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ABSTRACT

Removal of Pb(l1) ions from aqueous solutions using modified-NiO
nanoparticles (m-NONPs) prepared through chemical reaction of NiO
nanoparticles (NONPs) with 3-aminopropyltriethoxysilane was
investigated in a batch system. The influence of experimental conditions
including contact time, pH, Pb(l1) concentration and presence of diverse
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ions on Pb(Il) adsorption was studied. The results indicated that the
adsorption process correl ated with the Langmuir and Freundlich models.
The maximum adsorption capacity of m-NONPswas found to be 100.2 mg
g* which is considerably more than that of NONPs. The results suggest
that m-NONPsispotentially efficient for removing Pb(l1) ionsfrom aqueous

solutions.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Thegrowth of theindustrid activitieshasincreased
thepallutionin theenvironment, mainly, in aquatic eco-
systemg?2, Waste stream from many industries such
astannery, chemica manufacturing, mining, metallurgi-
cal processes, metd plating, oil refinery, pigmentsand
aloy industries contains considerable amount of toxic
and polluting heavy metal swhich representsaserious
problem to human health and ecological systemg®4.
Among thetoxic heavy metals, special attention has
been giventolead duetoitshightoxicity, causing many
hedlth problemsto the human such asanaemia, paraly-
sis, coma, kidney dysfunctions, brain damage, bone
diseases, skinand lung cancer, etc®. Removal of this
toxic metal from environment isthusamajor focus of
wastetrestment.

Many physiochemica methodshave been usedfor
heavy metasremova from aqueoussolutionsincluding

chemical precipitation, ion exchange, dectrochemical
reduction, membrane separation and adsorption®12,
Among these methods, adsorption ispreferred to re-
move heavy metal ions because of itshigh efficiency,
availability of different adsorbents, easy handlingand
cost effectiveness®®. Several metal oxideshavebeen
used for meta ions sorption. Whereas numerous stud-
ies have been reported about the adsorption of heavy
metalsoniron oxide, titanium oxide, zinc oxideand
silica, very littleisreported about the metal ions ad-
sorption onto other metal oxides such ascobalt oxide
and nickel oxide+2,

Comparedtothetraditional materias, nanomaterias
possess more efficient performance because of their
high specific surfacearea. Furthermore, by the surface
modification, their capability for metal adsorption can
beimproved. Theligandscontaining nitrogen atlom have
excellent adsorption capability for metd cationsdueto
thestrong affinity between nitrogen atom and metd cat-
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iongd?-Z, Inthe previouswork, removing of Po(ll) ions
from agueous sol utions using NiO naoparticleswas
described®. In this study, the NiO nanoparticles
(NONPs) weremodified by aminopropyitriethoxyslane
(APTES) and the modified-NiO nanoparticles (m-
NONPs) used as hew adsorbent for removing of Ph(l1)
ions. Therefore, the objective of thisstudy iscompari-
son of the adsorption capability of NONPs with m-
NONPsfor Pb(I1) remova from agueous solutions.

EXPERIMENTAL

Chemicals

Andytica gradeof nitricacid (HNO,), sodium hy-
droxide (NaOH), 3-aminopropyltriethoxysilane
(APTES), ethanol, Pb(ll) nitrate, copper (I1) nitrate,
cadmium (I1) nitrate, cobdt (I1) nitrate, zinc(Il) nitrate,
Al(I11) nitrateand chromium chloridg(CrCl,), were pur-
chased from Merck Co. Nickel oxide (NiO) was ob-
tained from LobaChemie Co.(India). Standard stock
solutionsof 1.0 g Lt ionswere prepared by dissolving
appropriate amounts of the corresponding salts in
doubledistilled water and werediluted prior to use.

Equipments

The FT-IR spectrawere recorded from 400 cn?
t0 4000 cm* with Bruker Tensor 27 (Germany) spec-
trometer using the KBr pell et technique. The concen-
tration of metal ionswas measured by aVarian Spectr
AA 100 atomic absorption spectrometer using an air-
acetyleneflame.

