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Introduction

Simulated wastewater is one of main problems fatiggmankind. These contaminations emanate
from agricultural and industrial activities . Thus, removal of these toxic pollutants from wastew anc
industrial wastes hdsecome a priority to environmentalists and techgistovorldwide [2]. The occurrent
of heavy metal ions such as mercury, cam and lead.etc within the environments at level abc
regulated amounts are regarded as risk to aquatichaman lives due its kidney, gastrointestinal ai
nervous system disruptions [3]. Lead, is an elemdrith has been used by mankind for centuries,be
regarded as a longstanding environmental contari

Heavy metals areleased into the environment in a nur of ways; by petrochemicals, photograg
materials and explosive manufacturing, processdmghs engaged in lead acid batteries, pulp anérg
refineries, printing, pigments, ceram glass paint, metal, phosphate fertilizer, oil, eleciosn wooc
produdion and also combustion of fossil fuel, forese$ir mining activity, automobile emissions, seas
and sewage wastewater [4], [5] and [6]. The extstenf lead in drinking water even at low conceitra
may cause diseases such as enceplthy, nephritic sydrome, hepatitis and anemia [7] and [8]. Lea
nonbiodegradable and can accumulate in living tisstilass becoming concentrated throughout the
chain, and can be readily absorbed into the hunwly.bEven a very small amount ccause severe
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physiological or neurological damage to the humadyb It is a general enzyme inhibitor and metabolic
poison, also causing semi permanent brain damadjenantal retardation in young children [9].

Recent studies have established that adsorpsimg natural materials is one of the promisewhhiques,
because of its simple design, ability to eliminat&vide range of pollutants from wastewater, avditgp
eco-friendly nature and low investment cost [10§l §h1]. The key factors in the selection of the raw
material are economy, eco-friendly, processabitiyst effective adsorbent and consistency of theriad
Biomass has a very complex structure but the maistduents of a plant cell wall are celldps
hemicelluloses and lignin that make biomass aurahtcomposite material. Generally, these strestare
composed of 70-90% cellulose and hemicelulose dred remaining lignin molecules. The cellulose
hemicelluloses are tightly bound to lignin molesuteainly by hydrogen bonds and some covalent bonds
[12] and [13].

Literature has shown that, there is no reporthe removal of Pb from industrial wastes using surface
modification of pistachio-hard shell based Schdké. The biomass is covered by a kernel and adwatgl
named pistachio-nut shells. The chemical compasiifoistachio shells determined previously inrliteres
[13].

The scope of this work is to develop effectagsorbent that are stable and to evaluate therpahce in
the adsorption of lead ions from aqueous solutidre experiments assess the adsorption of Pb2+a&nd th
stability of modified Pistachio-hard shell. Furthehis study has been focused on water treatment
application. To accomplish this, the experimentsewgerformed in laboratory scale with agueous &wnist
of Pb2+ ions. Also, this work demonstrates that Bistachio-Hard shell-grafted-Thiosemicarbazone
acetophenone is a good adsorbent for wastewatgnteat in term of mechanical stability and leadoeah
at different pH and temperature.

The experiments were repeated three timesagadhge values were reported. Further, the ernsr foa
the figures were so small as to be smaller thasyh#ols used to plot the graphs and, hence, motrsh

Material and M ethodology

A. Chemicals and Instruments Used

All materials and reagents used were of aitalygrade and used without further purificatiorDHB
Sigma-Aldrich, Merck, Molekula and Scharlau. BUQWElting point (B-545) Oven(Desert chamber pro),
pH meter (pH/ion 510), infrared spectrum (KBr dis¢ Thermo Mattson 300 FT-IR spectrophotometer),
UV-Vis spectrophotometer (Aglient Technology Cary UV-Vestrophotometer) and incubator
shakenGFL 3031)are used for characterizing and determination nfr®sized compounds.

