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ABSTRACT

Adsorption experiments of polyphenols from olive mill wastewater (OMW) using a crosslinked styrene-
divinylbenzene polymer namely FPX 66 as a sorbent have been conducted. In particular the process of adsorption
of phenolic compounds and carbohydrate derived from OMW by FPX 66 was rapid. A 68 and 60% reduction of
polyphenols and carbohydrates, respectively was observed within the first 1 h. FPX 66 resin adsorption capacity
increased by increasing polyphenol concentration values. At OMW-effluent-pH below 7.5 polyphenol removal from
FPX 66 was high (77%) and for pH greater than 9.0 decreased (40%). Adsorption kinetics and equilibrium studies
were carried out, fitting the equilibrium data to both Langmuir and Freundlich models. Batch adsorption models,
based on the assumption of the pseudoAfirst-order, pseudo-second-order and intraparticle diffusion mechanism
showed that kinetic data of the adsorption of polyphenols derived from OMW on FPX 66 resin followed the pseudo-
second-order than the pseudo-first-order and intraparticle diffusion. Regeneration studies showed that low pH value
was efficient for the recovery of phenolic compounds implying that the main mechanism of regeneration might be
the chemisorption. These results of adsorption kinetics and equilibrium studies indicate the efficiency of FPX 66
resin as polyphenol sorbent from OMW effluent.
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STATEMENT OF NOVELTY INTRODUCTION

The scope of this study was to perform adsorption kinetics
and equilibrium studies of polyphenol compounds derived
from OMW effluent using FPX 66 sorbent resin. The effects of
different parameters on adsorption were monitored and optimal
experimental conditions were determined. Adsorption isotherms
and kinetic models were examined to describe the experimental
findings. Regeneration experiments were also conducted. The
novelty of this study lies in suggesting a promising resin of FPX 66
for the adsorption of polyphenols from OMW.

Olive mill effluents constitute a serious environmental problem in
the Mediterranean Sea region due to high organic load associated
with this type of agricultural waste [1]. Polyphenolic compounds
contained in OMW effluents are considered to be extremely toxic
thus biological degradation of such wastes is difficult [2]. Anaerobic
co-digestion of OMW with different agro-industrial wastes could
decrease phenolic compound loading [3]. However valorization of
OMW may lead to high added value products such as the recovery
of phenolic compounds and residual oil [4,5]. Biological, chemical

*Correspondence to: Aikaterini Vavouraki, School of Mineral Resources Engineering, Technical University of Crete, 73100 Chania, Crete, Greece, Tel:

306974429450; E-mail: avavouraki@isc.tuc.gr

Received: February 03, 2020; Accepted: February 14, 2020; Published: February 20, 2020

Citation: Vavouraki A (2020) Removal of Polyphenols from Olive Mill Wastewater by FPX 66 Resin: Part II. Adsorption Kinetics and Equilibrium Studies.

Int ] Waste Resour 10:373. doi: 10.35248/2252-5211.20.10.373

Copyright: © 2020 Vavouraki A. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Int ] Waste Resour, Vol. 10 Iss. 1 No: 373



Vavouraki Al.

and physical treatment methods have been proposed for the
removal of phenolic compounds from OMW effluent [6-8].

In a recent literature review the current status and recent
developments in the recovery and removal of phenolic compounds
from OMW have been critically examined [8]. Physical adsorption
method is generally considered to be the best, effective, low-cost
and most frequently used method for the removal of phenolic
compounds [9,10].

