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ABSTRACT

The efficiency of polysiloxane surfaces modifieth wirtho, meta and para-nitrophenyl moieties asow Icost
adsorbent for removing lead ions from aqueous gwiutas been investigated in this paper. Batch exynts were
conducted to study the effects of the main parassteh as contact time, initial concentration &i(P), adsorbent
dose, solution pH, and temperature on the adsonptibPb(Il) by polysiloxane surfaces. The maximemaval of
lead(ll) is found to be 97 % at pH 8 for (Si-p-N05.9 % for(Si-0-N¢) and 93.7% for (Si-m-N£p initial Pb(ll)
concentration of 10 mg-t, adsorbent dose of 1 g*i. agitation speed of 200 rpm, and temperature of@5The
same study was done for the effect of dose (5 niyshowed 99 % removal using the (Si-p,NQynamics of the
adsorption process were studied, and the valuesatef constants of pseudofirst-order and pseudost:coder
were calculated. Equilibrium isotherms for the aggimn of Pb(ll) were analyzed by the Langmuir dmréundlich
isotherm models. The Langmuir isotherm model wasdao represent better the data of Pb(Il) sorptimmo
polysiloxane surfaces. Different thermodynamic pagters, namely, changes in standard Gibbs energhatoy,
and entropy, were also evaluated from the tempesatiependence, and the results suggest that theratitsn
reaction is non-spontaneous and endothermic inneaflihe prepared compound was characterized usitig ¥C-
NMR, TGA, FT-IR, UV-vis and SEM.

Keywords: groundwater, adsorption, isotherm, desorptioaykienetals, kinetics.

INTRODUCTION

Environmental contamination with heavy metal iossa considerable problem owing to their tendency to
accumulate in living organisms and toxicities ifatiwely low concentration [1]. Many methods, suhreduction
and precipitation, ion exchange, reverse osmodisaasorption, have been proposed to remove heatgl mas
from wastewater [2]. Among these technologies, maggearches concentrated on metal ion recoverygusin
appropriate chelate polymer surfaces, becauseatteeseusable, easy handing and have higher adsogapacities,
efficiencies as well as high selectivity to someah@ns [3]. Hence, numerous chelating resins Haen prepared
through the polymerization of conventional chelgtimonomers, such as acrylic acid [4], allylthioufgh vinyl
pyrrolidone [6], and vinyl imidazole [7]. Additiofig modification of a synthetic polymer [8] or atogal polymer
matrix [9] by functionlization reactions has alseeb used to form a chelating polymer. Around theylvi
monomers, glycidyl methacrylate (GMA) is a commakandustrial material, which is cheaper than atheo vinyl
monomers possessing an epoxy ring in the side chdns, numerous chelating resins have been sdattgss
prepared via an epoxy group reaction of poly(glytichethacrylate) with amines. In addition, glycireea low-

444



Shehdeh Jodetet al Der Pharma Chemica, 2016, 8 (2):444-461

priced amino acid that possesses an amino andbaxgdrgroups to share electron pairs with a metal [iL0]. In
general, Heavy metals toxicity depends on a nurobéactors. These are, the total dose absorbedjatjmn, the
route of exposure and the age of person. For examplng children are more susceptible to the &ffet lead
exposure because their organs absorb several tiaggercent ingested compared with adults [11].

Lead contamination in drinking water is a major reeuof concern due to its detrimental effect on &nrhealth
when ingested, its pollution results from textilgeohg, ceramic and glass industries, petroleum irgfjrbattery
manufacture and mining operations.

Polysiloxanes are one of the most important orgéoos polymers that are used in polymer chemisife
silanolSiO(CH), is the key functional group for the synthesis lidse polymers. Silicon (Si) is a semi-metallic
element. It makes up 27% of the earth's crust bysmend it is the second in abundance in the Waftdr oxygen).
Silicon plays an important role in industry. Sush solar energy and computers.

Adsorption process is usually studied through grpbwn as adsorption isotherm. That is the amodnthe
adsorbate on the adsorbent as a function of isspre (if gas) or concentration (if liquid) at ctamt temperature.
Analysis of the isotherm data is important to depedn equation, which accurately represents therobd results.
The most common isotherms that are applied inddigiuid systems are the theoretical equilibriurotligerm
models, which are Langmuir and Freundlich isotheit2}.

In this work, a chelating polysiloxane surfaces vt from carbaldehyde derivatives and 3-aminopropy
trimethoxysilane were synthesized and then funetised with ortho-,meta- or para-nitrophenyl maistifor the
removal of Pb(ll) from an aqueous solution. Theeef§ of solution conditions including pH value, terature,
contact time, adsorbent dose and metal ion coretémi; on the adsorption behaviour were investdjafdso, the
adsorption isotherm models, kinetics and thermodyos parameters were studied.