Preparation of synthetic wastewater

Synthetic wastewater samples were preparagsing analytical grade lead nitrate (99 %Sigma-istgr
by using double distilled water. The stock solutieas prepared by dissolving the salt Phfth double
distilled water, which contains 1000 mg/L. Workisgjutions of 10, 25, 40, 80, and 100 mg/L were greg
by dilution. The pH was adjusted using 0.1M NaOld 8rilM HCI solutions. The concentration ofPlvas
measured usingV-Vis spectrophotometer.

Synthesis of the Schiff base (ThiosemicarbazonetApbenone TAE)

Acetophenone were mixed in 1:1 molar ratietimanol with thiosemicarbazide. The resultant nnixtu
was refluxed for 5 hours. After removing the excetbanol by evaporation, the resulting precipivess
filtered off and re-crystallized from ethanol, timelting point was 117-1%€ [1].

B. Preparing of Pistachio-hard shell-graft-thiosemichazone acetophenone composite
matrix(PH-g-TAE)
The pistachio-hard shell used in this work whtined from peeling the nut fruits which wasaitéd
from the local market. The hard external peel wakedusing house mill and then sieved into diffare
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particle sizes the fraction 250 pd < 500 pm was selected [9] and [10]. The sieved pided hard shell
was washed with double distilled water many tin@sdust and fine removals. The prepared hard el
dried atl08C over night, cooled and stored in a desiccatotd tequired for use. The adsorbent was
prepared by mixing 19/250ml solution by treatinghathiosemicarbazone (0.5% wi/v) stirring atG5or
period 3hrs. After the treatments, the material fillesed and washed with double distilled waterémove
an excess of chemicals. Finally, the modified doksoir kept in air-free oven monitored at 105

Batch experiments

In this work, surface modified cross-linkedhBicbase obtained using thiosemicarbazone acetapie
was grafted onto the surface backbone of the bispzasl entrapped physically within the compositérisna
to produce highly effective adsorbent. Pistachiodhahell mainly composed of cellulose or cellulose
derivatives are one of the widely examined biop@ysn due to its non-toxic nature, availability dngh
adsorption capacities [10]. Thiosemicarbazone abetoone, main inorganic component of bones ant,teet
has displayed high adsorptive capacity for remo¥étad ions from contaminated effluents [11].

The adsorption capacity, mechanism andratipe parameters such as contact time, adebrb
dosage, initial dye concentration, adsorptiemperature and pH of dye solution were @qu in
detail. Adsorption kinetic, thermodynamic argbtherm models were used to analyze the ibguih
data.

C. Optimization of PB* ions sorption and determination of the adsorptiGapacity
The key factors affected the sorption process whjtimized on lead such, temperature (298, 303343
K, pH (2, 4, 6, 8 and 10), biomass (50, 100, 15 200) mg, contact time (2, 4, 6, 8 and 10) hrsiaiticl
PE* concentrations (25, 40, 100 and 150) ihg.|

After the modification of the surface biomdsas been done, the optimum weight of the modified
biomass was suspended in 100ml of a solution auntaidifferent PB" concentrations and the solution was
continuously stirred on a shaker (180 rpm) at 3faftChe optimum contact time [12]. After the corttdme
reached, the supernatant liquid was collected Ibgréd through 1 pum filter membranes and analyzed f
PE* ions using UV_Vis spectrophotometer [13]. Furtherey all the sorption experiments were repeated
twice to confirm the results. Also blank (withoubimass) experiments were conducted to ensure that n
adsorption had taken place on the walls of the rapps used.
The amount of PB adsorbed to the modified biomass was calculatetiéjollowing equation [9]:

V
q=(C -Cy)— (1)
m

C -G

%RemovaI:Tme (2)
Where: ¢ P uptake (mg of PB/g of adsorbent), * Pt solution volume (ml), & initial PB**
concentration in the solution (MY C= final PI¥* concentration in the solution (MY m = amount of the

added PHTAE as a biomass (mg) and R = removal p&ge.

