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ABSTRACT

This paper evaluated the removal of poly-phendasfolive mill wastewater in a batch reactor as norad by
adsorption using tow natural materials, namely saantti commercial starch. It was found that for tteme
experimental conditions (similar OMW, stirring rateontact time and initial pH), starch is more sk for this
treatment. This physicochemical process effectiaibbyved the removal of more than 70% of phenalimponents
present in the OMW solution while the treatmenhw#nd lowered their concentration by only 45%.e Effect of
pH and adsorbent concentration was also studiedsamilar important results were attained with th@sarbents at
specific pH. Furthermore, kinetic models and ad$orpisotherms were determined for each adsorbent.
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INTRODUCTION

The olive oil industry generates liquid effluentslarge quantities and the main waste is the atile wastewater
(OMW). In the Mediterranean Basin, the annual podide of OMW can exceed 30 million%fi]. Knowing that an
inhabitant rejects annually an average of abolK@of BOD, the OMW produced in the world can matice waste
of 21 million people. Various quantities and comiposs of effluent are obtained depending on thges! being
pressed, the climatic conditions and the extractimechanism [2]. The OMW ranges from black to da-r
reflecting the presence of phenolic compoundgHtss generally between 4 and 5. The high leveogicity of this
effluent is due essentially to polyphenols contemganic matters, COD of 100-150 g/L, BOD of 20Q, gbtal
suspended solids (TSS) and total dissolved solid3S]. Adsorption using low-cost adsorbents becomes
effective and economic method for wastewatersnmneat [3].

Many studies have been proposed for treating OMM¢hsas evaporation ponds [4], composting [5], ttedrm
treatment [6], and physicochemical process [7]., Btitthe best of our knowledge, few among themctick the
attention to the treatment by natural adsorbemtasqls and sand) which were applied to urban wasti@; 9].
Starch is an energy storage material for livingnfdathat is composed of two poly-glucans: amylopeend
amylase and a single type of carbohydrate: gludos®inexpensive and very abundant in the woddanixture of
natural polymers. That is why; there is an incnegsiterest in its efficiency as a renewable ravemal for non-
food industrial applications. Starches are charieté by several properties such as hydrophilidy-unctional,
biodegradable, high chemical reactivity, and adsongcapacities [10].

Recently, Crini invented a new cross-linking stai@t-exchanger material, namely starch-enrichedrf(provided

by a flour mill situated in Patornay, Sauvin SAaite). The use of sand in the decontamination oMOM
considered as a biological treatment by bactetililices that are economic, available and not toxic.
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The purpose of this work is to investigate thecédficy of these adsorbents and to study the effdfctglsorbent
concentration; contact time and pH. The mechani$radsorption was described through various te&es the
equilibrium isotherms analyzed according to thedranir and Freundlich models.

EXPERIMENTAL SECTION

2. 1. Experimental set up

The materials used for our experiments were thenoertial starch obtained from corn grains and timel sallected
from the beach of Kelibia, North Tunisia. The OMVéne& obtained from a three phase continuous extraédictory

in Sfax, South Tunisia. It was filtered and conseérto prepare a stock solution for kinetics andilgium tests.
Sodium carbonate anhydrous J8&s;, Methanol solvent and Folin Ciocalteu’s phenolgesa were bought from
Fluka and UV-VIS spectrophotometer (Aquarious CEQIE 7400) with high accuracy was used for absomanc
measurements in all experiments.

The adsorption capacities of the material were mosil with the spectrophotometer by converting gieace data
into concentration data to be plotted as a functidrthe different parameters in each experimeninBlic

compounds were quantified by means of the Folirc@lieu calorimetric method using a calibration euwith the

Gallic acid as standard [11].

2.2. Experimental Method

The experiments were conducted in a batch readtbout any further chemical treatment to ensureeeonomic
and non toxic procedure and to promote the adsorgthenomenon at the solid/liquid interface. Weehstudied
the efficiency of sand and commercial starch inrdraoval of pollutant from the OMW and the inputfout liquid
was analyzed for total polyphenols.