MATERIALS AND METHODS

2. Experimental Part

2.1 Chemical Materials

All of the chemical substances that are employethig work were of analytical grade and are useithaut any
further purification. The required chemicals invalsilica gel (E. Merck) with particle size in trenge of (70-230)
mesh, and a median pore diameter of 60 A, was atetivfor 24 hours before use by heating it at 15GC
aminopropyltrimethoxysilane that is purchased fréamssen Chimica, ethanol, toluene, $n@ichloromethane,
acetonitrile, dry diethyl ether, HCI solution, NaGHlution, andPb(Ng), all with pure and analytical gardes.

2.2Instrumentations

The required instrumentations for this researchugie the following: shaking water bath (DaihanLaibte20 to 250
rpm Digital Speed Control), pH meter (model: 35IBNWAY), glassware, thermometer, AAS instrument, UV
spectrometry, (model: UV-1601, SHIMADZU), IR Spextreter (Nicolet iS5, iD3 ATR, Thermo Scientific)GRA
(Q50 V20.10 Build 36 instrument at a heating rdt&®C.min* and in N gaseous atmosphere).

2.3. Preperation of polysiloxane surfaces modified with ortho-, meta-, or para-nitrophenyl moieties

The preparation of porous materials as adsorberggybnerated considerable interest, because ofrdgilar pore
structure, unique large specific surface area aglttmodified surface properties. In addition, thesdstances can
be regenerated for many times after adsorptionaidn [13].

This research involves the modification of poroiu®,Swith functionalortho-, meta or para-nitrophenyl receptors
using heterogeneous route that involves reactiovadfaldehyde derivatives with 3-aminopropyl trihmetysilane
prior to immobilization on the support [14].

In general, porous silicas are usually modifiedpbgt-synthesis or one-pot synthesis. In both methite organic
functional groups are used. The aptitude of theltieg attached chelate is mainly owed to the preseof sulfur,
oxygen or nitrogen donor atoms [15].

The first step in the preparation of (SiyH was the reaction between the silylating agent (3-
aminopropyltrimethoxysilane) and the silanol growpsthe silica surface. Such that, 25 g of actigadilica gel
(SiG) suspended in 150 mL of toluene was refluxadl mechanically stirred under nitrogen atmospheré&tours.
Then, 10 mL of aminopropyltrimethoxysilane was atldeopwise. After that, 1 g of SnGlas used as catalyst and
the mixture was kept under reflux for 48 hours.
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The resulting solid matrix was filtered, washedmwibtluene and ethanol, then, it was soxhlet exachetith a (1:1)
mixture of ethanol and dichloromethane for 24 toider to remove the silylating reagent residue. ®bh&ined
immobilized silica gel was dried in vacuum at 20°C.

A mixture of 10 g of 3-aminopropylsilica (SiINH with 3 g of each ofortho-nitroacetophenone, meta-
nitroacetophenone or para- nitroacetophenone régplgcin 100 mL of dry diethyl ether was stirred @om
temperature for 24 hours. This process resulthénformation of the three required adsorbentsudtioly (Si-o-
NO,), (Si-m-NQ) and (Si-p-NQ) respectively. After being filtered, the solid duwts were soxhlet and extracted
with acetonitrile, methanol and dichloromethane ¥6rhours. Then, these products were dried undeaum at
70°C over 40 hours.The synthesis procedures asersimoFig. 1.
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Figure.1: The synthesis route of modified nitrophewl-substituted silicas

2.4 Preparation of Standard Solutions
Lead nitrate Pb(Ng), (331.2098 g/mol) was used to prepare severalrediiim standard solutions of Pb(ll).

The prepared initial concentrations of lead ions: &; 10, 15, 20, 25, 30, 35, 40, 45 and 50 ppne Standard
solutions of calibration are used in batch expenitsién order to study the effect of different fastsuch as; time,
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pH and temperature on each adsorption process.hande to know what are theoptimum conditions favig
effectient adsorption of Pb(ll) on ortho-, metar para-nitrophenylsilicas.

By using AAS measurements and depending upon thatireg calibration curves, the concentrationseafd ions in
the used ground water (without any treatment) egeuad.

2.5.Batch Experiments
A mixture of 1 mg sample of (Si-o-Np (Si-m-NQ,) or (Si-p-NQ) adsorbent with 7 mL of distilled water
containing known concentration of Pb(ll) toxic mMetas shaken.