Results and discussion
A. Characterizations of FT-IR

1. Characterizations of FT-IR for Identification of Skiff base (TAE)
Scheme (1) illustrates the synthesis of Schiff HasE
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Scheme-1: Synthesis of TAE

Absorption stretching band were detected @065 crit in FT- IR spectrum which assigned to C=N and
the disappearance of C=0 stretching band, thesevatences on the forming of the structure of TAke
bands at 1093.90 and 1073.69 timdicate the C=S stretching. While the bands 47318 and 3208.50 ¢m
! were assigned to stretching vibration mode of, NFigurelshowed absorption bands at 3408.Z0and
1587.04 crit which indicate the stretching and bending vibratis N-H [1]. The C-H bending for mono

substituted aromatic appears at 688.49 and 763:48&m
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Figure-1: FT-IR spectrum of TAE

2. FT-IR Identification of TAE -wall pistachio

The term "lignocellulosic biomass" is used &woftwood or hardwood of the high plants.
Cellulose, hemicellulose and lignin are main congmis of the lignocelluloses. The functional
groups of these components are Hydroxyl group, Atmrring, Carbon to carbon linkage, Ester
bond and Ether (glucosidic) linkage [3]. In the AR-spectrum of TAE-wall pistachio has a new
strong wide band at 3419.99 ¢nassigned to OH stretching vibration, and the tveaks at
2926.09, 2853.83 crhassigned to stretching vibration of aliphatic Cie evidences of bonding
TAE with wall pistachio. A strong band at 1746.#8 cassigned to stretching vibration of ketone
group. The position of C=N band of the TAE appeat@85 cnit.The presence of O-H broad band
hides the stretching band of N-H, but appears Imendbration at 1558ci3].
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Figure-2: The FT-IR spect_rum 01; TAE-wall pistachio

3. FT-IR Identification of TAE-wall pistachio—Pb
FT-IR spectrum can provide the basic infororatabout the adsorption of Pb on TAE-wall pistachio

surface. The position of C=N band of the TAE-wabtgachio is shifted towards higher wave number that
appear at 1653.05 chindicating coordination via the nitrogen atom. Empearance of band at 419.53'cm
confirms the Pb-N bond. The C=S stretching is sHiftowards higher wave number that appear at 1084,
1102 cnf, it indicates that sulfur coordinate with the’Pions [3].
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Figure-3: The FT- IR spectrum of TAE-wall pistactit

B. Effect of contact time on removal process

The effect of contact time on the adsorptibthe PB* from the solution is shown in Figu#e-however
the uptake of PY ions increases at the contact time. Moreoveratisrption was very fast from the first30
min. However, equilibrium was attained in 2h. Farthincrease in contact time to 24 h, the percentage
adsorption decreases very slowly [15] and [16]. réf@e, the contact time can be optimized to 2h.In
addition, at equilibrium was achieved no more inseeobserved.
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Figure-4: Effect of contact time on removal of'Pat different concentrations

The removal percentage of’Plncreased from (62.54 to 92.55%), (42.71 to 76.)0@¥d (32.49 to
60.01%) at 25, 40 and 100 nmitditial lead concentration respectively. Observabdenoval percent was not

noticed after contact time of 2h, and this demautstthat the free sites at the surface of PHTAE Hmaen
occupied.

C. Effect of PH-g-TAE dosage on removal process

The dependence of PH-g-TAE dose (25 to 150laag)ing on the adsorption at different concentraof
PG (25, 40, 100 mg?) is presented in (Figure: 5a and 5b). It is readihderstood thathe adsorbent
dosage significantly influenced the intensity aideions sorption [17]. Moreover, the removal of ‘Rins
increased with increasing of PH-g-TAE loading candttributed to larger surface area and availgtilft
more active sites [18]. The results indicated thatremoval of P from aqueous solutions was maximal at
higher adsorbent dosage and the optimum dose dttati¢he removal PHions is 0.165g. However, figure-
5b shows the uptake percentage was varied from-497%08% at initial concentration of 25 mg/L.
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Figure-5a: Effect of PH-g-TAE dosage ontd’Péorbent
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Figure-5b: Removal percentage ofFihitial concentration 25 mg/L at pH 5