Adsorption isotherms [10] were performed using dtad procedure that consists in mixing a fixed wwduof
OMW solution with a known amount of adsorbent innttolled conditions of contact time, agitation rate
temperature and pH. This process is favored forllsamal medium size applications since it is chespple to
operate and provides easily interpretable results.

In each experiment, 20 mL of OMW solution, contaghain amount of 8, 82 g/L of polyphenols, were miwgth a
determined weigh of material at the desired comaéinh in a tightly closed flask. The solution wstgred on a
thermostatic shaker at a medium agitation rate.nTitewas filtered to remove any adsorbent parsickend the
filtrate was analyzed using the Folin Ciocalteuges@. Absorbance was measured by a UV/vis spduitometer
at the maximum absorption wavelengity4 = 750 nm). The concentration was estimated qusiviily with the
use of a linear regression equation obtained bitipipa calibration curve of the Gallic acid overange of
concentrations.

The amount of polyphenols adsorbed by the matatitime t (¢ was calculated from the mass balance equation
given by (1). At the equilibrium time (G G, g = ), we used (2) to determine the amount of polypleno
adsorbed g We also determined the percentage of polyphaeai®val (R in %) by using (3) [10].

6= V(G-G/m 1)
0= V(G-G&/m )
R= 100(G- C) Go 3

Where: - G and Gare the initial and final polyphenols concentrasdmg/L),
- V is the volume of OMW solution (L)

- m is the mass of adsorbent used (g)

- C. is the concentration at equilibrium (mg/L).

Effect of adsorbent concentration: Different sauo8 were prepared with a fixed volume of OMW andows
concentrations of materials (15, 50, 75, 100 arm@gAy. The experiments were conducted for 20 h58C2and at
natural pH which is low (4,7) owing to the presené@henolic acids and fatty acids;

Effect of initial pH: In this experiment, the candration of 15g/L was chosen for starch and 10@gylsand since

they lead to the elimination of about 50% of polgpbls with a moderate amount of material. The smistwere
studied at different pH (from 2 to 10) for a comsteontact time, 20h; the initial pH was adjustethg either HCI
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or NaOH. The pH value modification after contacthaihe material did not affect the determinationttod final
polyphenols concentrations. This study allows te&dnination of the optimum pH at which maximum o=
could be achieved.

Effect of temperature: Different tests on sand stagdch showed that adsorption capacity of the nadtieraffected
negatively with the temperature variation. For ti@iason, this study was found to be useless footienization of
the adsorbent efficiency. Generally, the adsorptibarganic pollutants onto a material is definedaa exothermic
mechanism. Therefore, the temperature increase waliken the physical and chemical bonds betweesethe
compounds and the active sites of the material [12]

Kinetic experiments: Polyphenols adsorption ontdemal was conducted for various time intervalsd&iermine
when adsorption was reached and the maximum abatemas obtained.

RESULTS AND DISCUSSION

3.1. Effect of the adsorbent concentration

We varied the concentration of the material witltamtact time of 20 hours for each experiment tcchethe
adsorption limits. The figures (1) and (2) show taeiations of polyphenols concentrations in OMWy(h) versus
adsorbent amount for respectively starch and sand.
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Fig. 1. Effect of starch amount on polyphenols comntration. (The concentration of starch ranges fronD to 150 g/L)
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Fig. 2. Effect of sand amount on polyphenols conctration. (The concentration of starch ranges from (to 100 g/L)

Analysis of the graphic (Fig.3) indicate that skare more efficient than sand in decreasing theamigload in the
effluent. The polyphenols concentration fell by 52%2%, 69%, 73% and 86% for different adsorbent
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concentrations respectively 15g/L, 50g/L, 75g/L,04L et 150g/L. Polyphenols concentration decreased
significantly with 15g/L of starch from 8,82 g/L th22 g/L. The adsorption rate of polyphenols moles increased
proportionally with the addition of starch and b@eaalmost unchanged at 100 g/L with a concentraifomearly
2.31 g/L.