Limited studies focus on the physical adsorption method of
polyphenol removal from OMW. The zeolite, compared to
different mineral substrates i.e. clay soil and bentonite proved to
be efficient in reducing the organic load, (polyphenol and COD)
from OMW. The Low Temperature Ashing technique appears to
be a very interesting eco-friendly regeneration technique, capable
of reducing polyphenol and COD contents in OMW [11].
Previous studies investigated the efficiency of low cost bio-sorbent
such as banana peel for the removal of phenolic compounds from
OMW. The banana peel showed a high adsorption capacity of
phenolic compounds (688.9 mg/g) [12]. Pretreatment of OMW by
sedimentation and filtration processes showed an effective reduction
of COD, phenols, and total solids content [13,14] investigated
the efficiency of two matrices (i.e. dry-Azolla, granular activated
carbon) in adsorbing and desorbing polyphenols from OMW. Zagklis
etal. [14] studied the combination of membrane filtration of olive mill
wastewater with further treated with resin adsorption/desorption with

the non-ionic XAD4, XAD16, and XAD7HP resins.

Limited studies however examine FPX 66 adsorption capacity
of polyphenols. FPX 66 resin exhibited optimal decolorization
behavior of the sunflower crude extracts and deodorization of
cashew apple juice by adsorption of polyphenols on the tested FPX
66 resin [15-17]. FPX 66 showed high adsorption and desorption
capacity for polyphenols i.e. theaflavins present in black tea and
also, anthocyanins from muscadine juice pomace and blueberry
extracts [18-20]. The aim of this work is to perform adsorption
kinetics and equilibrium studies of polyphenol compounds
derived from OMW effluent using FPX 66 sorbent resin. The
effects of operating parameters i.e. OMW effluent pH, sorbent
dosage and contact time on adsorption were monitored and
optimal experimental conditions were determined. Langmuir and
Freundlich adsorption isotherms and kinetic models (pseudo-first,
pseudo-second-order kinetics and intraparticle diffusion) were
examined to describe these study experimental findings. Finally
regeneration experiments were also conducted.

MATERIALS AND METHODS

Olive mill wastewater (OMW) samples were obtained from a local
olive oil mill using a three-phase centrifugation decanter located in
Patras (Western Greece). Prior to experiments OMW samples were
centrifuged twice (4 000 rpm HERMLE Labortechnik). OMW
samples were stored immediately after sampling in the freezer
at -18°C until further experimental use. The physicochemical
composition analysis of raw OMW is summarized in Table 1 [21].
Adsorbent resin of FPX 66 (Rohm and Haas Co.) consist of a cross-
linked styrene-divinylbenzene polymer with BET surface area,
as determined by N, adsorption (BET Micromeritics Gemini III)
759.26 (£ 5.63) m*/g.

For the adsorption kinetic experiments, pre-weighted amounts
of FPX 66 resin (1% ratio of solid: solution) were placed into
centrifuged OMW. Prior to adsorption experiments tested
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Table 1: Physicochemical characteristics of raw OMW samples.

Parameters oMW
pH (25°C) 5.24
TS (g/L) 82.53 (+0.02)
VS (g/L) 65.84 (£0.02)
TKN (/L) 0.81 (:0.02)
Ammonium nitrogen (g/L) 0.12 (x0.04)
Total carbohydrates (g eq. glucose/L) 30.33 (+0.04)
Soluble carbohydrates (g eq. glucose/L) 24.88 (x0.02)
Oil & Grease (g/L) 12.75 (£0.05)
Total phosphorus (g/L) 0.48 (£0.04)
Soluble phosphorus (g/L) 0.31 (20.02)
Total COD (g O,/1) 140.0 (£2.0)
Dissolved COD (g O,/L) 66.3 (£1.0)
Total phenols (g eq. phenol/L) 4.3 (x0.1)

resin were wetted in acetone for 8 h and then dried for 2 h
under vacuum at room temperature (~ 25°C) [22]. All solutions
were sealed and shaken in an orbital shaking water bath (Grant
OLS200) at 125 rpm at constant temperature (25°C) for 24 h. The
time required to reach equilibrium was ascertained when phenolic
compound (adsorbate) concentration (equivalent phenol/L) in the
solution remained constant. During the course of the adsorption/
desorption, samples were withdrawn, filtered through syringe
filters (0.2 um Nylon Whatman) in order to separate the liquid
from the solid (resin).