D. Effect of pH

The pH of the solution is one of the importdattors in controlling the adsorption process and
particularly on the adsorption capacity. Differenque will affects the adsorptive processes via diggmn
of functional groups (TAE-Pb) on the active sitdsanlsorbent and, this leads to a shift in reaction
equilibrium and kinetics of the adsorption procédsre, the adsorption of Pbon the activated Surface-g-
Thiosemicarbazone from the aqueous soloution walsiated from solution at different pH levels cougra
range of 1-9. Moreover, as shown in figure-6, teoaption capacity increases as the solution pkeages
the maximum adsorption was acquired at pH 5 foh oincentrations 25 and 40 mg/L ofRblution and
fixed adsorbent (PH-g-TAE) dosage 0.165g. The Hbgh#iciency was noticeable at 97.08 - 83.9 %(&%-
40) mg/L respectively was obtained at pH 5. In tiddj the removal of PHions is pH dependent, at lower
(pH< 3) H' from hydronium ions compete with positively chasgef P* for the Surface-g-TAE which
would prevent PHions from reaching the binding sites of the adsatrireduced by the repulsive forces[19].
In this work, removal process indicated that in thghly alkaline solutions and highly acidic sotrts
adsorption was decreased. Probably it is linkedh witdifferent charge on the surface of PH-g-TAE.
Nevertheless, the main idea to investigate theceéfepH on the PH-g-TAE and its adsorption conduate
determine the point of zero charge (pHby the salt addition method as shown in figurépH,,. (which
is pH,,~ 4) the surface of the adsorbent has zero potearfitage. However, below the pldthe surface of
PH-g-TAE becomes positively leads to formation &ifpee barrier on the surface of the adsorbent and
electrostatic repulsion between PH-g-TAE and'@d the metal cations have limited access to tHacsi
of the adsorbent result in a decrease in the atisorpapacity of P, and above pk. the surface of the
adsorbent have more adsorption sites may increaseelectrostatic interaction caused increment of
adsorption capacity [20].
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Figure-6: Effect of pH on removal of Phions (adsorbent dose 0.165g, mixing rate 180 tjme 2h)

2

Figure-7: pH,. determination by salt addition method

E. Effect of temperature

In order to evaluate the effect of temperaan@emoval of PBions from aqueous solutions, adsorption
experiments were performed, at 298, 303 and 313tKer parameters remained the same. As can berseen
figure-8, the increment of the adsorption capaeiith increasing the temperature could be due to the
availability of a high number of active sites oretlurface of PH-g-TAE. Nevertheless, increasing
temperature may produce more freely available sigeshe breakage of inner bonds. Such a resufiroos
the adsorption process is endothermic.

In order to describe the thermodynamic parersaif the adsorption of Plon PH-g-TAE adsorbent, the
standard Gibbs free energy chang&s{) of the adsorption process can be calculated fuan't Hoff
equation [21] and [22].

AG’ =-2303RTlogK, 3

q
Kg=—2 4
¢TC (4)

The Entropy changeAG°) and Enthalpy chang@aHKl®) (i.e. heat of adsorption) are related with Gibbs
free energy by the equation [22]:

e

AS’ AH®
logK = - 5
09" =2 30:R ~ 2.30:RT ®)
AG =NH° -TAS (6)
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Where K is equilibrium constant of Van't Hoff equation, Kthe universal gas constant 8.314 (J/mol. K)
and T is the temperature (K). @ concentration of Pbions at equilibrium(mg/L) and.ds the amount of
adsorbate (P), AG® is Gibbs free energy change (KJ/md®° is Entropy change (KJ/mol. K)andH® is
Enthalpy change (KJ/mol). A plot of logqkagainst 1/T is given a straight linAH° and AS° can be
determined from intercept and slope, respectivEhe value of free energ\wG°) was calculated by using
Eq. (5) and (6). Consequently, the obtained datdadoulated in table 1.
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Figure-8: Effect of temperature on removal of fbaqueous solution, (Adsorbent dose 0.165g, Initac.25 mgl/L,
pH=5)
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Figure-9: Thermodynamic evaluation of#Phdsorbed onto PH-g-TAE