100 - R %
90
80 - 750

| 150g/L
oL 100g/'L m starch
70 50g/L msand
60 - 15¢/L
50 -
_I_ |
30
20 -
10 4 ¢
1 2 3 4 5 6

o

o o

Fig. 3. Adsorption rate of polyphenols. (Comparisorof starch and sand adsorption capacities for a rage of concentration from 0 to 150
glL)

In the case of sand, the removal of polyphenadlsss important for the same concentrations of riztdfor 15 g/L,
the amount of polyphenols decreased to 6,67 g/Lreached only 50% at a concentration of 100 g/Lickvis huge
and not economic.

It is understood that when the adsorbent dosagehiggeer, the number of active sites increases tepth the
increase in the amount of adsorbed components.,Tthenadsorption process was carried more effilgiesmd
rapidly.

3.2. Effect of the initial pH
The contact time for each experiment is 20 hourthatoptimal adsorbents concentrations (15g/L farché and
100g/L for sand).

The pH of the solution is the most important par@manfluencing the adsorption capacity. It affeitts adsorption
mechanism and the physicochemical interactionsdetvthe polyphenols and the adsorptive sites afrbdats.

The results (Fig. 4) show that starch adsorptigracay is favored in an acidic medium with a maximadsorption
rate of 70% at pH = 5,5 while in a basic medium gfficiency decreased dramatically and reacheereeptage of
40% at pH = 9. We can admit that this material acthe wide pH range of the solution which is gailg equal to
4,7. At this pH, the surface of starch becomestpety charged and polyphenols molecules negativélgrged
which contributes to higher adsorption capaciti@em a practical point of view, this will be vemtéresting since
it will not require very accurate adjustment of #$@ution pH. When pH exceeds 6, low adsorptionliserved
indicating a possible development of negative ohangthe material which creates repulsive forcekiahibits the
adsorption process [13].

These results are in agreement with Thawornchargit Pakulanon [14] studies of phenols’ adsorptiondded

sludge which reported a decrease of adsorptioighehpH due to electrostatic repulsion betweemtigative sites
and the phenolate ions.

603



Fatma Chkili and Manef Abderrabba J. Chem. Pharm. Res., 2015, 7(1):600-610

10000 ) [l] ) = starch
polyp 1¢11Lw § —-@=sand
goo0 | (MeD)
6000
4000
2000
pH
0
0 ) 4 6 8 10 12 14

Fig. 4 - Effect of the initial pH on adsorption cagcity. (pH ranges from 2 to 12 for starch and fron? to 10 for sand)

Sand doesn’t have a clear behavior in both medidnakeed, in a strongly acidic solution (pH=2), lioeved the
removal of 50% of polyphenols. But, this abilitycdeased with the increase of pH and became very38t+12%)
at pH between 4 and 8. Then, the sand efficieneg to 54 % at pH = 10. This behavior demonstrated &an
increase of the pH to high-alkalinity (pH > 8) riéed in an increase in the polyphenols adsorptapecity.

The effect of pH on adsorption cannot be limitedatesurface charge modification or as a result ettek
interactions. Many other factors such as weak fonateractions, ionic strength and irreversiblediigs can lead to
adsorption of molecules on adsorbent surfaces edlyea the case of bio-adsorbents.

—d—starch

%50 = j =@—zand
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0 time(Lliln)
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Fig. 5 - Adsorption kinetic of polyphenols

