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Abstract

In the present study, chemically modified Aleppo pi sawdust was used for removal of phosphate
from water. The sawdust preparation process included sizd gxtraction for surface activation, acid prehydrolysis, and
treatment with urea. Sorption of phosphate ions onto the s§ Vas studied using the batch technique. The effect of
different parameters such as contact time, adsg

and Freundlich equations for describing
these isotherm models were calculal

e applied to data. The constants and correlation coefficients of
adsorption isotherms obey the Freundlich equation. The
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Nomenclature

G, Initial solute concentration in the aqueous phase, mg/L
C. Equilibrium or final solution concentration, mg/L
K, Rate constant of the pseudo-first-order equation, min™
K Rate constant of the pseudo-second-order equation, mg/g/min
K¢ Indicator of adsorption capacity, L/g
n Freundlich constant representing adsorption intensity, g/L.
Ky  Langmuir equation constant, L/g
Kp Intraparticle diffusion rate constant, mg/g.min'"
e Amount of adsorbate at equilibrium, mg/g
Qmax  Monolayer maximal capacity of adsorption, mg/g
d Amount adsorbed at time t, mg/g
R’ Regression coefficient
t Contact time, min
T Experimental temperature, K

Universal gas constant,

the subject of numerous studies in various disciplines [1-2]. An excessive concentration of this nutrient in water is
often responsible for eutrophication leading to short- and long-term environmental and aesthetic problems in lakes
and reservoirs, coastal areas, and other confined water bodies, and is a threat to ecological health [3]. Algal blooms
causing high economic damage in coastal oceans can be caused by phosphate run-off episode [4]. In many countries,
stringent regulations limit phosphorous level to 0,05 mg/L to prevent increased algae growth [5].
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Various techniques have been developed for the removal of phosphate from water and wastewater [6]. Which
include chemical precipitation [7-8], adsorption using suitable materials [9], biological treatment [10] and
crystallization [11]. Adsorption of phosphate onto particulate matter is an important process that affects significantly
the mobility and bioavailability of phosphorus in natural environments. In adsorption processes, diverse adsorbents
such as red mud, activated alumina, polymeric ligand exchangers, iron/aluminum-coated sand, calcium-based
adsorbents, sugarcane bagasse, sawdust, etc have been studied as adsorbents for phosphate removal [12-13].

Lignocellulosic materials exhibit interesting capacities as pollutant adsorbents and by activatig

activation process enhances the pore volume and hence enlarges the diameter of the pores. §
textural properties of materials may change.

copolymerization.

The aim of this study was to test the suitability of using the c
halepensis Miller) as a sorbent for the removal of phosphate i
concentration, contact time, and temperature on sorption proce

2. Materials and Methods

2.1 Materials and general methods

The sawdust of Aleppo pine (Pinus, was used as a sorbent for removal of phosphate ions
i foundry in El-Harrach city, Algeria. The sawdust was
dhered particles and soluble materials.
ith particle size between 1.0 and 0.4 mm was extracted in

washed several times with distilled
The oven dried sawdust wasgi

a Soxhlet apparatus containin v/v {95% hexane} / ethanol [17]

Extraction is expected e energy of the sawdust there by facilitating binding with reactive
reagents. At the end of paratus were allowed to cool down and the thimble was removed
Then the thimble wa tilation hood overnight, and dried in an oven at approximately 105°C for 6.5

was acid Prehydrolysed in a 500 ml glass batch reactor, equipped with an internal
thermocouple, a hegting oil bath [18]. The prehydrolysis final temperature was 100 °C; 1.8 M H,SO,

i % a liquid-to-solid ratio of 10:1 by mass, and the reaction time was 4 hours. The
perature, removed from the oven, and treated according to the surface chemistry

wusing distilled water. The pH value of the phosphate working solution was adjusted with 1 M HCI and
1M NaOH solutions before adsorption experiments.

2.2 Analytical methods

Phosphate was analyzed by the molybdenum blue method [19]. Molybdenum acid ammonium solution, 2.0 ml,
and an L-ascorbic acid solution, 1.0 ml, were added to the sample solution.



Salah Benyoucef and Moussa Amrani / Procedia Engineering 33 (2012) 58 — 69

After 15 min, the absorbance at a wavelength of 700 nm with UV-visible recording spectrophotometer
(UVmini-1240 SHIMADZU) using 10 mm matched quartz cells. The FTIR spectrum of the Sawdust was recorded
on a FTIR spectrophotometer (Shimadzu; Model No 8400S). Samples were prepared in KBr dlSkS (2 mg sample in

200 mg KBr). The scanning range was (400 - 4000) cm and the resolution was 2 cm . Scanning electron
microscopy (SEM) technique was employed to observe the surface physical morphology of the adsorbent. SEM
images were recorded using JOE-JSM840 field emission SEM. A thin layer of platinum was sputter coated on the
samples for charge dissipation during FESEM imaging. The sputter coater (Eiko IB-5 Sputter Coater) was operated
in an argon atmosphere. The coated samples were then transferred to the SEM specimen chamber tQgammhe i

2.3 Adsorption kinetics

Phosphate adsorption kinetics was evaluated at room temperature (25 °C) and an j pn of
300 mg/L.