Table-1: Thermodynamic studies of¥tons on PH-g-TAE as a function of temperature

T(K) KLog Ky AGIKj/mol) 4H 9Kj/mol) 4SKj/mol. K)

298 7.90 0.897 5.66

303 11.10 1.045 6.83 29.31 0.114
313 15.98 1.203 8.37

The positive value oAH° confirm the adsorption of Pbon PH-g-TAE is endothermic process, the overall
AG® were negative during the removal processes asdteti in tabld- this agree to a spontaneous nature
and feasibility of the adsorption process. In dddjtmore negative which provide the uptake of'Rbns
become more spontaneous with increase in temperg@8} and [24].
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F. Dynamic studies

The most important vital tdemonstral the control of adsorption system is kinetic. Theekic models
are used to describe the experimental data in aodexamine the mechanism of the-adsorptive process
on the chemically modified pistacl-hard shell [25]In this case many models haween tests to express the
mechanism of PB ions sorption onto P-g-TAE, and to design an effective, fast and optimizedtmen
plant, these models including the pse-first order kinetic, the pseudsecond order kinetic and the We-
Morris intraparticé diffusion mode, which are given by equations (7), (8) and (%9pestivel[4] and [25].

K
lo -0)=lo -——1 t 7
9@ ~6,) =logd, ~—- = (7)
t 1 t
— = — (@)
q K. o,
g = Kt? +K, ©)

Where, g and gare the amount of ** adsorbed per unit of mass (mg/g) at the equilibriumd time t (min)

respectively. K (min™) is the rate constant of pserfirst order kinetic, K (g/gmin) is the rate constant
pseudo-second order kineticg K mg/g.min“?) is the intraparticle diffusion rate constant &y can be
determine from intercept of a plot ¢, vs t?and gives an idea about thickness of a boundagy.

1.4 -
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1.2 - o 40mg
25 mg/l
1
-~ o084 ™
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0 ]
10 20 3 0 50 60
-0.2 $ Time ?min)
Figure410: Pseud-first order kinetic model of the uptake of%b
Pearson r
r 0.9994
95% confidence interval 0.9945 to 0.9999
R squared 0.9989
4_
P value
P (one-tailed) < 0.0001
P value summary K
3_ Significant? (alpha = 0.05) Yes
Number of XY Pairs 6
_ Conc. of Pb(l1)
g 2 ® 40 mg.l'1
m 25 mg.l?
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O R T T T
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Figured1: Pseud-second order kinetic model of the uptake of'Pb
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Figure-12: Intraparticle diffusion kinetic model BE* on PH-g-TAE

As can be seen from the above figures, ilgarchat the adsorption dynamics of Rim PH-g-TAE fitted
well to the pseudo-second order kinetic model.dditgon, this model gives the best fit to experinanlata
of P¥* ions which investigated in this work, also havghiir coefficient of determination value’t®.9994)
for all concentrations studied in compare with toefficient of determination value {80.9580) obtained
by pseudo-first order kinetic model. Neverthelett® theoretical values of ge mostly agree with the
experimental data as tabulated in table-3, botts fagggest that the pseudo-second order kinetiehisd
more likely to predict the kinetic behavior for théole range of time studied. That means the réte o
occupation of adsorption sites is proportionalh® square number of unoccupied sites, becauseséuel@-
second order model is based on a second order meohf26] and [27]. Furthermore, figure-12 showatth

the final sorption equilibrium was the intraparictiffusion initiates to slow down due to quit low
concentration of Pbions left in the solution.

