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Abstract : Thefeasibility to preparenano zirconium
tungstovanadate using sol-gd techniquewill bestudied.
Theprepared nano-materia will becharacterized usng
variouschemica andphysica eva uation techniques. It
was assigned as cation exchanger asit recoded 96%
lead ion sorption. Theinfluenceof thedifferent process-
ing parametersonto the lead ion sorption processwas

INTRODUCTION

The presence of heavy metalsin the environment
can bedetrimentd toall living organismsincluding hu-
mans. Thispollution originatesfrom discharge effluents
from industries such as cement industries, e ectro plat-
ing, production of metd aloys, production of pigments
for paints, mining, etc. Theremova of toxic heavy metd
contaminantsfrom agueouswaste streamsiscurrently
one of themost important environmental issuesbeing
researched astheir toxic nature, even at tracelevelsin
natura waters, has been apublic health problem(¥. Al-
though thisissue has been studied for many years, ef-
fectivetrestment optionsaredtill limited. Chemicd pre-

monitored. Equilibriumisotherm mode swill beexam-
ined onto the experimental datato determinethelead
uptekemechanism.  © Global Scientificlnc.

K eywor ds: Nano zirconium tungstovanadate; Sol-
gel technique; Characterization techniques; Equilibrium
isotherm; Lead ion separation.

cipitation, adsorption, reverseosmosisandion exchange
processes arethemaost commonly techniques utilized
for removing heavy metalsionsfrom dilute aqueous
streamd?. Lead is one of the most dangerous pol lut-
ants, evenat low concentrationsisextremdy toxic, caus-
ing braindamagein children®. Theion exchange sepa
ration technique characterize over the other separation
techniquesby itssimplicity, cheap and no energy con-
sumable. Accordingly, theion exchange processrepre-
sentsthe most suitabletechniquefor lead ion separa-
tion from polluted wastewaters. Therearevarioustypes
of ion exchange materia sthat are suitableto beutilized
for theion exchange process either fromtheorganic or
inorganic nature.
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Synthetic inorganic ion exchangers have gained
much atention owingtotheir high selectivity for certain
elements, good kineticsof sorption, good selectivity and
specidly their gregter stability to heet, ionizing radiation
dosesand acidic to moderately akaline medium com-
pared with the organicion exchangers. Most investiga:
tions have been concerned with the use of these mate-
ridsintheseparation and remova of heavy toxicmeta
ionsfromindustrial wastewater®. The heteropolyacid
saltsof polyvaent metalsare of great interest because
of their ion exchange character, asthey are superior to
singleinsolublesaltsof thesemetals. Itispossibleto
vary their compositionsand changetheir sdlectivity toa
particular ion. Thustheion exchange behaviour, ana-
Iytical application and synthesis of severa zirconium
based materiashavebeen extensively studied. These
inorganicion exchangerswerefound to show relatively
increased ion exchange capacity, selectivity and played
aprominent rolein water processingin the chemical
and nuclear industries®®. Inthisregard aninorganic
heteropoly acid sdt of zirconium based compound will
be synthetized in nano-scae usingthe sol gel prepara:
tiontechnique. Thisinvestigationwill beded with opti-
mization of thedifferent factorsthat affect theleadion
sorption process onto the prepared cation exchanger.
Moreover, theequilibrium lead ions sorption datawill
be modelled as an attempt to determine the sorption
process mechanism.

EXPERIMENTAL

Materialsand reagents

Zirconiumoxychloride[ZrOCl..8H,0, Germany],
ammonium metavanadate[India and Sodiumtungstete
[Na,WO,.2H.O, India] have been used as the raw
materials for the synthesis of zirconium(lV)
tungstovanadate. Solutionsof thevariousmateridshave
been prepared in de-mineralized water (DMW). All
thesematerid Sreagentsweremainly of andytica grade.