The effect of solution conditions including; corttdéiene, temperature, pH value, the amount of medifpolymer
and the concentration of toxic metal ion was diseds

Atomic absorption measurements were used for tleaté mixture of each sample in order to deterntine
remained amount of the toxic metal ion and hengestigating the extent of the adsorption efficiency

2.5.1Effect of Contact Time

The adsorption of toxic heavy metals on each adsuriwas studied as a function of shaking time af@0A

sample of 10 ppm of standard solutions at pH velygals 6 was taken in a volumetric flask and shakém1 mg

of an adsorbent. At the end of time intervals (hute to 30 hours), each sample was filtered off thedamount of
each adsorbate is determined using AAS apparatus.

2.5.2Effect of pH
The effect of pH value on the adsorption behawias investigated using different pH values randiog 2 to 12.
The pH value was adjusted using roughly conceommatof 0.1 M HCI and 0.1 M NaOH solutions.

A 1 mg of an adsorbent sample was added to 7 ntheoprepared standard solution with a concentratfdr© ppm.
The prepared mixtures were placed in shaking wadgh at constant temperature (20°C), with considennto
account the resulting optimum time for each presiadsorption process.

2.5.3Effect of Temperature
To study the effect of temperature on each adsorgirocess. A 1 mg of the adsorbent was addednit 6f the
standard solution of Ph(Il) with a concentratiorl&fppm at the optimum value of pH.

Each mixture was placed in shaking water bath atrel@ temperature (the range was 5 to 80°C) fommaph
contact time. At the end of time intervals, eacmpgle is filtered off , and the amount of each adat¥ is
determined using AAS instrument.

2.5.4Effect of Adsorbent Dose

In order to find out the optimum amount of adsotbirat is required for the adsorption of Pb(ll) modified
silicas, A (1, 2, 3, 4 or 5 mg) of the modifieddl was added to five vials containing 7 mL of J0rpof toxic metal
standard solution. The mixtures were placed in istgalkater bath at the optimum temperature, pH and.t

Then, the concentration of each toxic ion in thtedfie is measured using AAS instrument.

2.5.5Effect of Adsorbate Concentration

To find the optimum concentration of cadmium, nickad lead metal ions. The resulting optimum méssach
adsorbent was added to a number of vials, eachaiosn? mL of different standard concentrations @b Such
that, all optimum condition of pH, contact timepgerature and the amount of adsorbent must ben take
consideration. After that, the concentration okth&xic ions in each filtrate is measured usingSApparatus.

RESULTS AND DISCUSSION

3.1 Materials Characterization
All material characterization like SEM, TGA, FT-IRV-Vis, BET have been done and published previp[ist].

3.2 Adsorption Results

This study aimed to use the synthesized modifiédasi for removing heavy metal ions from groundsvatind
hence to compare the adsorption efficiency of thesgmers. This process is done by studying theomdi®n
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capacities for nitrophenyl substituted silica todstead adsorbates. The extracted concentratioheafy metal
ions were determined using atomic absorption measeints.

After finding the remaining concentrations, thegegitage removal for each adsorption process mus¢teemined.
This value is defined as the ratio of differenc¢hi@ adsorbate concentration before and after ptisor(G— C), to
the initial concentration of the metal ion in thiuaous solution (§; as shown in the following equation :

% of Removal = % *100% 1)

Where;
C,and G are the initial and finial concentrations of heangtal ion in groundwater, respectively (ppm).

The adsorption processes are compared accordinging the same adsorbent with lead ions or usiegstime
heavy metal with different adsorbents including@9N0,), (Si-m-NG,) or (Si-p-NQ).

The effect of solution conditions for the adsorptaf lead ions on (Si-0-N£), (Si-m-NG,) or (Si-p-NQ) adsorbents
is determined. As the adsorbent is changed, therpiitsn dependence on the polymer nature is inyat&d.

3.2.1 Effect of Contact Time
To establish an optimum contact time between lead and each of the adsorbents , adsorption cagsaoitPb(ll)
were measured as a function of time (Figure 2).

As shown in this plot, the highest percent of Pl@moval was for (Si-p-Ng) after only 1 minute of shaking, this
percentage is 97.01%. While when (Si-o-)@ used for removing lead metal ions , the pewgn removal is
94.73% and the optimum contact time is after 30uteis. The removal of Pb(ll) from groundwater us{Bgm-
NO,) has a 90.86% as percent of metal ion removal amgptimum contact time of 5 minutes. For the three
synthesized adsorbents, the remaining concentratiaihe lead ions after each optimum contact tireeomes
approximately constant. The extremely high perceft®b(ll) removal are due to the very high avallgbof
vacant sites on the adsorbent external surface.