Table-3: Kinetic parameters and Weber-Morris mddePi?* onto PH-g-TAE

Conc. of PB" Oexp. Pseudo-first-order Pseudo-second-order Intraparticle diffusion
mg/l mg/g kinetic model kinetic model model
Qe (car KQ F\g Qe (car KQ R2 K3 F\ng
25 23.54 15.74 3055 0.9575 19.63 47.589909 432 0.710 21.30
40 27.14 21.60 31.82 0.9580 25.30 81.06 99 5.644 0.713 3907

G. Sorption isotherm modeling

Adsorption isotherms are significant data tmlize the mechanism of sorption system from a
physicochemical view. The adsorption capacity ddcadent can be also characterized by the equilibriu
adsorption isotherm [28]. In this work, two widetyodel isotherm were applied which fit the experitaén

data are namely Langmuir and Freundlich isotherereover, the liner forms of both models are
represented as follows [16] and [22]:

C_ 1 .C (10)

QE quL qm

logq, =logK, +1IogCe (11
n
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Where, G is concentration of Bbat equilibrium in (mg/l), gis the amount of Ptadsorbed onto PH-g-TAE
per unit mass, Kis the Langmuir constant,,ds the maximum adsorption capacity in (mg/gg,aQd n are
Freundlich constants which giving an indicationhofiv the adsorption process is favorable. Howeweér, a
resulted data are obtained for each isotherms navdedummarized in table-4.

®
®
®
e ®
1 50' o Besthtvalues
Slope 1.295+0.8689
Y-interceptwhen X=0.0 150.6+9.084
X-interceptwhen Y=0.0 -116.2
1klope 07721
95%Confidence Intervals
o Slope -1470t0 4.060
c‘ Y-interceptwhen X=0.0 1216101795
3 1 00- X-interceptwhen Y=0.0 “infinity t0 -30.79
U Goodness of Fit
Rsquare 0.4255
Syx 1084
Is slope significantly non-zero?
F 2222
DFn,DFd 1.000,3.000
Pvalue 0.2329
50_ Deviation romzero? NotSignificant
Data
Number ofXvalues 5
Maximumnumber of Y replicates 1
Totalnumber ofvalues 5
Number ofmissing values 5
Equation Y=1295*X+150.6
% ' 10 15 20
Ce (mg/l)
Figure-13: Isotherm model of Langmuir for®korption
[
ol 1 0 . Pearsonr
8’ ) r 0.9953
- 95% confidence inter val 0.9272 to 0.9997
R squared 0.9906
P value
0.54 P (one-tailed) 0.0002
P value summary il
Significant? (al pha = 0.05) Yes
Number of XY Pairs 5
0.0 T T
log C,

Figure-14: Isotherm model of Freundlich for’Psorption

From above figures, the Freundlich isotherm motiem&d best fit to adsorption data which have highes
coefficient of determination (iR0.9906) might be availability of heterogeneousfamg with different
classes of PH-g-TAE sites caused physically intaacwith PB* ions from the solution . Also, table-4
revealed that the values of constants ddd n) at maximum uptakes given by Freundlich risodes in good
agreements with experimental capacities calculiited the isotherms. The value of (1/n=0.293) shotied
most important consequence of isotherm of non-titeaf the Freundlich type when (K).
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Table-4: Isotherm parameters of’Brption

Langmuir Freundlich
Parameter value Parameter value
Om 47.022 n 3.410
K 25.731 Kk 6.130

Conclusions

Modified agricultural by- product materialsvieabeen utilized as effective and high potentiadaaident
for removal of PH from aqueous solutions.In addition, the synthesis of Schiff base
(Thiosemicarbazone acetophenone) was loaded sibesm the surface of the adsorbent to incredse t
ability and efficiency for removal of Pbfrom aqueous solutions. Thus, the adsorption psuese
investigated and characterized by FT-IR technigberthermore, dynamic studies, isotherm
modeling and optimization were performed. It wasind that the PBsorption were rapidly
increased at the initial stages and the maximurptieor was observed at pH5 and the highest
removal percentage of Phwas 97.08%. On the other hand, the thermodynaaranpeters showed
that the adsorption process becomes more randomaeds feasibility with increasing in
temperature due to negative valuesA@® and endothermic adsorption confirmed by the pgasiti
values ofAH°. Thus, the uptake of Phby PH-g-TAE obeyed pseudo-second-order kinetic mode
and the modified surface of PH-g-TAE is heterogesewith high capability of adsorption sites
according to Freundlich isotherm.
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