A KQ 100 Controllable Ultrasonic apparatus
(Kunshan apparatus company, China) wasapplied to
disperse nano-NiOin solution, operating at an ultra-
sonic frequency of 20-80 KHz and an output power
between 0 and 50 W through manua adjustment. The
solution pH was adjusted with aM etrohm 827 Model
pH-meter (Switzerland) suppliedwith aglasscombined
electrode. A Heidol ph model MR 3001K magnetic stir-
rer was used for mixing the adsorbent and agueous
solutions.

Preparation of modified-NiO nanoparticleswith
APTES

Firgly, theNiO nanoparticles(NONPs) withamean
diameter 20 nm were prepared according to our previ-
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ouswork!?¥, Secondly, for surface modifying of the
prepared NONPs by APTES, 1.0 g of NONPs was
added to 25 mL of ethanol under sonication for 1h,
then 4 mL of APTES was added and the reaction mix-
turewas magnetically stirred (600 rpm) for 4h. The
mixture decanted and washed with ethanol and acetone
for threetimesto remove excessAPTES. Findly, the
powder wasdried at 60 °C under vacuum. The modi-
fied-NiO nanoparticles (m-NONPs) werethen char-
acterized by FT-IR before employing.

Adsor ption experiments

Batch adsorption experimentswere performedin
100 mL conical flasks by mixing aknown amount of
the m-NONPs with 50 mL Pb(NO,), aqueous solu-
tion of varying concentration at 25+1 °C under stirring
at 180 rpm. After gppropriatetime, the suspensionwas
centrifuged at 6000 rpm for 10 min and the concentra
tion of Pb(l1) in the supernatant was determined by a
flame atomic absorption spectrometer (FAAS). Thead-
sorption capacity () of them-NONPsfor Po(11) sorp-
tion wascd culated from thefollowing formula
g=(C,-C)*xV/m (1)
whereqistheamount of Pb(I1) adsorbed per unit mass
of m-NONPs(mgg?); C,istheinitia concentration(mg
L™) of Pb(l1); C, isthe concentration of Pb(ll) after a
certain period of time(mgL™?); V istheinitia solution
volume (L) and misthem-NONPsmassadsorbent (g).
Theeffect of contact time, solution pH, initia concentra-
tionof Po(I1) solution (C ) and diverseionsonthe Po(11)
adsorptionwasinvestigated at 25°C.

Adsorption isotherm studies were conducted by
mixing 0.01 g of m-NONPswith 50 mL of Pb(NO,),
aqueous sol utions of different concentrations, varying
from20to100mgL*at 25+ 1 °C and pH of 7 for 4h.
The pH of test solution was adjusted to the desired
valueusing 0.1M HNQO, or 0.1 M NaOH. A control
Pb(I1) solution inthe absence of Mm-NONPswasrunin
pardld with each experiment under sameexperimenta
conditions. All experimentswereperformedintripli-
cate and the average values arereported here.

RESULTSAND DISCUSSION

Preparation of m-NONPs
Asitisknown, metal oxidesnanoparticleshavepo-
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tentid to besurface-modified with functiona compounds
dueto presence of hydroxyl groupson their surface®
28, Accordingly, m-NONPswas prepared through re-
action of NONPswithAPTES. Thediagram of modi-
fication of NiO nanoparticleby APTESisrepresented
inthescheme 1.

OH

OH
HO OH (|)EI HO rfOH (lJEI
Ho @ AOH + EtO—S|i/\/\NH2 —»Ho @ O—SIi/\/\NHz
OFt
HO BEL HO OH
Ho OH HO

Scheme1: Preparation of m-NONPs.