100%
—-(Si-m-NO2)

S 95% (Si-p-NO2)
£
2 90% — = — L
[T
(o]
X 85%

80%

0 500 . 1000 1500 2000
Time (minute)

Fig. 2 Effect of contact time on the adsorption oPb(ll) on ortho-, meta- or para-nitrophenylsilicas (C, = 10 ppm, adsorbent dose = 1 mg,
volume of groundwater = 7 mL, pH = 6, temperature =20 °C)

3..2.2 Effect of pH Value

(Figure 3) showed the effect of pH value on Ph@noval efficiency on different adsorbents. Theselies were
conducted at the optimum contact times for (Si-o;NCBi-m-NG,) and (Si-p-NQ) with varying the pH value of
the solution.

For (Si-p-NQ) matrix, the percentage adsorption increases phtho attain a maximum at pH 8, and thereafter it

decreases with further increase in the value of Piids adsorbent has the maximum percent of Pbéi)aval of
97.14% compared with that for (Si-o-MQ@hat equals 95.89% and (Si-m-H@hat equals 93.71%.
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Figure 3: Effect of pH value on the adsorption of B(ll) on ortho-, meta- or para-nitrophenylsilicas (C, = 10 ppm, adsorbent dose = 1 mg,
volume of groundwater = 7 mL, temperature = 20 °C)

Also, the effect of pH value on the adsorptionaéincy of (Si-p-NQ) and (Si-m-NQ) polymers increases with pH
until reaching a maximum at pH 8 and pH 7 respettivand thereafter the percentage removal desesgh
further increase in pH value.

The increase in metal ion removal as the pH ingga&sn be due to decrease in competition betwesnrpand
lead ions for the same functional groups and aisthb decrease in the positive surface charge,hw@sults in a
lower electrostatic repulsion between the surfawé laad ions. While, the decreasing behavior ofglicent of
Pb(Il) removal after each optimum pH for the thesmthesized adsorbents is probably due to the fismaf a
soluble hydroxy complexes which lowers the adsomtfficiency to uptake lead ions from groundwater.

3.2.3 Effect of Temperature

To study the effect of temperature on the adsanptibPb(ll) using ortho-, meta- and para nitropHsitigas. The
optimum conditions of contact time and pH value s taken in consideration. In general, the adgwrp
efficiency becomes very low at high temperaturei@al

100%
95% , —o—(Si-0-NO2

90% 'f "'\ -I-fSi-m-NOZ))
a5 N (Si-p-NO2)
80%
75%
70%
65%
60%
55%
50%

% of Removal
¢

0 20 80 100

40 6
Temperature (lC)

Figure 4: Effect of temperature on the adsorption 6Pb(ll) on ortho-, meta- or para-nitrophenylsilicas (G = 10 ppm, adsorbent dose = 1
mg, volume of groundwater = 7 mL)

As shown in (Figure 4), the adsorption oflead iasig the three different adsorbents includingd®ioQ,), (Si-m-
NO,) and (Si-p-NQ) has been found to increase with an increasempéeature until reaching a maximum at 10 °C,
15°C and 20 °C respectively, and thereafter thegreage removal decreases with further heatingh $hat, the
percentages removal at the optimum temperatureevata 96.89% for (Si-o-N) 93.98% for (Si-m-N@ and
97.19% for (Si-p-NG).

In general, low temperatures of the solution enbahe complexation ability between lead ions aadh of the
matrix polymers and hence increase the adsorpffameacy.
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3.2.4 Effect of Adsorbent Dose

The experimental results for adsorptive removatadl ions withrespect to each dose of (Si-oIN(BI-m-NQ,)
and (Si-p-NQ) adsorbents are shown in (Figure 5)over the rafigemg to 5 mg at the optimum values of time, pH
and temperature.

100% .
= 98% =-(Si-m-NO2)
3 Si-p-NO2
g 96% \- (ereoz
(]
E 94y
o
X 92%

90%

(] 1 2 3 4 5 6
Mass of Adsorbent (mg)

Figure 5: Effect of adsorbent dose on the adsorptioof Pb(ll) on ortho-, meta- or para-nitrophenylsilicas (G = 10 ppm, volume of
groundwater = 7 mL)

The maximum percent of Pb(Il) removal was 99.02%hwising 5 mg of (Si-0-N§), such that, this polymer
showed an increase in percentage removal with asang the adsorbent dose. Also, the same relattwean
adsorption efficiency and dosage effect is obserfeed(Si-p-NQ) with 5 mg amount of dose and 98.59% as
percentage removal.

