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Abstract: Lemon peel, a discarded a-waste, was used as a biosorbent for removal ofghtade from
simulated wastewater by sorption process. characteristicef this adsorbent were tested by using F
in order to study the chemical compounds and oxidizompounds, also to know the functional gro
of organic compounds such as amino groups, carpbydroxyl and carbonyl. The influence of varic
practical factors such as pH; adsorbent dosage, contact tmi&l concentrations of phosphate &
temperature have been investigated through a dmitoh experiments on the removal process effigie
Equilibrium isotherm and kinetic study models obpphat sorption onto adsorbents were also stuc
Langmuir isotherm was found to be the approprigigagon and a seco-order kinetic model was ust
to calculate the kinetic constants of inclusivecadon rate.The results indicated that adsorption is
endothermic process for phosphate remc
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1. Introduction
Phosphorus is a vital component, which has a mamribution in the agriculture

and industrial development [1]. N- point source of phosphate is an igneous rt
phosphorous where these rocks are exposed to gactoweathering and erosion
addition to exploration and therefore phosphorusrlbed in phosphate into the s
where absorbed by plant roots and this entersivlephrts by eating these plants ¢
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when the plants die and animals decompose then toaitle soil and water while the
point sources include an industrial cleaning salveewage processing and allowed
industrial effluent [2].

An environmental effect of the presence obgghates in the water is to stimulate
plankton and water plants that supplied a nutr#ti@ubstance for the other livings
which lead to an increase in the overall biodivgrsf the aquatic formation; but with
continued phosphate loading and there is a acctiomlaf phosphate in the surface
water ecosystem, the state of growing old procésake or superficial water ecosystem
will be rushed. Treatment processes for phosphave been investigated in previous
studies such as ion exchange, dissolved air flotatand membrane filtration [3].
Generally the most suitable to remove the phosphatigut in the industrial wastewater
is adsorption technique. This process will be atraetive technology whether
adsorbents are available and cheap.

Many researchers have utilized many of thé fyeel as an alternative to activated
carbon for being expensive, the using of agricaltuesidues as adsorbent is draw
attention broadly because of their available igeaguantities and low-costs in addition
due to the fact that the particles are relativegihtcarbon content and the existence of
porous structure [4]. The influence of sorbent delseup on a substantial extent on the
omposition and biochemistry, especially on funailogroups existing in cell wall
polysaccharides. Carboxyl groups can acts as aweagile in minerals sorption by
algal sorbents [5]. Pectin, a cell wall polysacataof higher plants, is based mostly on
galacturonic acid, and includes a large numberasbaxyl groups; it has a familiar
capability to preserve the cohesion of divaleniotat Thus, pectin-rich materials such
as citrus peels, which are extracted pectin comiaigrchave a high natural ability for
metal hooking. Numbers of pectin-rich by producterevexamined for their metal-
binding capabilities, including an apple waste,asuggeet pulp, orange and banana peels,
citrus and coffee husks, and various fruit mateyigich as numerous kinds of citrus
rinds [2].

Lemon peel is one of the citrus fruit peélsttconsidered as a natural sorbent in this
study to eliminate phosphate from simulated wastierviemon is one of the important
agricultural crops because it used as a constguentcooking, as decoration, and as in
juice in lemonade, carbonated beverages, and dilers

1. The experimental approach
2.1 Thereagents and Materials

Solutions have been prepared by meltingR®] salt with distilled water and then
diluted to get the required concentrations of phasp. Utilized all reagents were from
analytic reagent category.

2.2 Lemon peel as biosorbent
Citrus peels utilized in this study were gatld from the domestic fruit market in
Baghdad, Irag. It was washed with tap water, theulibtilled water; dried by sunlight
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for few days, after that in a furnaceat ®Dfor one day. These dried peels were grinded
and sieved to get particle size of 0.6 mm diameter.