Synthesis of ZWYV ion exchanger using Sol-gel
technique

The sol—gel technique represents one of the fastest
growingfields of contemporary chemistry. Theattrac-
tivefeature of thistechnology isthefact that sol—gel
materiascan beobtained asbulks, thinfilms (on vari-

ous supports) and (nano) powders. Thus, nano zirco-
nium tungstovanadate samplewill be prepared by the
s0l-gel method. Zirconium (1V) tungstovanadatewill be
synthesized through addition of mixtureof 0.2 M am-
monium metavanadateand 0.1 M sodiumtungstateinto
solutionwith 0.2 M zirconium oxy chloridein presence
of 0.01M HCI gradually with continuousstirring at 25
°C. After the addition was complete a fine yellow pre-
cipitate appeared. Thereaction mixturewasdiluted to
1L and alowedto settlefor 24 hfor completediges-
tion™. The supernatant liquid was decanted and gel's
werefiltered by suction and the excessacid waswashed
thoroughly with hot water. Thewashed precipitate was
then dried by gentle heating at 40 °C. Then the product
isgrounded andimmersed in 1 M nitric acid for 1 day
with gentle stirring in order to transform theion ex-
changer toitshydrogen form.

Chemical characterization of theprepared nano
zirconium tungstovanadateion exchanger s
(a) lon-exchangecapacity (IEC)

To determinetheion-exchange capacity, which gen-
erdly taken asameasure of thehydrogenion liberation
by neutra salt, Theion exchange capacitiesof differ-
ent preparedion exchangerswere determined by acid-
base titrationt®. The weighted sample of theion ex-
changer initsH* form were soaked in 50 mL of 1 M
NaCl solutionfor at least 12 h with shaking at ambient
temperatureto exchange protonswith sodiumions. The
ion exchanged wastitrated against astandard solution
of 0.1M NaOH using phenolphtha ein asindicator. The
ion exchange capacity (IEC) wascd culated using the
followingequation:

. . C NaOH
IEC (meqUIV/g)_VNaOH wWd (1)
Where) V..., C, o, and W, arethevolume of NaOH

consumed intitration, the concentration of NaOH so-
lution, and theweight of thedry sample, respectively.

(b) Ion exchange capacity for different metal ions

Theion exchange capacity of prepared nano zirco-
niumtungstovanadatefor dkai and dkaineearth meta
ionswas determined by equilibrating 0.25 g of the ex-
changer with 50 ml of 2 M solution of different metal
sdts. Theliberated acid was measured by titration with
standard akali solution.
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(c) Thermal effect on IEC

Theeffect of temperature on theion exchange ca-
pacity of the prepared nano zirconium tungstovanadate
was determined by heating a 0.5 g from theion ex-
change material at varioustemperaturesin mufflefur-
nacefor 1h. TheNa' ion exchange capacity after cooling
the samplesat room temperature was determined as
mentioned in theion exchange capacity technique.
(d) Chemical stability

Theextent of dissolution of thematerid incommon
mineral acids(HCI, HNO, and H,SO,), bases (NaOH
and KOH) and organic solvents (acetone, benzene,
diethyl ether, heptane, acetic acid and a cohol) wasstud-
ied. 0.5 gof ionexchanger wasequilibrated with20 mi
of thesolution of interest for 24 h at room temperature;
theremainingamount of materid wasfiltered and washed
by DMW. After removal of excessacid or base, it was
driedinovenat 40+5 °C. The changes in color, weight
and theon exchange capacity of theremaining materia
were observed.

Physical characterization of thediffered prepared
zirconium(lV) tungstovanadateion exchangers
(a) X-ray diffraction (XRD)

X-ray diffraction pattern of the prepared ion-ex-
change materia wasrecorded by X-ray diffractometer
with Cu Karadiation beam (I = 0.154060 nm) to de-
terminethe structure of theion exchangers. Wherethe
finely powdered samples of theion exchanger were
packedinto aflat duminium holder, and the X-ray source
was arotating anode operating at 30 kV and 30 mA
with acopper target. Datawere collected between 10°
and 80°in 26.