While (Si-m-NQ) showed a different effect of adsorbent dose, shah the maximum observed percent of Pb(ll)
removal was 98.59% with 3 mg dose.

The rapidly increased percentage removal of thalni@t with increase in the adsorbent dose is due greater
availability of the exchangeable sites on the doatr surface area.

3.2.5 Effect of Adsorbate Concentration
The effect of the initial concentration of Pb(ll the percentage removal of heavy metals usinghttee prepared
adsorbents is shown in (Figure 6).

9% | S ——(Si-0-NO2)
97% / —B-(Si-m-NO2)
95% (Si-p-NO2)
93%
91%
89%
87%
85%

% of Removal

0 10 20 30 40 50 60
Concentration of Lead (ppm)

Figure 6: Effect of adsorbate concentration on thedsorption of Pb(Il) on ortho-, meta- or para-nitrophenylsilicas (volume of
groundwater =7 mL)

As shown in this plot. For para-nitrophenyl silithe adsorptive removal increases with the incréadbe initial

heavy metal concentration. The maximum percentbgflPremoval was 99.95% for (Si-p-NDby using 50 ppm
lead concentration. While the observed initial anteation for having maximum adsorption efficierfoy (Si-o-
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NO,) and (Si-m-NQ@) polymers is 50 ppm, and 10 ppm with percent oflliPlbemoval of 99.84% and 98.91%
respectively.

3.3 Investigation of Adsorption Parameters

In order to investigate the adsorption efficienoy the adsorption of Pb(Il) onto each of the sysided polymers.
The effect of solution conditions on the adsorptpocess were studied. These conditions involveeffect of
shaking time, pH value, temperature, adsorbent dodehe concentration of adsorbate.

The best equilibrium isotherm model for each ad$ompprocess was investigated according to theevaluthe
correlation coefficient of Langmuir and Freundlictodels. The kinetics of adsorption were also irigastd using
pseudo first-order, pseudo second-order and irgragte diffusion kinetic models. In addition, Varioff plot for
each adsorption process was investigated in ooddetermine the values of enthalpy change and gnitbange,
and hence determining if the adsorption is spormas€\S > 0) or not4S < 0), and if it is exothermiaAH < 0) or
endothermic oneAH > 0).

Finally the effect of adsorbent recovery on thecpat of heavy metal ion removal was investigated, laence the
adsorption process with the best regenerationteyiciéned.

3.3.1Langmuir Adsorption Isotherm

This isotherm is called the ideal localized monetamodel, it was developed to represent chemismrptiangmuir
isotherm is based on the following assumptions.s&tere, adsorption is limited to monolayer coverageh that;
the adsorbed molecule cannot migrate across tlfi@csuor interact with neighboring molecules. Ald® surface of
the adsorbent is uniform. This means that all tfeogption sites are equivalent in energy [16].
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Figure 7: Langmuir plot for the adsorption of Pb(Il) on a) (Si-0-NQ), b) (Si-m-NG;) and c) (Si-p-NQ) ; (time = 50 minute, pH =5,
temperature = 25 °C, adsorbent dose = 4 mg, volune7 mL)

The Langmuir equation relates the coverage of nutdsoon a solid surface to the concentration oediom above
the solid surface at a fixed temperature. This Bguaan be written as:

C,. 1 1
e b, T o, Ce )
Where;

C. is the equilibrium concentration of the adsorl{atg/L).
b is the Langmuir affinity constant (L/mg).
Q. is the adsorption capacity at equilibrium (mg/g).

0e is the amount of adsorbate per unit mass of adsbrimg/g), and it can be calculated using theoWaihg
relation:

de = (Co = Co) 3)

Where;

C, is the initial concentration of the adsorbate (ohg/
V is the volume of the solution (L).

m is the mass of the adsorbent (g).

(C, — Q) represents the adsorbed amount.
A graph of (G/ge) values versus Ls used in order to find the Langmuir paramet&vhich are, (1/b@ as y-
intercept and (1/Q) as slope (Fig. 7) [17].

3.3.2Freundlich Adsorption Isotherm

This isotherm was interpreted as adsorption toased supporting sites of varied affinities or tdeehegeneous
surfaces. Freundlich isotherm assumed that strdnigding sites are occupied first, such that; tmeling strength
decreases with increasing degree of site occupation
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Figure 8: Freundlich plot for the adsorption of Pb(l) on a) (Si-0-NO,), b) (Si-m-NG;) and c) (Si-p-NQ). (time = 50 minute, pH =5,
temperature = 25 °C, adsorbent dose = 4 mg, volune7 mL)

According to this statement, the adsorbed massmaeass of adsorbent can be expressed by the folloeguogtion
[18].