2.3 Batch phosphate sorption experiments

Different parameters were investigated fonagal of phosphate by sorption onto
lemon peel such as pH, amount of adsorbent, phtsgbacentration, and temperature.
100 ml water volume with desired phosphate conaéintr mixed with lemon peel (as
adsorbent) in 250 ml Erlenmeyer flask was takenalbitests. After the equilibrium,
liquidation samples by using 70 mm filters (Whatinand the remaining phosphate
concentration was measured using SpectrophotorteEmo-genesys 10 UV, USA).
The quantity of phosphate removed ifgmgg™) was specific as follows [7]:

i V(G — Ce) (1)

m

Where, gis the quantitative ability of adsorption in mdfwpllutant/adsorbent), £
is the initial phosphate concentration in soluti@g;is the phosphate concentration in
solution after equilibrium has been reached, Vhis volume of the solution that is
adsorbent mass is exposed, and m is adsorbent mass.

3. Results and Discussion
3.1 FT-IR spectrogram

FTIR spectrogram of lemon peel before andrgihosphate sorption is proved in
"Fig.1'. It suggested that functional groups such as antgdroxyl, methyl, and
carboxyl were available in significant capacityeach samples of biosorbent. From
FTIR spectrogram of phosphate loaded biosorbdrdstseen that there was a change in
wave number of prominent peaks related to the giaisploading. This change in the
wavelength appeared that there was a phosphatm@iadtion occurring on the surface
of lemon peel. This analysis shows that functiagralups such as carboxyl, hydroxyl,
carbonyl and other aromatic was participant in phage ion adsorption on the surface
of biomass. The involvement of each functional graubriefed in Table 1.
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Figure 1: FTIR spectrogram of lemon peel before a@tel phosphate ion adsorption
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Table 1. Functional groups in control of Phosphate sorption by Lemon peel.

Wave number (cif) Functional groups After sorption of phosphate ttm

3402.43 Carboxylic acid, Amides, Alcohols, Amines 429.43
2427.94 Alkanes, Carboxylic acid 2924.09
1620.21 Amides 1624.06
1516.05 Carboxylic acid 1523.76
1404.18 Carboxylic acid 1411.89
1238.30 Ketones, alcohols, Alkyl halides 1242.16
1103.28 Ketones, alcohols 1118.71
1068.56 Ketones, alcohols 1072.42
1029.99 Ketones, alcohols 1033.85
898.83 Aromatics 918.12
810.10 Aromatics 813.96
659.66 Alkyl halides 663.51
621.08 Alkyl halides 628.79
555.50 Alkyl halides 578.64
466.77 Alkyl halides 474.49

3.2 Influence of various pH values

The pH dependent experiments were conduatéseen 3.5 to 7.5 in 100 ml with
50 mg/l initial concentration of phosphate and g.Cemon peel; these values of pH
were selected in order to avoid the direct preaifmnh of phosphate. The tests were
carried out at 150 rpm for 60 min at room tempertilihe removal efficiency by using
various value of pH is shown ikig 2'. It was found that the maximum removal occurs
at pH 5.5 and stabilizes from pH 6 to pH 8.
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Figure 2. Influence of various pH value on Phosphate Adsorption

There are three forms of phosphateP®, (dehydrogenate phosphate anion),
HPO,® hydrogen phosphate anion), or £@rthophosphate aniotffig.3, the form of
phosphate in the solution is dependent on the .pHiescribed inFig.4' [8] -and
equation 2, 3, 4 [9]. There aref;and HPQ? types in the pH range between 4 and
10. The concentration of RO, types is higher for pH lower than 7 whereas HPO
types occupy for pH range 7-10. When the pH is betw10 and 12 HPO
dominatesthe types of ROwhile at pH is higher than 12.5 the concentratb®Q,>
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types becomes considerable. Moreover, thgopKropyl amine (grafted on SBA-15) is

known to be 10.6 [9].