Portions of 0.5g sawdust were placed into 250 ml Erlenmeyer flasks, and pl
orbital shaker to enhance reaction equilibrium at room temperature (25 °C). T
at 7.5. The samples were taken in triplicates at the intervals of 0, 10, 20, 2
min after the start of adsorption reaction and analyzed for residual P,
equations i.e. first order and second order were tested.

s maintained

2.4 Adsorption isotherms

sks with solution containing various
taining at 7.5 with 0.1 M HCl or 0.1

The portions of 0.5 g sawdust samples were stabilized in 250
amounts of KH,PO, for 120 min. The pH of the solution was
M NaOH. The flasks were capped and shaken at 120 rpm in a t rolled orbital shaker to enhance
reaction equilibrium at room temperature (25 °C). @ gnd of 1 ilibration period, the suspensions were
filtered through a 0.45 pm filter and analyzed for th! adsorbed PO,~. Control samples containing all other
reagents except adsorbent were also analyzed. The P ata were fitted to the simple Langmuir and
Frendlich equations.

2.5 Effect of temperature

Sawdust mediated phosphate adsorption was investigated at

fixed amount of adsorbent initi orous concentration of 250 mg/L. Portions of 0.5 g sawdust were
placed in 250 ml Erlen e suspension was adjusted to 7.5. The flasks with the content were
capped and shaken at,1 emperature controlled orbital shaker to enhance reaction equilibrium at room

temperature (25 °
and the filtrates

more amenable for the attachment of reactive functional groups. Extraction ruffled the bark fiber surface tissue more
extensively than the wood fiber. After acid prehydrolysis and urea addition, the presence of ordered string-shaped
surface structures and fine particle deposits were observed. The string shaped regions could correspond to the edge
of a cell curvature containing a high density of urea accumulation. The results of Fig.1 and Fig.2 also show that
chemically modified sawdust has developed more pores than that unmodified, however the adsorption capacity was
higher than unmodified sawdust.

61
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This is because adsorption is a surface phenomenon; therefore smaller adsorbent particle size offers a
comparatively larger and more accessible surface area (more pores developed) and hence higher adsorption occurs
at equilibrium [20].

Fig. 1. SEM of unmodified sawdust at 637 times ig. of chemically modific¥ sawdust at 637 times
magnification; the scale bar corresponds to 50 um ification; t le bar corresponds to 50 um

cm’ are due to the presence of H-bridges. It also & gpation of carbamide as is evident from bands
appeared at 3558 cm™ (N-H stretching). The bands at
phenyl ring of lignin [21]. Absorption at a7
bands at 1317, 1265 and 1035 cm™! S
896 cm™' is characteristic of C-H be

ed to methoxy group of lignin in the sawdust [22]. The
ptching vibration of primary alcohol. The weak band at

|
L
I

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenknbers (cm-l)

Fig. 3. FTIR spectrum of modified sawdust.
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3.2 Effect of Time

The phosphate adsorption results showed that within the first 30 min a rapid uptake of phosphate ions takes
place (Fig. 4). After this time, the rate of phosphate ions uptake was reduced as the equilibrium approached. The
equilibrium for phosphate ions adsorption onto modified sawdust was reached after 40 min. Therefore, the time of
40 min was chosen for further batch adsorption experiments. The data shown in Fig. 4 were used to determine
kinetic parameters in the kinetic models tested.

20 1

70 1

60 1

501

40 1

Uptake (mg/g)

30 1

20 1

10 1

0 T T
0 100 200

Tirme (min’

sorption in batch syste &@Xinetic models will be those which not only fit closely the data but
also represent reaso

(min™) is th®Fate constant of pseudo first-order adsorption. Equation (1) was integrated with boundary conditions t
=0tot=tandx=0tox =x:




64 Salah Benyoucef and Moussa Amrani / Procedia Engineering 33 (2012) 58 — 69

Equation (2) may be rearranged to the linear form:

i b

WOELGe — e T o

e

0.03 1
0.02
0.02
0.01

0.01

0.00

t (rnind

Fig. 5. Pseudo—first order plot for the adso:
modified sawdust

3.5 Pseudo-second-order model

Adsorption data were also evaluated accordi
previously proposed [24]:

-second-order reaction kinetic was used by

()

obtained:

In Equation
arrangement,
formed:

pon constant of the second-order reaction kinetic. With an algorithmic
following statement is

modified sawdust

t ( 1 J-I— t )
B K:qe e ‘

stants and q. were calculated from the linear plot of lag{q. — q;) vs. t (Fig. 5) for pseudo-first-
order m d plot of L ovs.t. (Fig. 6) for Pseudo-second-order model.
Q¢

The adsorption constant values of each model (K; and Kj), the correlation coefficients, Rz, and the predicted and
experimental q. values for all tested combinations are given in Table 1. Observing globally the correlation
coefficients of each used model and the comparison between the predicted and experimental sorption capacity, the
best fitting is achieved using the pseudo-second-order kinetic model (R* = 0.92) suggested that the chemisorption
process could be a rate-limiting step [25].
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Table 1. A comparison of pseudo-first-order, and pseudo-second-order kinetic model rate constants obtained from PO, adsorption into modified
sawdust.