Table 1: The parameters of Langmuir and Freundiotherms for the adsorption of Pb(ll) on (Si-o-NQSi-m-
NO,) and (Si-p-NG).

Adsorption of Pb(ll)

Equilibrium Isotherm Models
Langmuir Isotherm | Freundlich Isotherm
Qi(mg/g) | b (Umg) | Ke(mg/g) | n(g/L)
Si-0-NO, 65.789 - 66.405 -63.291
Si-m-NG, 62.500 | -40.000 | 64.062 | -24.570
Si-p-NG, 68.493 - 68.407 | -212.766

Adsorbents

logq, = logKy +%logCe (4)
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Where;
K is the Freundlich constant related to adsorptigraciy(mg/g).

n is the heterogeneity coefficient that gives atfidation of how favorable the adsorption procegk)(g

A plot of logg, values versus logGs used to find Freundlich parameters. Which l@Kr as y-intercept and (1/n)
as a slope [19].

In order to determine the best adsorption isoth@ymthe adsorption of lead ions onto ortho-, meta- para-
nitrophenylsilicas, the observed data were fitted Leangmuir and Freundlich isotherms which describe
relationship between the amounts of Pb(ll) adsodretlits equilibrium concentration insolution.

The adsorption parameters were investigated by tipdot C/qgversusCforLangmuir adsorption isotherm
andlogqversusloggforFreundlich adsorption isotherm, as shown inftlewing Figures (7-8) and Table. 1.

As shown from the previous figures, the values dfifting Langmuir adsorption isotherm are approxinyatele.
This means that the adsorption of Pb(ll) on orthoeta, or para-nitrophenylsilicas is chemical apson and
follows Langmuir equation.

Table. 1 represents the values of Langmuir andrféiath isotherm parameters for the adsorption dflPbn (Si-o-
NO,), (Si-m-NGy) and (Si-p-NGQ).

3.4 Adsorption Kinetic Models

The experimental kinetic data for Pb(ll) adsorptiom the prepared polymersare fitted with pseudst-trder,
pseudo second-order and intra-particle diffusionekic models in order to investigate the mechanigneach
adsorption process.

The kinetics parameters and correlation coeffisidizive been calculated from the linear plots @f{dg g)versus t
for pseudo first order model, andtfersust for pseudo second-order model anegus t for intra-particle diffusion
kinetic model, as shown in the following Figuresl(B).
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0.332 (c)

— ‘
= 0.33
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0.32
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t (minute)

Figure 9: Pseudo first-order kinetic model for theadsorption of Cd(Il) on (Si-0-NG;). (C,= 10 ppm, pH = 6, temperature = 20 °C,
adsorbent dose = 1 mg, volume =7 mL)

The kinetic of adsorption is defined as the proéesshich adsorbate molecules are transported fratk solution
to a boundary layer of the water surrounding thgodaent particle by molecular diffusion through #tationary
layer of water. Such that, the adsorbate partiatestransported into an available site. Hence,dsorption bond

will be formed between the adsorbate and the adsb{20].

0.8
= (a)
€ 06
W
e 0.4
€ o y = 0.0149x + 0.0067
5 R?=1
S o
0 10 20 30 40 50 60
t (minute)

1 (b)
5 0.8
£
85 0.6
k=
Eoa y = 0.0158x - 0.0012
§ 0.2 RZ=1

0

0 10 20 30 40 50 60
t (minute)

455



Shehdeh Jodetet al Der Pharma Chemica, 2016, 8 (2):444-461

0.8 (c)

y = 0.0147x + 6E-05
RZ=1

£ 04

= 0.2
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Figure 10: Pseudo second-order kinetic model for #nadsorption of Pb(ll) on (Si-o-NQ). (C,; = 10 ppm, pH = 6, temperature = 20 °C,
adsorbent dose = 1 mg, volume =7 mL)

Several adsorption kinetic models have been esteddliin order to describe adsorption kinetics atd-limiting

step. These models give information about the gdi®or system behavior and the rate at which specnstituent
is removed using a certain adsorbent. In additioey determine whether the adsorption processcheaical or a
physical one, and which specifically is the raggedmining step.

Examples of the adsorption kinetic models incluebternal mass transfer model, pseudo first-order @seudo
second-order rate models, Adam—Bohart—-Thomas aalafi/eber and Morris sorption kinetics, first-ordeversible
reaction model, first-order equation of Bhattachaaynd Venkobachar and Elovich’s model [21].