HaPOye—>  HPO, + H', pK1=2.15
HsPOye—p»  H2PG + H', pK2=7.20
HsPO/ <> PQ + H+, pK3= 12.33

\
X SN

5 10 12
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Figure 3.Forms of phosphate species in the solution.
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Figure 4. The distribution graphic of phosphate types as a function of pH

Boujelben et al: (2008) [4] mentioned that the leisfhremoval efficiency of PO
was at around pH 5 (0.25 mg/g) on iron coated ahamd engineered sorbent. Similar
observations have been found by Anirudhan et &0§2[1], Das et al. (2006) [3] and
Saad et al.(2007) [7] who that the higher adsomptif phosphate ions happen in pH 5
with using the DMAHP (98.7%), LDHs (91.7%) and ammuon functionalized MCM-
48 (34 mg/g). In the case of iron coated naturd|]APIP and LDHSs, the higher pH
value decreases the adsorption of phosphate becéuke increasing of competitive
influence of OH for adsorption on these adsorbents. While Saadl. ef2@07) [7]
explain the decreasing of phosphate adsorptionammonium functionalized MCM-48
above the pH 8 to the neutral charge on the adsbmubkich loses the electrostatic
attraction toward the accruing negatively chargedsphate anions HROand PQ¥in

the solution [5].
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3.3 Influence of various amount of sorbent

The influences of sorbent doses on equilibriuptake of phosphate was studied
with masses of lemon peels between 0.5- 2.0 g @@nil of water contained 50 mg/I of
phosphate with pH 5.5, 150 rpm for 60 min at ro@mperature'Fig.5' is illustrated
the results. Based on these results 1.5g was tekeptimum adsorbent dose for the rest
experiments.
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Figure 5. Influence of various amount of sorbent on the removal efficiency of phosphate

3.4 Impact of contact time

The impact of contact time of lemon peelstf@ removal of phosphate was studied
at room temperature; the experiments work out atri. It is observed thafig.6' the
removal efficiency was higher in the starting 50 min and, after that, the adsorption
rate become practical very slow and after 60 ntistarts unchanged. The variance in
the grade of adsorption possibly is due to thdtgetdat in the beginning all the sites on
the surface of the adsorbent were empty and th&tes@loncentration gradient was
comparatively high. As a result, the range of phasp elimination reduced to increase
the duration of exposure, which based on the nurabempty sites on the surface of
dose [10]. Because of these results 60 min wasitakeas the optimum time for the
remaining experiments.
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Figure 6. Influence of contact time on the removal efficiency of phosphate

3.5 Influence of different concentrations of phosphate

The influence of varying concentrations ofogphate (50-100-200 mg/l) in the
existence of lemon peel as an adsorbent was igatstl; all tests were conducted at
room temperature and 150 rpm agitation speed. &bgltrshown idFig.7', from this
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figure, it is found that an increase in initial gpbate concentrations decreased the
removal percentage of phosphate for the same amisodbading. This has been
attributed to the higher initial concentration oatif phosphate molecules to the space
available; therefore sorption is influenced by begig concentration [5].

Removal efficiency %
ul
o
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phosphate conc. (mg/Il)

Figure 7. Influence of phosphate concentration.

3.6 | sotherm model
Langmuir and Freundlich models were applied establish sorption activity.

Sorption isotherms evaluate the relation betweea s#tability of pressure or
concentration and quantity of adsorbate adsorbethéyunit mass of adsorbent at a
constant temperature. The model of Langmuir is:[11]

Qe = 120 (5)
Where: gis the sorbed phosphate ions on the biomass (mg/g¥ the maximum
adsorption capacity for monolayer coverage (mdagis the constant associated with
attraction of binding site (L/mg), and. & phosphate ions concentration in the solution

at equilibrium (mg /L).
And Freundlich model is [11]:

qe - KCel/n (6)

Where: K constant indicative of the proportional adsorptnility of the adsorbent
(mg/g), 1/n = constant expressive of the strendtthe adsorption (both K and n are
being expressive of the range of adsorption andgtiagle of non-linearity between
solution and concentration, respectively). The ltesof both models are presented in
Fig.8 and Table 2, respectively.

169



Journal of Engineering and Development Vol. 20, No. 02, March. 2016 www.jead.org (ISSN 1813-7822)

(o)

{a) 0.829x + 0.104y = 0.180x + 0.528y =
0.939=2 0.75 o.8i6=2/‘
02 ®
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Figure 8. Isotherm models (a) Langmuir model, (b) Freundlich model
Table 2.Parameters of Isotherm forms
Langmuir coefficients Value Freundlich coefficients Value
R° 0.939 R® 0.866
Om 9.615 1/n 0.528
B 0.126 K 1.514

In comparison witthe experimental isotherms with the theoreticatheom model:
appeaed that the Langmuir equation acted as the richaisable of the experiment
data for lemon peel compared with other isott equations.