3.3. Kinetic experiments

A good pollutant adsorbent in wastewater decontatign is characterized by a high adsorption capagit also a
fast rate. Therefore, adsorption kinetic is verpamriant for the selection of materials since itatliées the chemical
reaction rate. This process is mainly governedhgyrhass transfer of pollutants at the interfacelfiguid. The

experimental data (Fig. 5) for the adsorption kinet polyphenols were recorded for 8h at a conediotn of 15g/L

for starch and 100g/L for sand in order to haverckppearances of the variations. The obtained glwuw that g

values increased with time until reaching a coristatue indicating that no more polyphenols wemagoeed from

the solution. This result indicates that, at thise; the adsorbed amount of pollutant was in aestétdynamic

equilibrium with that being desorbed from the atismt. This equilibrium was established after 246 for starch

and 150 min for sand and there is no significamirowement for a further contact time. Adsorptioteraf phenolic

compounds on starch and sand can be considered fasteln than those reported for some other adstwbEor
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example, the sorption equilibrium of phenol on dreewage sludge [14] and adsorption of bromopheownis
carbonaceous adsorbents [15] was reached withim@0I8h respectively.

We noticed that the curves have different appearasiicce starch reacts faster than sand. The imitiabrbed
amount increased rapidly with time since there waesy accessible sites. This result suggests sirdagactions
between polyphenols molecules and the materiatclga. After reaching the maximum of adsorptidre guantity
of adsorbed pollutant remained almost constants ©hidue to the decline of vacant active sitedhatend of the
process or to the formation of repulsive forcesMeen the pollutant on the adsorbent surface andbilie phase
[16]. Thus, the phenolic compounds must struggigetiointo the pores [17].

In order to investigate the mechanism of adsorptibich can be: adsorption surface, diffusion me@ras and/or
chemical reaction, the verification of the apprafikinetic model for each adsorbent was studieglbtfing the
most common models: first-order, pseudo-secondrpElevich and intra-particle diffusion models.

- Pseudo first order:

The pseudo-first order model (Fig.6) is expressgdhie equation: In (g— q) = In (q,) — kt where k (/) is the
constant of equilibrium rate ;@and qrepresent the amount of adsorbed phenolic compoimg) at equilibrium
and at any time, t (h) [18].

The pseudo-first-order parameters: k, correlatioafficient, theoretical and experimental wplues are given in
Table 1.

Table1 - Pseudo-first order parameters

parameter| q(e, exp) (mg/d) q(e, cal) (mglg) * R| k(™
Starch 29 32,346 0.980Pp 0.85¢
Sand 44,54 39,01 0.9694 1.7621

N

As shown in the table, the correlation coefficiéR{, R,” > 0,84) and the constant ky(k, > 0,5) are important and
the theoretical values of @re very close to the experimental values for laatborbents. These results confirm that
the pseudo-first order is appropriate to studyatieorption kinetic of polyphenols on starch andisan

In(q, — q;) —de—ctarch
=@—zand

y;=-0,8562x + 5,8594
R2=0,9809

y,=-1.7621x + 3.6638
R*= 0.9694

time (h)

0 1 2 3 4 5 6 7

Fig. 6 - Pseudo-first order kinetic model. (Ln (g— g) = f (t) and the corresponding equation (yfor starch and y for sand)
- Pseudo second order
The pseudo-second order is examined by plottingctivee t/q based on time, according to the equation: %/q
1/(kGmayd) + (L/gma)t where K is a kinetic constant of the pseudo-sdamder [19].

The figure (7) indicates that this model doesn'trelate with the experimental results of starchy (RO, 0489)
while it absolutely describes the behavior of sawer time (R = 0, 9892). The results are gathered in Table 2.
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Table 2 - Pseudo-second-order parameters

parameter] q(e, exp) (mg/d) q(e, cal) (mgfg) ° R| k(mg'g mir?)
Starch 29 100 0.0489 0.0049
Sand 44.54 47.62 0.9892 0.021

We noted that sand adsorption kinetic can be esptewith both pseudo-first and second order equatiut the
pseudo-second order gives a better descriptior $he correlation coefficient is higher and the,cgb is closer to

g(e,exp).

16 7 —@—:zand
14 —i— Starch
12
10 4 v, =0.021x + 0,3728
R*=0.,9892

8 -

6 4

4 - v, =-0,0049% +2.6314

B== 10,0489
5
0 T T 1
0 100 200 300 400 500

Fig. 7 - Pseudo-second order kinetic model. (¥¢ f (t)

-Elovich model
This model (Fig. 8) can be described as:=d/b Ln(ab) + 1/b Ln(t) where the constant ahis initial adsorption
rate and b is related to the activation energythadhdsorption heat [20].