TheFT-IR technique asareliable method for fol-
lowing thevariaionsinthefunctional groupswasused
for characterization theprepared m-NONPs. Figure 1
shows the FT-IR spectra of NiO (&) before and (b)
after reactionwith APTES. From compari son of spec-
tra(a) and (b), it isobserved that anew peak appeared
at 1050 (Figure 1b) whichisattributed to S—O stretch-
ing bond. Thisrevea sthat hydroxyl groupsof thesur-
face NiO have been successfully reacted with APTES.
A similar procedure was reported for modification of
ZnO nanoparticlesby APTES?.
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Figurel: FT-IR spectraof (a) NONPs(b) m-NONPs.
Pb(l1) adsor ption

To obtain the optimal conditionsfor Pb(I1) sorp-
tion by m-NONPs, theinfluences of various parameter
such ascontact time, pH and initial concentration of
Pb(11) solutionwereinvestigated. Theeffect of contact
time on the Pb(11) sorption by m-NONP_wasinvesti-
gated by mixing 50 mL of 20 mg L Pb(ll) solution
with 0.01 gm-NONPs. Asshownin Figure 2, therate
of Pb(Il) uptakeisinitially fast and then gradual ly de-
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clines, reachingto equilibriumvaue (C) after 4h. Gen-
erdly, thefast adsorption ratesobserved withintheini-
tial time-course may berelated to the existence of the
greater number of available sorption sitesfor adsorp-
tion of the Pb(l1) ions. Since the number of sorption
sitesfor an adsorbent isfixed, and each active sitecan
adsorb only oneion, decrease of remaining activesites
leadsto slowdown in adsorption rate due to competi-
tion of theremained Pb(I1) ionsin solution and forma-
tion of repulsive forces between Pb(I1) ionson solid
surface.
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Figure2: Effect of contact time on theadsor ption efficiency
of Pb(11) onthem-NONPs.

Theeffect of solution pH on theadsorption of Po(1l)
ions by m-NONPswas studied by suspension 0.01 g
of m-NONPsin 20 mL of 20 mg L Pb(11) solution by
varying pH ranging from 3to 8. To avoid precipitation
of Pb(1l) ionsin hydroxideform (pH >8) and also pre-
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Figure3: Effect of pH on theadsor ption efficiency of Pb(11)
onthem-NONPs.
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vent dissol ution of theNi O adsorbent inacidic solution
(pH <2), the adsorption experimentswere conducted
at 3<pH <8. Theresultswereshownin Figure 3.

AsshowninFigure 3, theadsorption efficiency was
highly pH dependent. The Pb(l1) adsorption wasin-
creased by increasing of the solution pH and then
reached amaximum (over 99 %) at pH vaues>5. The
effect of pH on the adsorption efficiency might bedue
to the surface properties of them-NONPs adsorbent,
carrying—NH, groupsand the degree of their protona-
tionwhich variesby variation of pH value. Theinflu-
ence of pH on the adsorption Pb(I1) by m-NONPs
can beexplained by thefollowing Egs.:

—NH,+H* > —NH3} @

2—NH2+Pb2+—>(—NH2)2Pb2+ ©)
Eq. 2, indicatesthe protonation of theamino-groups
of m-NONPs, resulting in formation of positively
charged surface. Accordingly, asthe solution pH de-
creases, more—NH, groups of m-NONPs surface be-
come protonated and convertsto -NH,*, leading to
decreasethe available-NH, groupsonthem-NONPs
surface and hence adsorption of Pb(I1) ionsthrough
Eq. 3 decreases. Additionally, the el ectrostatic repul -
sion between Pb(I1) ions and the protonated amino-
groups of m-NONPs is increased when the pH de-
creases, causing adecreasein the Pb(11) adsorption.

Effect of diverseions

Inorder toinvestigate the effect of potential inter-
feringions on the uptake of lead ionsby m-NONPs,
theadsorption of Pb(l1) ionsfrom their binary mixtures

1N

Cu(l) Co(ID CdI) Cr(In Aldm

100 |
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Ph(II) adsorption (%)
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Interfere ion

Figure4: Adsor ption efficiency of Pb(I1) by them-NONPsin
the presenceof diverseions.
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withdiverseionsinduding Cd(I1), Zn(Il), Cu(ll), Co(ll),
Cr(l11) and Al (111) wasexamined. Theexperimentswere
conducted by mixing 0.01 g m-NONPswith 20 mL of
20 mg L1 Pb(I1) solution containing 20 mg L of each
individud interfereionsand the efficiency of Po(ll) ad-
sorptioninthe presence of each diverseionswas de-
termined. Asitisshown in Figure4, except Cu(ll) and
Cr(l11), theother diverseionshaveno significant influ-
enceonthePh(11) adsorption from thebinary mixtures,
suggesting the high affinity of m-NONPstoward Pb
(1) ionsas compared to the other ions.