Kinetic model Equations Parameters Modified sawdust
R’ 0.920
Pseudo-first order K, (min™) 0.066
qe (mg g™ 82.60

RZ
Pseudo—second K> (min™)
order
qe (mg g")
The variation in the amount of adsorption with time may be processed f) i c role of

diffusion in the adsorption of phosphate ions on sawdust. Adsorption is a mulg-s transport of

e solute Ions

Where, K, is the diffusion rate constant (mg/g.min) an
thickness [27]. It has been reported that the adsorption cap

g) is proportional to boundary layer
hen the thickness of boundary layer
e Equation (7) from the plots of - vs.

(Figure 7). If the plot of adsorption capacit

: ¢ root of time is linear, the intra particle
diffusion is involved. If the line passes through t

ion in the sorbent is the only controlling step.
37) and the intercept (C) has higher value than
2 Therefore, some boundary layer control must

/g.min

be involved and intraparticle diffusio factor.
a
45 6,5 8,35 10,5
tl.l’2 (minl.l?)
50 100

t (tin’

Fig. 7. Intraparticle diffusion plot for adsorption of PO, into
modified sawdust
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3.6 Adsorption isotherms

Analysis of equilibrium data is important for developing an equation that can be used for design purposes.
Classical adsorption models, such as the Langmuir and Freundlich models have been extensively used to describe
the equilibrium established between adsorbed phosphate ions on the sawdust (q.) and phosphate ions remaining in
solution (C,) at a constant temperature. The Langmuir equation {Equation (8)} is the most important model for
mono-layer adsorption. It is based on the assumptions: adsorption can only occur at a fixed number of definite
localized sites, each site can hold only one adsorbate molecule, and all sites are equivalent and interaction
between adsorbed molecules:

'f mﬂ__KLCE:]

“=ike ©

Where g, is the maximum quantity of phosphate ions per unit weight
monolayer on the surface (mg/g) and Ky is a constant related to the affinity of b}

of sorbent fully covered by sorbate ions. This quantity is particularly u t the adsorption
performance, especially in cases where the sorbent does not reach i i nables the indirect
comparison between different sorbents.

The Freundlich model Equation (9) is the most important multj ion i for heterogeneous surfaces.
Even though the model originates from empirical expressions, £ i y assuming an exponential

decay energy distribution function:

obtained with room temperature (25 °C), the initial
phosphate concentration was varied frg and stirred with 2.5 g/L of adsorbent at the pH value of

7.5. The results are shown in Fig. 7 of initial portion of the curve, as seen from Fig. 8, the
adsorption isotherm may be classific® es’ classification [29]. The H-type isotherms are the most
common and correspond to h for a given adsorbent. The plot of PO, amount adsorbed
against equilibrium concen ig. ated that adsorption increased initially with PO,~ concentration in

equilibrium solution, b d upon further increasing PO,” loading, possibly due to less

available active phos

0 50 100 150 200 250
C, (mg/L)

Fig. 8. Adsorption isotherms for PO, onto modified sawdust
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The Langmuir and Freundlich adsorption constants evaluated from the isotherms with the correlation coefficients
(R?) are presented in Table 2. According to the coefficients of Table 2, the R* values obtained for the Freundlich and
Langmuir isotherms were 0.968 and 0.225 respectively. The Freundlich isotherm model gave a better fit than the
Langmuir isotherm model as shown by the higher R* value. The constant n refers to the interaction between
exchange sites in the adsorbent and phosphate ions. A high value for n>1 indicates favorable adsorption. The
adsorption capacity (Ky) was 0.889 mg/g. Similar results have been reported for the adsorption of phosphate by
juniper (Juniperus monosperma) [30], and oven dried sludge and cement kiln dust [31].

Table 2. Isotherms used for description of PO, adsorption onto modified sawdust, including the coefficients calculated
coefficients

Isotherme type Equation Coefficients

R
Freundlich Ke

N

R?
Langmuir K.

cess, i.e. the constants for phosphate
ted using the method of Lyubchik et al.
change in Gibbs free energies (AG) was then

slope and intercept of the plot of In Ky versus 5
9 with a correlation coefficient (R) of 0.95.

osphate and the adsorbents. The positive values of AS state clearly that the randomness
olution interface during the phosphate adsorption onto the sawdust, and shows that some
8xchange may occur among the active sites of the sorbent and the ions [33]. The increase in adsorption
awdust at higher temperatures may be caused by the enlargement of pore size and/or activation of the

adsorbent s&@ice [34].
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Fig. 9. A plot of InK, against 1/T for PO, adsorption by modif
sawdust

Table 3. Thermodynamic parameters for adsorption of PO, onto modified saw,

AH° AS° AG® (j/mi
(J/mol) (J/mol.K) Temperat
293

313 333

Modified sawdust 16195.67 57.71 -1930.16 -3088.36

4. Conclusions

The present investigation evalug
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