350 qQ ——starch
300 - —&—:and
250 -
1 =60.572x - 89.033
200 Y1 - :
R==10.7211
150 -
oy v, = 6.6054x + 9.2005
R>=0.9395
50 -
Ln(t)
i_ﬁ T T T 1
-1 1 3 5 7

Fig. 8 - Plotting of the Elovich equation. (g=f (Ln (t))

We noted that the adsorption kinetic of starch £he’represented with the Elovich modef<m®.7211) while we
can adopt it in the case of sand<£M®.9395).

- Model of intra-particle diffusion

The intra-particle diffusion model (Fig. 9) undeds the heterogeneity of the particles of the riatén this model,
the adsorption is first described by an externadsrteansfer followed by an intra-particle diffusiday means of the
equation of Weber-Morris:
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G = ki t72+ G [21; 22].
Where ky; (mg g's'/? is the constant of step i; 8 a constant describing the thickness of theusiiéh limit layer.
If the curve g= f (t'?) is linear, we conclude that the intra-particléfiiion is produced, and if the curve passes by

the origin, than the process is limited only byfulfon. If not, then there is another limiting facthan diffusion
[23; 24].

400
Qs —dr—starch

—B—:and
vy =17,681x - 27,943
250 R*= 10,8441

vy =2,2274x + 12,54
R>=0.7138

tla’2

10 15 20 23

1
il
=
i
)

Fig. 9 - The intra-particle diffusion model for the starch adsorption. (q = f (t*?))

The Figure (9) shows that the intra-particle difimsmodel doesn't fit the adsorption kinetic of yuthenols on
starch (R = 0.8441) and sand {R 0.7138) since the?Ralues are much lower than those of the pseudbdider
and the pseudo-second order.

3.4. Isotherms studies

The equilibrium relationship between adsorbent asbrbate is described as the polyphenols disibietween
the solid and the liquid medium at this point. Thi'enomenon is converted into adsorption isotharsisg the
available mathematical models [25].

Adsorption isotherms are very useful since theyia® information about the adsorbent efficiency addorption
isotherm constants which reveal the surface prigsethe adsorbent affinity and the adsorbed lagrercture.

The shape of an isotherm gives a prediction ofat®ritism and also an idea about the solute-sarfateraction
[26]. The variation of the amount of adsorbed pbbmols at equilibrium £(mg/g) based on the polyphenols
concentration in solution {mg/L) is determined. The curve,® f(C.) represents the adsorption isotherm. These
experimental data are then correlated with mathiealanodels among which, Langmuir and Freundlicitherms

are the commonly used in the determination of te&imum adsorption capacity of the material andatisorption
constant K4 which characterizes adsorbent-adsorbate interectigor this, the curve 1[G f (1/C) was plotted
(Figure 10) to study the Langmuir model whose eiquais valid for a monolayer adsorption on a swefadth a
limited number of identical sites:

1/Qe = 1/ Qnax + (1/ Quax Ki).1/Ge
Where K is the equilibrium Langmuir constant that showes dlfffinity of binding sites.

This model is mainly used for a pollutant removahf a liquid solution. It is based on the concépt the adsorbed
energy is uniform during the adsorption processamests that polyphenols occupies specific homames sites
within the adsorbent. Only one molecule can be dudgbat each site [27]. The main characteristithefLangmuir

isotherm can be defined by the constant callecethglibrium parameter R= 1/(1+bG), which indicates the type
of isotherm:

(R. = 0): irreversible
(0 < R <1): favorable
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(R. = 1): linear
(R. >1): unfavorable [28].

The obtained results (Table 3) confirm that theogotson of phenolic compounds on starch and sarfdvisrable
and has Rvalues between 0 and 1.