(b) Thermal analysis(TGA)

Themeasurementsof thetherma analysisof thepre-
pared samplewere carried out usingtherma gravimet-
ricanalysis(TGA) with aheating rate 20 °C/min under

flow of N, to avoid thermal oxidation of the powder
samples, starting from ambient condition up to 700°C.

(¢) Infrared spectroscopy (FTIR)

Thel.R. spectrum of the prepared ion exchange
materid wasexamined. Thedisctechniqueusing KBr
asamatrix wasfound to be suitable. In this concern,
theion exchanger wasthoroughly mixedwith KBr and

themixturewasground and then pressed with aspecia
pressto giveadisc of standard diameter. Thel.R. spec-
trumwas scanned through awavelength range of 600
4000 cm'™.

(d) Scanning electron microscope (SEM)

The grounded prepared sample was scanned to
identify itsstructureand estimate the particle diameter
at different magnifications. The mean diameter of the
grainswasdetermined from the SEM picturesby mea
suring at least 5 crystal sfor each formulation using the
software Imagetool.

L ead ion sor ption affinity

Theionexchangeefficiency of theprepared sample
toward lead ionswas tested. Theion exchange effi-
ciency was determined by equilibrating 0.25 g of the
selected cation exchanger sample of zirconium(IV)
tungstovanadate in H* form with 100 ml of 50 ppm
leadion solution for 3 hwith continuous shaking.

Theremova efficiency isexpressed as.

(Ci-Ce),
=== 100 )
Where, C istheinitial metal ion concentration (ppm)
and C_istheconcentration of metal ions(ppm) &t equi-
librium.
Batch procedurefor ion exchangetechnique

The experimentswere conducted in batch mode
using synthes zed wastewater which was prepared ini-
tially, wherelead chloride (PoCl.,.5H,0) was dissolved
indistilled water to obtain therequired lead concentra-
tion. These experiments were carried out to validate
the effect of contact time (0-3 hr), pH (2-11), tem-
perature (25-80 °C), mixing speed (0—400 rpm), ini-
tial concentration of the synthesis solution (5-1000
ppm), and theamount of ion exchanger (0.1-5 g) on
the ion exchange process using the most proper
synthetizedion exchanger.

Theexperimentscarried out through mixing acer-
tain amount of ion exchanger intheH* forminavia
withthetest solution (typicaly 200 ml) spiked withwaste
solution. Thesamplesweremixedin shakingincubator
till thesolid/ sol ution system obtai ned equilibrium after
3h. Thenthedifferent phasesare separated using cen-
trifugationa 6000 rpm for 10min. Theresidud leadion
concentration inthe solution wasanayzed using induc-
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tive coupled plasma mass spectrophotometer (1CP-
AES, USA). All experimentswerecarried out in dupli-
cate and mean values are presented. The lead ion
measurements onto the | CP equi pment were repeated
threetimesto obtain an accuratelead ion concentra-
tion. The percentage error in the measurement of lead
ion concentrationis= 0.1. The mean lead concentra-
tion valuesin the remai ning waste sol ution were ob-
tained and used for cal culation the percentageionsre-
mova onto the prepared nano-cation exchange sample
asmentioned beforefrom equation 3. Thesorption ca
pacity of the prepared material was calculated using
falowingformula
(Co-Ce)
&= (©)
where; g, (mg/g) istheequilibrium adsorption capacity,
C,and C_(mg/L) aretheinitial and equilibrium con-
centration of leadionsinsolution, V (L) isthesolution
volume, and m(g) istheamount of the cation exchanger.

Equilibrium isotherm modelling for the ion ex-
change process

Sorption isothermsarebasi c requirementsfor de-
signing any sorption system. The sorptionisothermis
fundamental in theunderstanding of sorption processes
sinceequilibrium studiesthe capacity of thesynthesized
nano zirconium(lV) tungstovanadate and indicate the
affinity of the prepared material towardleadions. This
isotherm providesarel ationship between the concen-
tration of leadionin thewaste solution and theamount
of ionssorbed onto theion exchange material whenthe
two phaseswereat afixed temperatureat equilibrium.
The Langmuir and Freundlich equilibrium isotherms
mode swereexaminedtofit theexperimentd data. The
sorption dataobta ned for equilibrium conditionshave
been analyzed using thelinear forms of thesekinds of
isotherms.