3.4.1Pseudo First—Order Kinetics
This kinetic model is considered as the earliestiehaleveloped for describing adsorption kinetiche Tfinal
integrated equation for this model can be written a

K
log(qe — q0) = logqe — 5 -t Q)
Where;
0. and gare the masses of adsorbate per unit mass oftegat equilibrium, and at time t respectively (@)g
kq is the rate constant of pseudo first-order adsmmphodel (mg.g.min™?).

A plot of log(a.—q;) versus t will give a straight line for the pseuist-order adsorption with logas y-intercept
and (-k /2.303) as the slope of the graph [22](Fig. 9).

3.4.2Pseudo Second-Order Kinetics
This model of kinetics depends on the assumpti@ the rate-determining step may be chemical atisorp
involving valence forces through sharing or excleofjelectrons between the adsorbate and the aadorb

The rate equation for pseudo second-order kinetidahcan be written as:

t 1 1

qt N ka3 Qe

(6)
Where; k is the equilibrium rate constant of pseudo seamndér adsorption (g.migmin™) (Fig. 10).

The plot of t/g versus t should give a linear relationship thabved the computation of a second-order rate
constantsk, and @[23].

Table 2: The parameters of pseudo first-order, g@eaecond-order and intra-particle diffusion kioetiodels for
the adsorption of Pb(ll) on (Si-o-NI (Si-m-NQ,) and (Si-p-NQ).
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Adsorption of Pb(ll)
Adsorption Kinetic Models

Adsorbents| Pseudo First-Order Kinetics Pseudo Second-Order Kineti¢sintra-Particle Diffusion Kineticg
Qe K1 Qe K, C Kp
(mg/g) | (mg.g'min®) | (mglg) (9.mg".min™) (mg/g) (mg.g*.min®%
Si-0-NO, 7.296 0.0162 67.114 0.0331 61.078 0.8198
Si-m-NQ, 6.323 -1.382*10° 63.291 -0.208 63.833 -0.0799
Si-p-NOQ, 2.122 - 68.027 - 67.878 0.0011

3.4.3Intra-Particle Diffusion Kinetic Model
This model is based on the theory proposed by WahdrMorris. The final equation of this adsorptkinetic
model is:

qr = Kpt®* + C (7

Where;

Ky is the diffusion rate constant (mg/g.fiin

C is a constant that gives an indication of thekthéss of the boundary layer (mg/g) [24].

A plot of gqversus t°should give a linear relationship for intra-paeidiffusion kinetic model with constant C as a
y-intercept and Kas a slope as shown in Fig. 11.

According to the values for the correlation coééfit using the previous kinetic models. It is shdwlee adsorption
of Pb(ll) on (Si-0-NQ), (Si-m-NG,) or (Si-p-NQ) followed the mechanism of pseudo second-ordegtkirmodel.
Such that, the values of i this kinetic model are approximately one.

Table 2 shows the kinetic parameters of pseudbdider, pseudo second-order and intra-particlusiibn kinetic
models for the adsorption of Pb(ll) on (Si-o-NQ(Si-m-NQ,) and (Si-p-NQ).

Comparing the value of (gxperimentally) for all adsorption processes thgtial 70, with the values of. q
(calculated) in pseudo first-order and pseudo s®owder kinetic adsorption models, we conclude ttet
experimental values for all adsorptions are clasethe values of gcalculated)in pseudo second-order adsorption
model. Hence, proving that this model represersiiechanism of the adsorption.

3.5Adsorption Thermodynamics
Thermodynamic considerations of an adsorption E®care necessary to determine whether this proeess
favorable or not.

This adsorption behavior can be expressed usinthérenodynamic parameters including the changeilii&free
energy AG), enthalpy change\H) and the change in entropS).
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Y 63

s
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0 1 2 3 4 5 6 7 8
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63.7 (b)
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Figure 11: Intra-particle diffusion kinetic model for the adsorption of Pb(ll) on (Si-0-NQ). (C, = 10 ppm, pH = 6, temperature = 20 °C,
adsorbent dose = 1 mg, volume =7 mL)

Table 3: The thermodynamic parameters for the adsgation of Pb(Il) on (Si-0-NO,), (Si-m-NG,) and (Si-p-NQ,)

Adsorption of Pb(ll)
Adsorbents| Adsorption Thermodynamics
AH (kJ) AS (J/IK)
Si-0-NG, 27.084 -52.316
Si-m-NG, 29.499 -65.639
Si-p-NG, 25.525 -46.077

Where;AG andAH are in (J) and the unit &fS is (J/K).