The amount of resin collected on the filters was kept for further
regeneration tests whereas the phenolic content in the filtered
samples was determined spectrophotometrically at 760 nm (Cary
50 Varian UV/Vis) according to the Folin-Ciocalteu method [21].
Additionally, soluble carbohydrate content (equivalent glucose/L)
were determined by forming a colored sugar derivative, through
the addition of L-tryptophan, sulphuric and boric acid solution
that was then measured spectrophotometrically at 520 nm [23].

ADSORPTION EXPERIMENTS

The background theory of both Langmuir and Freundlich
adsorption isotherms which were applied to describe the
adsorption of polyphenol molecules (adsorbate) on the resin surface
(adsorbent) was describe in previous study [24]. Initially the effects
of different parameters i.e. contact time, adsorbent dosage, pH on
equilibrium adsorption experiments of phenolic compounds from
raw OMW were defined. Both important isotherm equations of
Langmuir and Freundlich were adjusted to this study experimental
values. The adsorbent used for the adsorption experiments of
OMW was separated from the solution by filtration (membrane
filtres 0.45 um Whatman) and washed gently with water to remove
any unabsorbed phenolic compounds. Regeneration experiments
were also conducted right after adsorption experimental OMW
samples with 20% FPX 66 resin. Prior to performing regeneration
experiments with a solvent mixture of 50/50 (v/v) ethanol/
isopropanol FPX 66 resin was washed firstly with distilled water.
Batch regeneration experiments were subjected to agitation for 24 h.

RESULTS AND DISCUSSION

Effects of different parameters on equilibrium adsorption
experiments of phenolic compounds from raw OMW

Effect of contact time: The adsorption rate of phenolic compound
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from OMW effluent by different adsorbents is very rapid and the
adsorption equilibrium can reach in less than 24 h. Achak et al. [10]
observed that the adsorption equilibrium of phenolic compounds
derived from OMW effluent was obtained after 3 h with an
adsorption of approximately 96% of the phenolic compounds.
Azzam et al. [10] also noticed that after 2 h, no significant reduction
in phenols took place after a series of adsorption steps with
activated carbon as adsorbent. Figure 1 presents the equilibrium
time needed for the adsorption of both phenolic compounds’ and
carbohydrate from OMW effluent by FPX 66 resin. The adsorption
of phenolic compounds and carbohydrate derived from OMW by
FPX 66 was very rapid due to the fact that the largest amount of
phenol and carbohydrate (68 and 60% reduction, respectively) was
removed with in the first 1 h. The rapid adsorption of phenolic
compounds to FPX 66 ensures that sufficient time is available
for adsorption equilibration. Initially, the adsorption process of
both phenolic compounds and carbohydrate is very fast due to
the available vacant surface sites of FPX 66 within the first hour
of adsorption therefore the amount of both phenolic compound
and carbohydrate concentration increases rapidly. Consequently
the remaining vacant surface sites are difficult to be occupied
due to formation of repulsive forces between both the phenolic
compounds and carbohydrate on the solid surface and also with
the bulk phase. Both phenolic compounds and carbohydrate
have to penetrate deeper into the pores encountering much
higher resistance. Subsequently a plateau of the adsorption is
observed [12]. Additionally to the phenolic compounds and
carbohydrate contained in OMW effluent competition of other
types of compounds such as aminoacids and proteins may occur
during adsorption on specific sites contributing to the decrease
of the adsorption rate of the targeted phenolic compounds from
OMW. Adsorption rate of phenolic compounds on FPX 66 was
found to be relatively equal with those reported for some other
normal adsorbents (banana peel, activated carbon). However, for
subsequent experiment, the samples were left for 12 h to ensure
the adsorption equilibrium.