RESULT AND DISCUSSION

Different physical and chemical characterization
methodol ogieswereltilized to eval uate the synthesized
baleyellow powdered materia of zirconium tungesto-
vanadate.

Chemical characterization
The prepared samplewas chemicaly characterized
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intermsof itschemical compostion, inadditiontoits
chemical andtherma stabilities.

(a) Thermal effectson ion exchange capacity

lon-exchange capacity of the prepared materid was
affected by heating. On heating at different tempera-
turesfor 1 h, the mass, physica appearance and ion-
exchange capacity of the best prepared Zr(1V)
tungstovanadate was changed asgivenin TABLE 1.
One interesting property of nano-Zr (1V)
tungstovanadate distinguishesby itsthermal stability as
the heating temperature incremented up to 700 °C.

(b) Chemical stability of cation exchanger

Results showing the extent of dissolution of the pre-
pared materid indifferent solutionsaregivenin TABLE
2. Itisdear that the prepared zirconium tungstovanadate
exchangersisquitestablein water, organic solventsand
fairly stablein acids of low concentration and bases
whereasitislessstablein strong acids. Thissolubility
experimentsshowed that the prepared materid ishighly
chemically gable.

(c) Physical characterization

The X-ray diffraction pattern of the prepared ma-
teria isshownin Figure 1. The X-ray diffraction spec-
trum showsanumber of peaksat different 26 values.
The presence of some peaks suggested that the nature
of the prepared nano-Zr(1V) tungstovanadateis semi-
crystdline. Thedifferent intense peskspresentedinthe
samplewere compared withthat in thetwo references
of zirconium oxide phases (Card No. 01-087-1528)
and (No. 01-088-0586), in order to determine the
plane orientation of the cation exchange samplepro-
duced. It wasclear from TABLE 3 that the produced

TABLE 1: Effect of temper atureon theion-exchange capacity
of Zr(1V) tungstovanadate on heatingtimefor 1h.

IEC for

Heating

Temperature  Appearance Na' ion % loss
(°C) (mequiv.g’) " IEC
50 Yellow 25 0
100 Yelow 245 2
200 Yelow 2.39 44
400 Yellow 2.25 10
500 Dark yellow 2.15 16
600 Dark yellow 18 28
700 Greenish ydlow 1.6 36
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sampl e represents amixture of zirconium tungsten
oxideand zirconium vanadium oxidewith cubic crys-
tal configurations.

Accordingtothe TGA analysisgiveninFigure2,
the prepared zirconium tungstovanadate sample
showed two main weight |osses or degradation re-
gions Thefirst weghtlossregionismaximumat around
140 °C which is due to the free external water mol-

TABLE 2: Solubility of Zr (IV) tungstovanadatein various
solvents (0.5 g of the material wasiinitially taken for the
treatment).

Solution Wit. after IEC for Na*
treatment (g) (meqg/g)

Acids:

0.1 M HCI 0.5 25
0.5M HCI 0.5 25

2 M HCI 0.5 25
5M HCI 0.48 21
HNO; 0.2 15
H,S0, 0.32 19
Organic solvents:

Benzene 0.5 25
Heptane 0.5 25
Acetone 0.5 25

| sopropanol 0.5 25
Diethyl ether 0.5 25
Bases:

1M KOH 0.5 25
1M NaOH 0.5 25

eculesremoval**1, While, the second gradual lossin
the sampleweight that began from temperature above
370°C is due to the removal of interstitial water mol-
ecules by condensation of exchangeable hydroxyl
groups (-OH) from the material, which ischaracteris-
tic of syntheticinorganicion exchangers*?13. Above
450°C there is no significant degradation, which means
that no structural changes can occur for the materials.
This suggeststhat the prepared theion exchanger is
stable up to 800 °C.