Adsorption isotherms

Theadsorptionisothermsof Pb (11) ionsat 25°C
were obtained by varying theinitial concentration of
Pb(I1) solution from 20to 100 mg L. The experimen-
tal resultswereandyzed by the Langmuir and Freundlich
isothermg®. The Langmuir model isvaidfor mono-
layer adsorption onto surface containing finite number
of identicd sorption sites. Thelinear form of Langmuir
moddl isexpressed by thefollowing equation:

C. 1 C,

9. ba, 'y @
where g andq_ arethe observed and maximum ad-
sorption capacities(mg g*), respectively, C_istheequi-
librium concentration (mg L) and bisLangmuir ad-
sorption constant rel ated to the affinity of binding sites
(L mg?). Ontheother hand, the Freundlich equationis
based on adsorption on heterogeneous surface. The
linear form of thismodel isasbellow:

Iogqe=%logce+logKf (5)

whereK isthe Freundlich adsorption capacity and 1/n
refersto the Freundlich adsorption intengity.

The adsorption parameters of the Langmuir and
Freundlich isotherms derived from their related plots
(Figures. 5, 6). Thegood correl ation coefficients (R?)
obtained from Langmuir (R?=0.991) and Freundlich
(R? = 0.980) models indicate that the adsorption of
pb(I1) on m-NONPs obeys both models. These re-
sults suggest that the adsorption of Pb(ll) ionson m-
NONPsismonolayer and the adsorption sitesareen-
ergeticaly heterogeneous. Thevauesof 1/nandlogK;
were found to be 0.155 and 1.68, respectively. The
vaue of 1/n<1indicatesthat theadsorption of Pb(I1)
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Figure5: Langmuir isotherm adsor ption plot of Pb(l1) on m-

NONPs,
2.1

2 L

19 |

log qe

1.8 |

1.7

1.6 |

15
-0.5 0 0.5 1 1.5 2

log C,

Figure6: Freundlich isotherm adsor ption plot of Pb(11) on
mM-NONPs.

ionsonthem-NONPsisfavourabl €Y.

Comparison of the maximum adsorption capacity
(g,) of m-NONPs, obtained from the present study
with that of NONPS?%, indi cates that adsorption ca-
pacity of m-NONPs (100.2 mg.gt) isabout 1.5 times
morethan that of NONPs (62.5mg g?). Thiscan be
attributed tothe presence of aminopropyl chain (Scheme
1), carrying N-donor atom, which leadsto coordina-
tioninteractions between Pb(Il) and -NH, groupsand
formation of surfacecomplex of NH,—Pb*.

CONCLUSIONS
Themodified-NiO nanoparticles(m-NONPs) were

successfully prepared through reaction of 3-
aminopropyltriethoxysilane (APTES) with NiO
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nanoparticles and employed as new adsorbent for up-
takeof Pb(I1) ionsfrom agueoussolutions. It wasfound
that contact time, pH and initial concentration of Pb(I1)
solution influence on adsorption capacity, and the ad-
sorption process obeysboth Langmuir and Freundlich
isotherms. Maximum adsorption capacity of m-NONPs
wasfoundtobe 100.2 mg gtwhichisremarkably more
than that of NONPs(62.5mgg?) indicatinganimprove-
ment in the adsorption propertiesof NiO nanoparticles
surface dueto modification by APTES. Thisresult sug-
geststhe m-NONPs as apotentially efficient adsor-
bent for Po(l1) removal from aqueous solutions.
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