Effect of adsorbent dosage: The effect of adsorbent FPX 66 dosage
is investigated at initial OMW phenol concentration (4.15 g eq.
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Figure 1: Equilibrium time for the adsorption of phenolic compound and
carbohydrate by FPX 66 (with 45 mL of OMW at 25°C with 20% FPX 66

sorbent dose).
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phenol/L). The experiments of the adsorbent dosage effect were
conducted on 65 mL OMW. Agitation was maintained for 24 h
(125 rpm) at (25 + 2°C) and initial pH -5.24 at different adsorbent
dosage (5 to 40%). Figure 2 shows that the increase in adsorbent
dosage from 5 to 40% resulted in a increase from 20 to 70%
OMW phenolic and/or carbohydrate reduction. In general the
increase in the adsorbent dosage increases the number of available
adsorption sites thus the amount of adsorbed both phenolic and
carbohydrate compound increases. However this is not always the
case. The augmentation of adsorbent dosage over 20% gave ~ 70
and 60% of phenolic and carbohydrate reduction, respectively.
The limitation of the adsorption capacity at high adsorbent dosage
may be attributed to the complicated molecular structure of
polyphenols including long chains blocking adsorbent active sites.
Consequently all our subsequent experiments were performed at
an adsorbent dosage of 20% of FPX 66 resin.

The results concerning the influence of initial polyphenol
concentration (g equiv. phenol/L) are presented in Figure 3.
When polyphenol concentration increases, the adsorption capacity
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Figure 2: Phenolic compound and carbohydrate reduction at different

FPX 66 dosage and the amount of adsorption at equilibrium (qe) (with 65
mL of OMW at 25°C after equilibrium time 24 h).
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Figure 3: Influence of OMW polyphenol concentration (C;: initial
concentration; g equiv. phenol/ L) on the adsorption capacity of 20% FPX 66.
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also increases for the same FPX 66 dosage (20%). The amount of
phenolic compounds adsorbed at equilibrium (q ) increased from
5 to 14 mg/g when the phenol concentration changed from 1.4 to
4 g/L. In previous adsorption assay of the removal of phenols from
coke wastewater with granular activated carbon as adsorbent [25]
indicated that the increase of phenol induces the augmentation
of the adsorption capacity also increases for the same dosage of
adsorbent.

Effect of pH on phenolic compounds biosorption: The most
important parameter influencing the adsorption capacity is the
pH of adsorption medium. pH solution of an adsorption medium
affects the adsorption mechanisms on the adsorbent surface and
influences the nature of the physicochemical interactions of the
species in solution and the adsorptive sites of adsorbents [12]. The
experiments of the pH effect were conducted on 45 mL OMW.
Agitation was maintained for 18 h (125 rpm) at (25 + 2°C) at the
predetermined optimal adsorbent dosage (20%).

The adsorption behaviour of phenolic compounds from OMW
was studied under various OMW effluent pH conditions (pH 3
to 11; Figure 4). At initial OMW pH 5.24 phenolic compounds’
and carbohydrates’ reduction reached 68 and 60%, respectively
whereas the adsorption capacity of phenols (qcyph, qcych) and
carbohydrates on FPX 66 tends to decrease. Phenol removal from
FPX 66 was high for OMW solution pH below 7.5, and decreased
(40%) for pH greater than 9.0. This is due to phenol solubility
increasing at higher pH values [26]. Thus high elimination (77%)
of phenolic compounds derived from OMW was achieved in low
pH values (pH 3 to 7.5). Considering that there is no necessity to
very accurate adjustment of OMW effluent pH for the removal of
phenolic compounds it is of great interest from a practical point of
view. Similar experimental findings were reported in other studies
considering phenols’ adsorption by Amberlite resins (namely XAD-
4 and XAD-7, respectively) from alkaline solution conditions [27-
29]. Phenols act as weak acids in aqueous solution thus potential
pH change in the solution has an impact on the dissociation
of phenol’s hydrogen ion. In acidic conditions the molecular
form dominates whereas in alkaline solution the anionic form
predominates. Experimental results show that OMW-phenols are
removed effectively (77%) by FPX 66 resin at acidic medium and
reduce at alkaline solutions but still significant (40%). Therefore,
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Figure 4: Phenolic compound and carbohydrate reduction at different
OMW effluent pH by FPX 66 (with 45 mL of OMW at 25°C after
equilibrium time 18 h with 20% FPX 66 sorbent dose).