The following equation is the general equation ttzat be used to relate between the adsorption eteas25].
AG =AH - TAS (8)
Where; T is the absolute temperature (K).

The change in Gibbs free energy can be also cédtllzy the following equation:

AG = - RT InKq (9)

Where;
R is the universal gas constant that equals 8.30dl3K ™.

K4 is the thermodynamic equilibrium constant thatadg (g/Ce) with a unit equals (mol) or (L/g).

The combination of the last two equations will desuthe following equation:

1an = E - ﬁ (10)
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The plot of Inky versus (1/T) will give a straight line withAH/R) as slope andAG/R) as y-intercept. The resulting
graph is known as Van't Hoff plot.

By using the thermodynamic equation of Van't Hofbtp.the thermodynamic parametersH and AS) for the
adsorption of lead ions on (Si-o-NQ(Si-m-NQ,) or (Si-p-NQ) can be calculated from the slope and intercepts o
the graph of Inkversus (1/T), as shown in the following Figure (12)
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5
=3 y = 3257.6x - 6.2925
€2 R? = 0.8223
1
0
0.0025 0.0027 0.0029 0.0031 0.0033 0.0035 0.0037
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6 (b)
5
>
4
@ 3 y = 3548.1x - 7.8951
=2 R2=0.9471
1
[ =
-0
0.0025 0.0027 0.0029 0.0031 0.0033 0.0035 0.0037
1/T (K1)
6 c
(c) .o
5
&
o0 4
=
=3 ¢ y =3070.1x - 5.5421
%, R% = 0.7074
1
0
0.0025 0.0027 0.0029 0.0031 0.0033 0.0035 0.0037
1/T (K1)

Figure 12: Van't Hoff plot for the adsorption of Pb(ll) on (Si-0-NO,). (time = 50 minute, G= 10 ppm, pH = 5, adsorbent dose = 1 mg,
volume =7 mL)

The following table represents the values of tlegrtitodynamic parametera% andAH) for the adsorption of Pb(ll)
on ortho-, meta-, or para-nitrophenylsilicas.

As shown in table 3, the adsorption of Pb(Il) ord]NO,), (Si-m-NQ,) or (Si-p-NQ) adsorbents is endothermic
processAH > 0) and non spontaneousy < 0).
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3.6 Adsorbent Regeneration

(Figure 13) shows the effect of adsorbent recowmrythe adsorption of lead ions on ortho-, meta-para-
nitrophenylsilicas. As shown in this plot, the diftnce between the percents of heavy metal ionvanadter the
first and second regeneration of each modified mpelyis very low. This is a strong evidence that theee
synthesized adsorbents can be recycled, and henegeld for several times.

1:(Si-o-NO,) 2: (Si-m-NO,) 3 : (Si-p-NO,)
100%
90%
80%
o 70%
>
<]
£ 60%
()
o
S 50%
N
40%
30%
20%
10%
0%
1 2 3
M 1st use 96.12% 92.53% 97.84%
H 1st regeneration 94.73% 90.97% 96.39%
= 2nd regeneration 93.48% 90.22% 96.18%

Figure 13: Effect of adsorbent recovery on the adsption of Pb(ll) on ortho-, meta-, or para-nitrophenylsilicas (contact time = 5 minute,
C, =10 ppm, adsorbent dose = 20 mg, volume of groundver = 20 mL, pH = 6, temperature = 20 °C)

CONCLUSION

The synthesis and characterization of the new pokane modified surfaces including (Si-o-NQO(Si-m-NQ,) and
(Si-p-NG,) showed that these polymers have very good theamhichemical stabilities, and hence they can bd us
as perfect adsorbents to uptake Ph(Il) from growaieiy

The observed results of this research includedheviing:

The maximum extent of adsorption was for (Si-pJIN@olymer in the presence of lead ions. This adsmmmeeded
only 1 minute of shaking to have 99.95% as peroémb(ll) removal at solution conditions of 20°Grigerature,
pH value equals 8, 5 mg adsorbent dose, 50 ppmb(f)solution as initial concentration and 7 mLlg®mn
volume.Also, the results showed that all adsorgtimtiowed Langmuir adsorption isotherm dependingte value

of R%.The mechanism of all adsorption reactions followssttudo second-order kinetic adsorption model with
correlation coefficient of approximately one.Thertmodynamic parameters of all the adsorptions mrakat these
processes are endothermidd(> 0) and non spontaneousS < 0).
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