3.7 Adsorption kinetic

Adsorption mechanism of phosphate is explainechbyadsorption kinetics mode
which these are pseudiost-order and pseudo-secoondder. A study of adsorptic
kinetics plays an important role in the efficiy and fielddeployment costs of a sorbe
[12]. The pseudo-firsbrder and pseutr-seconderder models, respectively, [1

ln(qeq - qt) =Inge — ki t(7)

t 1 t
L + — 8
e (kzqéq qeq) (8)

Where g, and g (both in mg 1) are the amount of phosphate adsorbe
equilibrium and at time correspondingly; (min™) and Kk (g mg* min™) are the
kinetics rate constants for the pseudo - and second order models, correspondir
"Fig.9' and Table 3 showed the results be

(a) (b)
5 -
40
20 3.143x + 0.288y =
0 . : . 0.960=2R
¢ 60 8 100 320
E5 PN 10
1.734x +0.102y = - 0
0.852=2R ' '
10- - time (min) 0 100

time ?rglin)

Figure 9. Kinetic models (a) Pseudo first order (b) Pseudo second order.
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Table 3.Parameters of Kinetic Models

Oeexperimental Pseudo-first-order Pseudo-second-order
Phosphate kl 1/min qecalculated R2 k2 qecalculated R2
3.115 0.102 5.663 0.852 0.026 3.472 0.960

From Table 3 it found that the theoretic eslwf g(cal) accepted well with the
experiential uptake valuesg(gxp.) in the case of pseudo-second-order modethé&iy
the coefficient of determination fRwas 0.960, suggesting that this sorption proaadur
can be described as well by using pseudo-secoret-prdcess.

3.8 Influence of temperature

The adsorption tests were realized to reketire influence of temperature on the
elimination of phosphate using lemon peels at diffe temperatures 20, 30 and %D
(293, 303 and 313 K) using phosphate solution tainitial concentrations of 50 mg/l,
agitation rate 150 rpm for 60 min and at constam$éosbent loading 1.5g. The
thermodynamic parameters were studied applicatieméext equations [10]

ko = (%)~ (57) ©
AG =AH %4ST (10)

Where Il is the distribution coefficientAH, AS, and T the enthalpy, entropy, and
temperature in Kelvin, respectively; R is the gasstant (8.314 J/mol K) and Gibbs
free energy changAG’. Influence of temperature change, the values sfritiition
coefficient and thermodynamic parameters are ptedeim "Fig.10, Tables 4 and 5,
respectively.

100 -
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Figure 10. Influence of change in temperature on the removal efficiency of phosphate
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Table 4: The distribution coefficients at various temperatures

Kq =2
Phosphate 293 k 303 k 313k
4,794 14.015 21.624 0.951

Table 5: The thermal parameters of Phosphate adsorption on the Lemon peel

AG(kJ/mol)
AH(J/mol)  AS (J/mol K)
Phosphate 293 K 303 K 313K
57.674 -210.677 -61.7283 -63.8351 -65.9418

From results it may be watched that the remova odtphosphate on lemon peels
increases with increasing the temperature. Thikates that the sorption of phosphate
is favored at high temperatures and endothermithesadsorption extent increased with
rising temperature.

4. Conclusions
Overall, the current search appears that:

« The lemon peel is effective biosorbent for phosphans removal from simulated
wastewater when appropriate experimental provisions

« Phosphate adsorption on lemon peel is extremelyented by the value of pH.
Best pH is found to be 5.5 and an adsorbent doskfjesg/100 ml with removal
efficiency of 93.34% at room temperature (approxeha25+5°C).

e The most favorable exposure time is found to benG60

» The adsorption isotherms of phosphate could bedesicribed by Langmuir-
model and Pseudo-second order kinetic model wadftmbe more suitable for
the process.

» The removal efficiency and the capability of sasptivere found to increase with
rising temperature, showing the endothermic charaftthe process.
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