Int ] Waste Resour, Vol. 10 Iss. 1 No: 373

OPEN 8ACCESS Freely available online

OMW phenols’ adsorption may be considered mainly as non-polar
phenols- resin interaction inducing van der Waals forces [29,30].
This behavior provides potential for recovery of the adsorbate
as well as regeneration of adsorbent by simple non-destructive
methods, such as solvent washing [30].

The effect of solution pH on the removal of various phenols from
aqueous solutions by adsorption can be discussed by considering
the theoretical distribution of various phenol species in aqueous
solutions. Since most phenols (POHs) act like weak acids in
aqueous solution, the dissociation of hydrogen ion from the phenol
molecules strongly depends on the pH level of solution (Eq. 1):

Ka
POH < PO +H*

o _Lror]lH] ()
‘" [POH]

where [POH] and [PO] represents the concentrations of the
molecular and dissociated ionic phenol species, respectively, and
K is the dissociation constant of phenols. Thus, the distribution
of POH and PO species can be calculated as a function of solution
pH. The molecular species, POH, is the predominant in acidic
solutions, whereas the ionic species, PO, predominates in alkaline
solutions [28]. Aksu et al. [31] studied the adsorption of phenols
on dried sludge reporting similar increase of adsorption at lower
pH values, and a decrease at higher pH values. Due to pH increase
adsorbent surface charge is being modified thus the number of
negatively charged sites increases. A negatively charged surface site
on the adsorbent does not favour the adsorption of phenolate ions
due to the electrostatic repulsion. Additionally lower adsorption
of phenolic compounds derived from OMW at alkaline pH is due
to the presence of excess OH™ ions competing with the phenolate
ions (anions) for the adsorption sites. At alkaline pH significant
adsorption (40 and 55% phenolic and carbohydrate removal) of
the anionic compounds on the adsorbent FPX 66 still occurred.

However other studies showed that phenol biosorption capacity
was strongly infuenced by the pH of the aqueous solution with an
observed maximum phenol removal at pH around 6 [30,32,33].
Lin et al. [33] reported that adsorption capacity of phenol onto
hydroxyapatite nanopowders was decreased with increasing pH up
to 8 and then increased with further increasing the pH to alkaline
value (maximal adsorption capacity at pH 2). The adsorption
efficiency of phenolic compounds from OMW by banana peel
increased at high pH solution (pH 7) [12].

Adsorption isotherms

Vavouraki et al. [23] studied
describing both important isotherm equations of Langmuir

adsorption equilibrium by

and Freundlich. Table 2 presents the isotherm constants and
the correlation coefficients of both Langmuir and Freundlich
isotherms. Adsorption experiments of phenolic compounds on
FPX 66 were conducted to determine the equilibrium isotherm(s).
Standard volume of 100 mL of OMW effluent was used at known
concentration of phenolic compounds (4 g/L). The system was
agitated for 12 h (125 rpm) at constant temperature (25°C) at initial
pH 5 at five adsorbent dosage (5, 10, 12.5, 15, 17.5, 20%). Figure 5
demonstrates the adsorption isotherms of Langmuir (Figure 5a) and
Freundlich (Figure 5b) of phenolic compounds’ adsorption using
FPX 66 resin. Both Langmuir and Freundlich isotherm constants
and the correlation coefficients were calculated (Table 2). Derived
correlation coefficient values (R?) prove that the adsorption of
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Table 2: Langmuir and Freundlich isotherm constants and correlation coefficients (R?) for the adsorption of phenolic compounds in OMW samples by

FPX 66°.
Effluent Langmuir
Q, b R,
mg/g L/mg
oMW 19 0.002 0.1

@ Adsorption is at controlled temperature (25°C) and is based on total phenolic compounds (in equivalent phenol/L).