== starch
0,025 1 1/Qe y=169,7x-0,0174 —sand
R*=0,9625
0,02
0,015
v =38,325x-0,0028
0.01 R*=0,9655
0,005
1/Ce
0
0 0.0002 0.0004 0.0006 0.0008

Fig. 10 - Langmuir adsorption isotherm. (Isothermsallowed the determination of the layer category fothe adsorbed molecules, 1/(- f
(1/Ce)

While the curve In (§ = f (In (&)) is designed to study the Freundlich model (Féglt) which the equation is:
Ln Qe = Ln(Kg) + (1/n).Ln(Q) with K- is the Freundlich constant related to the adsmrptapacity of the
adsorbent and n is a constant indicating greatfesdsorbate-adsorbent relationship.

This model is mostly used in the case of heterogesisites with various fixation energies and esphldin the case
of a possible formation of more than one adsorptimonolayer. The equation suggests that adsorptiemgg
exponentially declines on completion of the avddatites of the adsorbent. We concluded that tlseration of
phenolic compounds on starch and sand is favoetilehas an n value between 0 and 1 (Table 3).

6 —starch

Ln (Qe)

4 /
v=14997x-7,328 y=2,5065x-17,208
R*=0,9493 R*=0,9345

— sand

N

Ln (Ce)

7 7.5 8 8.5 9

Fig. 11 - Freundlich adsorption isotherm. Ln (Q) =f (Ln (C¢))

The correlation coefficients show that the phenalienpounds adsorption in this study can be fittéth Wwoth
Langmuir and Freundlich models. This result suggastormation of mono and hetero-layer phenolic poumds
on the adsorbent surface. This phenomenon cangiaieed by the chemical nature of the surface efrtfaterial.

The adsorption capacity may be affected by the urdferm energy levels resulting from the variouteirsities and
distributions of the active functional groups. bcf, monolayer coverage is induced by active centéth lower
energy level while the hetero-layer is formed bgsta with higher energy level due to their strongnaital bonds
[29].
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Table 3 - Adsorption isotherms parameters

Starch Sand
Qmax =357.14 Qmax =57.47
K. =7,30.10 K. =10*

R. =0.608 R. =0.525
R2 =0,9655| R? =0,9625
n =0.6668 n =0.399
Freundlich| Kr =6,56.10" | K =3,36.1C°
R2 =0,9493| R? =0,9345

Langmuir

Table 4 - Adsorption capacity of phenolic compoundby various adsorbents reported in literature

Adsorbent Qa Reference
Activated coal 1.84 [30]
Resin AP-246 0.071 [31]
Coconut shell 205.84 [32]
Banana peel 688.9 [33]

The adsorption capacity of low-cost adsorbentsteébr the removal of phenolic compounds is preseim the
table 4. It is clear that sand has a medium adsorpapacity (Qax = 57.47) compared to the other adsorbents while
starch is considered with a high capacity,{& 357.14).

CONCLUSION

Natural adsorbents used in this study have pravein éfficiency in the removal of phenolic compoaritbm olive

mill wastewater. The main characteristics of theaadtion process on sand and starch can be sunadarizfollow:

» The tow materials allow the removal of pollutémm the OMW but starch has a better and fasteorption rate

than sand with the same adsorbent concentratiewsaling that starch could be employed as a promisisorbent
for phenolic compounds elimination.

» The pH played an obvious effect on the phenddimgounds adsorption capacity. The variation of pbws that
the adsorption rate of starch is maximum 70% aHa=p6 with a concentration of 15g/L while sand aweith a
concentration of 100g/L to reach only 52% at a éigtH =10.

» Both Langmuir and Freundlich isotherms are appab@ to describe the adsorption of phenolic conmglsuonto
starch and sand.

» The adsorption capacity increased with time aathed a determined limif,g in 4 h of contact with starch and
1h.30min with sand.

 Adsorption kinetics followed mostly the pseudwstfiorder model with starch and the pseudo-secoddr avith
sand.

* All the results showed that the starch and saatkrials were efficient low-cost adsorbents for temoval of
polyphenols from OMW.
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