by JMPS8 to estimate the response values.

The coded mathematical model used for 2° factorial
designs can be given as:

X

12771

X

23772

X

Y=a,+aX +a,X,+a,X,+a,XX, +a,X, X, +a, XXX, (11)
where Y is the estimated response, a, is the global mean; a,
and a, represent the regression coefficient corresponding to
the main factor effects and interactions, respectively.

The estimates of the coefficients of Eq. (11) are given in
Table 5, as well as the values of the standard error, t-value
and Prob. > [t|. The mathematical model of the factorial

design is then given as follows:

Y =47.778 +40.7175X, —11.185X, —15.0575X, —

7.8225X,X, —13.45X X, +6.1425X, X, + 424X X,X,  (12)

Kinetic model parameters for adsorption of phenol onto alginate-activated carbon beads

Kinetic model First order

Second order Intraparticle diffusion model

Parameters k, (mg/g.min) R? k, (g/mg.min) R? k,(mg/g.min'?) R?
Values 0,025 0.985 0.0029 0.997 1.739 0.918
Table 4
Low and high levels of factors
Variables, unit Factors Levels
-1 0 +1
Initial phenol concentration (mg/L) X, 20 260 500
pH X, 2 7 12
PAPC mass (g/L) X, 1 2 3
Table 5
Full factorial design matrix of three variables in coded and natural units with the experimental responses
Run Real values Coded values q,(mg/g) observed g (mg/g) predicted Error
C(mglL) pH  PAPCmass(g) X, X, x, ~ value value
1 20 2 1 -1 -1 -1 12.28 13.933 -1.653
2 500 2 1 +1 -1 -1 144.74 146.393 -1.653
3 20 12 1 -1 +1 -1 1.75 3.403 -1.653
4 500 12 1 +1 +1 -1 85.96 87.613 -1.653
5 20 2 3 -1 -1 +1 5.26 6.913 -1.653
6 500 2 3 +1 -1 +1 66.96 68.613 -1.653
7 20 12 3 -1 +1 +1 2.34 3.993 -1.653
8 500 12 3 +1 +1 +1 49.71 51.363 -1.653
9 260 7 2 0 0 0 54.39 47.778 6.612
10 260 7 2 0 0 0 54.39 47.778 6.612
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Fig. 13 shows the predicted values versus the experimen-
tal values of the equilibrium adsorption capacity. The high
values for the coefficients of determination R? of R? adjusted
(0.994 and 0.973) indicate a high level of significance for the
model [42].

3.8.1. Student’s t-test

The student’s t-test was used to determine the signifi-
cance of the regression coefficients of the parameters. A large
t-value associated with a low p-value (p < 0.05) of a variable
indicates a high significance of the corresponding model
term [46].

Table 6 shows that the linear effects of the initial concen-
trations of phenol, adsorbent dose, pH medium, and the two
interactions effects X, X, and X X, are significant.

Considering that the interactions which have no statisti-
cal significance can be discarded, the final empirical model
for the equilibrium capacity adsorption becomes:

Y =47.778 + 40.7175X, ~11.185X,, —15.0575X,, —
7.8225X X, —13.45X,X, (13)

Based on the sign of each linear effect, the initial con-
centration of phenol has a positive effect on the equilibrium
adsorption capacity.

150 -
125 '
100

Observed

0-r= '|. T T
] 25 a0 Ta

T T
100 125 150
Predicted
Fig. 13. Observed versus predicted equilibrium adsorption capacity.

Table 6
Estimated regression coefficients for the equilibrium adsorption

capacity

Term Estimate  Standard error =~ T-value  p-value
Constant ~ 47.778 2.337695 20.44 0.0024
X, 40.7175  2.613622 15.58 0.0041
X, -11.185 2.613622 -4.28 0.0505
X, -15.0575  2.613622 -5.76 0.0288
X, *X, ~7.8225 2.613622 -2.99 0.0959
X, xX, -13.45 2.613622 -5.15 0.0357
X, xX, 6.1425 2.613622 2.35 0.1432
X xX,xX, 424 2.613622 1.62 0.2462

The pH medium and the mass of adsorbent have a
negative effect on the equilibrium adsorption capacity

3.8.2. Interaction plots

The interactions plot presented in Fig. 14 shows the effect
of each factor on the high and low levels of the second factor.
Two of these interactions are significant and the most signif-
icant one with a negative value is between initial concentra-
tion of phenol and the mass of absorbent. This means that
at low mass adsorbent, the equilibrium adsorption capacity
increased when increasing the initial concentration of phenol.

The second significant interaction effect is between the
initial phenol concentration and pH medium. Under an acid
medium, the equilibrium adsorption capacity increased with
increasing the initial phenol concentration.

3.8.3. Analysis of variance (ANOVA)

ANOVA results are shown in Table 7. The three sources
of variation are model, error, and C. Total (corrected total
sum of squares).

The F ratio (model mean square divided by the error
mean square) tests the hypothesis that all the regres-
sion parameters (except the intercept) are zero. The null
hypothesis is rejected if the F ratio is large

Prob. > F is the probability of obtaining a higher F-value
by chance alone. Significance probabilities of 0.05 or less
are often considered to indicate that there is at least one
significant regression factor in the model [47].

As shown in Table 7, a very low probability
(Prob. > F) = 0.0038 (<0.05), indicates that the models are
statistically significant.
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Fig. 14. Interaction plot for equilibrium adsorption capacity.
Table 7
Analysis of variance
Source DF  Sum of Mean F-value p-value
square square
Model 5 18,014.731  3,602.95  25.9691
. 0.0038*
Residual 4 554.960 138.74 0.05
C.Total 9  18569.69 / =
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Fig. 15. Desirability functions for optimization of the response.

3.8.4. Optimization by desirability function

The desirability approach function was used to obtain the
optimum conditions corresponding to maximum equilibrium
adsorption capacity.

A desirability scale value of one means the optimum
property level of the response whereas zero desirability
indicates an unacceptable response.

As shown in Fig. 15, the highest equilibrium adsorp-
tion capacity of phenol was theoretically predicted to be
146.39 mg/g, at which the initial phenol concentration was
500 mg/L, adsorbent dose 1g/L, and pH medium 2.

4. Conclusions

In this study, powdered activated pine cone in alginate
beads was used for the elimination of phenol from aqueous
solutions. The equilibrium data were well fitted by Langmuir,
Freundlich, and Temkin models. To evaluate the effect of ini-
tial phenol concentration, pH medium, and mass of adsor-
bent on the equilibrium adsorption capacity, a full factorial
design approach was carried out. The results indicated that
the three parameters are significant at the experimental range
studied. The value of R? and R? adjust > 0.90 for the present
mathematical model indicates a high correlation between
observed and predicted values.

The higher equilibrium adsorption capacity was about
146.39 mg/g and corresponds to the following conditions:
initial phenol concentration 500 mg/L, pH medium 2, and
mass of PAPC1g.
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