(2)

2004 Equation y=arbx

Adj. R-Square 09999
Value | Standard Error

Celge Intercept  24.88299 052767
Celge Slope 0.05306 2.3336E-4

180 =

—— Langmuir fit

160

80 T T T T T T T T T
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C, (mg/L)

Freundlich
R? K, N R?
mg~LY/g
0.9999 3.74 5.4 0.9797
T T
Equation y=a+bx
n Adj. R-Square  0.97976
Value Standard Error
logae Intercept | 0.57356 0.03917
logge Slope 0.184 0.0118 _
n

——Freundlich fit

1.17 5

Iogqe

1.20 1
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logC,

Figure 5: Equilibrium isotherms of a) Langmuir fitted and b) Freundlich fitted equations of phenolic compounds derived from OMW effluent on FPX

66 resin.

phenolic compounds from OMW is well fitted to both Langmuir
and Freundlich models. The calculated parameters for phenols
compare very well to reported parameters in previous preliminary
study [24]. Buran et al. [19] studied the adsorption of anthocyanins
and polyphenols from blueberries using macroporous adsorbent
resins including FPX 66. Equation constants and correlation
coefficients of both Langmuir and Freundlich isotherms were
defined and lower compared to our study.

Adsorption kinetics

Kinetic model of phenolic compounds adsorption: Adsorption
kinetics has been proposed to elucidate the adsorption mechanism.
The mechanism of adsorption depends on the physical and
chemical characteristics of the adsorbent as well as on the mass
transport process. The mechanism of the adsorption of phenolic
compounds derived from OMW was investigated and the potential
rate-controlling step, i.e., mass transfer or chemical reaction was
examined. In this study the capability of pseudo-firstorder and
pseudo second- order kinetic models was examined.

The equations for the pseudo-first-order and pseudo-second-order
kinetics are presented (Eq. 2 and Eq. 3, respectively):

ln(qe_qr):ln(qe)_klt (2)
t 1 t
e 0)
4q; kzqe q.

where g_and g, refer to theamount of phenolic compounds adsorbed
(mg/g) at equilibrium and at any time, t (h), respectively; k, (h™) is
the equilibrium rate constant of pseudo-first-order sorption and k,
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(g/g h) is the rate constant for pseudo-second-order kinetics. Table
3 presents the measured kinetic model values thus theoretical q_
values, rate constants (k,, k,), correlation coefficients (R, R,). The
correlation coefficient of pseudo second-order equation is
higher than that of pseudofirstorder (R’). Adsorption experiments
of OMW polyphenols on different adsorbent FPX 66 dosages (5
to 20%) showed that when the dosage is increased, the adsorption
capacity decreased in both kinetic models. For pseudo-first-order
adsorption kinetic the adsorption capacity decreased from 11.3 to
6.4 mg/g for 5 to 20% FPX 66, respectively. For pseudo-second-
order adsorption kinetic the adsorption capacity decreased from
20 to 13.3 mg/g for 5 to 20% FPX 66, respectively. The theoretical
ge value calculated from pseudo-second-order was more close
to the experimental ge value (17 mg/g) than from pseudo-first-
order. Therefore the pseudo-second-order kinetic model fits for
the adsorption of polyphenols derived from OMW on the FPX
66 resin. Similar findings were observed by Achak et al. [10] and
proposed that possible chemical sorption in the adsorption process
may occur indicating the rate-limiting step for the process. Similar
finding to our study Buran et al. [19] suggested that the pseudo
second order model appeared to be better than pseudo first order
in describing the adsorption kinetics of total phenolics from
blueberry water extracts on macroporous adsorbent resins i.e. FPX

66.

Diffusion model: Achak et al. [9] described the intraparticle
diffusion model (Eq. 4):

q, =kt +C 4)

where q, is the amount of phenolic compounds adsorbed at
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Table 3: Kinetics constants and the correlation coefficients for pseudo-first and pseudo-second order kinetic models regarding OMW effluent adsorption

on FPX 66 resin.

OMW Effluent Pseudofirst-order
FPX-66 dosage q, (mg/g) k, (h)

5% 11.3 1.20

10 11.5 1.06

15 8.9 1.43

20 6.4 1.72

Table 4: The parameter of the intraparticle diffusion model for the
adsorption capacity of 20% FPX 66.

Polyphenol concentration K C R?
g eq. phenol/L mg/gh'? mg/g

1.37 0.60 2.98 0.13

2.46 1.58 6.26 0.19

4.18 2.12 8.24 0.21

equilibrium (mg/g) at time t, k is the intraparticle diffusion rate
constant (g/gh'?) and C is the intercept (mg/g).

The correlation coefficients were calculated for different phenol
concentration values for 20% FPX 66 (Table 4). All correlation
coefficient values are by far lower than that of the pseudo-second-
order model. Therefore, the pseudo-second order model prevails
among the three kinetic models to describe the adsorption
behavior of phenolic compounds onto FPX 66 resin. The pseudo-
second-order adsorption mechanism seems to be predominant and
the overall rate of the adsorption process appears to be controlled
by the chemical reaction.

Regeneration studies: Regeneration experiments were performed
in a water bath shaker at 125 rpm for 24 h at controlled temperature
(25°C). The percentage of recovered polyphenolic compound and
carbohydrate values were calculated using the Eq. 5:

%R =S, )
C.

where C and C, is the initial concentration of polyphenols
(or carbohydrate) and concentrations of polyphenols (mg eq.
phenol/L) (or carbohydrate; mg eq. glucose/L) in tested OMW
effluent, respectively. The pH OMW effluent during regeneration
experiments was corrected during adsorption experiments.

As the effluent pH was increased, the percentage of recovery of
polyphenols during resin-regeneration decreased from 70 at pH 4
to 60 and 40% at alkaline pH values (Figure 6). Additionally the
percentage of recovery of carbohydrate during resin regeneration
decreased from 60 and 55% at pH 4 and 7.5, respectively to 40 and
35% at alkaline pH values. In agreement with previous study [9] the
recovery of phenolic compounds increased in an acidic medium
and decreased in an alkaline medium implying that the main
mechanism of regeneration might be the chemisorption. Thus
the recovery experiments of polyphenols and carbohydrate carried
out with an organic mixture of 50/50 (v/v) ethanol/isopropanol
suggested that the adsorption is held by the adsorbent through
chemisorption. At low pH values the number of positive charged
sites exceeds. A positively charged surface site on the adsorbent
favours the recovery of phenolic compounds due to electrostatic
repulsion. At pH 4, a significantly high electrostatic repulsion
exists between the positively charged surface of the adsorbent and
phenolic compounds.
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Pseudo-second-order

R? q, (mg/g) k, (/g h) R
0.83 20 0.15 0.95
0.89 14.5 0.43 0.97
0.87 14 1.01 0.96
0.82 13.3 1.88 0.94
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Figure 6: The percentage of recovery of phenolic compounds and
carbohydrates at different OMW-effluent pH by ethanol/ isopropanol (in
a ratio of 50% to 50%) (with 45 mL of OMW at 25°C after equilibrium
time 18 h with 20% FPX 66 sorbent dose).

CONCLUSION

Langmuir and Freundlich isotherm models were very well fitted to
describe the adsorption process of polyphenols derived from OMW
on FPX 66 resin. The adsorption kinetic of phenolic compounds
derived from OMW onto FPX 66 can be best fitted by the pseudo-
second-order model. At initial pH 5.24 of OMW a 68% and 60%
reduction of phenolic compounds and carbohydrates, respectively
was observed. Regeneration of adsorbent resin with an organic
mixture of ethanol/isopropanol (in a ratio of 50 to 50%) showed
a 70% and 60% recovery of polyphenols and carbohydrates,
respectively at pH 4.
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