Morphological characterization of the prepared
cation exchanger zirconium tungstovanadate was per-
formed using SEM. Figure 3 indicatesthat the cation
exchange material has average diameter equal to 28
nm. Thus, the prepared materia producedin the nano-
range.

TABLE 3: X-ray peak valuesfor two referencephases.

Reference 20 for strain Plan of orientation

20 for cubic zirconium tungsten oxide reference
(card No. 01-087-1528)

43,0067 43.1740 (331)
54.842 54.2545 (521)
66.0471 65.9729 (541)
78.8197 78.6726 (722)

20 for cubic zirconium vanadium oxide reference
(card No. 01-088-0586)

17.4341 17.7839 (111
51.8902 51.6046 (430
62.351 62.9232 (135)

15000

-
-
|
|

ST BIETE

10000

1

Intensity

5000 -

RS R B By
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Figurel: X-ray curvefor zirconium tungstovanadate.
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Figure2: TGA curvefor nano zir conium tungstovanadate.
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Figure3: SEM micrograph of prepared zir conium tungstovanadate.
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TheFTIR spectraof the prepared cation exchange
zZirconium tungstovanadate sampleshowed in Figure4.
The analysis of its absorption peaks investigated in
TABLE 4. Theappearance of the peakshas been des-
ignated accordingly™. Thisanalysisassign the pres-
enceof structural H-OH that isresponsiblemainly for
the exchangeable H* ionins dethe prepared nano-cat-
ionexchangesample. Moreover, it wasconfirmed from
the characteristicspesksandysi sthat thematerial com-
posed mainly from amixture of zirconium tungsten ox-
ide and zirconium vanadium oxide as stated previoudy
at XRD section.

Batch experimentsfor lead ion separation
(a) Effect of contact time

Theeffect of contact timeonthelead ionssorption
onto nano zirconium tungstovanadate wasinvestigated
inFigure5. Thisfigure eucidated that the percentage
lead removal increaseswith contact timeand attains

(b) Effect of ion exchanger dose

Theexchanger amount isan essentia parameter to
obtain the quantitative uptake of metal ion. Different
amount of theion exchanger weretested intherange of
(0.1-5 g) and equilibrated for 3 h at an initial lead
concentration of 500 ppm, al experimentswere car-
ried out at the same stirring speed, 200 rpm. Thelead
ionremoval resultsaregivenin Figure®6. It isapparent
that sorption of lead ionswasincreased asthe utilized
cation exchangeamount improved. Thisresult wasex-
pected becausefor afixedinitial meta concentration,
increasi ng adsorbent amount provides greater surface
areaand sorption sitesfor metal ionsuptakethat by its
role enhancethemetal ion removal 27, [tisreadily
understood that the number of availablesorption sites

TABLE 4 : Details of IR spectrum of nano zirconium
tungstovanadate:

Wave number (cm™) Significance
equilibriumwithin 3 hr; thiseffect hasarisen fromthe 2000-3500 Hydroxostretcing vibrations
fact that heavy metal -zirconium tungstovanadateinter- (COHgroups) ,

. . . Deformation vibrations of coordinated
actionisadynamic process and the amount of metal 1600-1630 water (H-O-H bonding)
uptakeisafunction of time®. Thus, 3 hrischosenas 1400-1420 Vibrations due to metal Hydroxyl
the reaction timerequired for equilibrium achievement groups (M—OH) :

. . Superposition of metal oxygen stretching
for thelead ion sorption process. 600-750 vibrations (W-0, Zr-O, V-O).
%T | 1 1 3
60 bt A L b
1 | ; =~ | \
1 2
] : | LS
S AT
R, PL . .
— ||| W 1 V‘
sd L AN S
- 1~ Pe) 1 1
i Sy |
] E IR |
20_'1"\'T"'i'r'\'T'\"i'l"\'T'\' 'I"I'T'\"'\"\'T"T'V"l'l'_l'1'F'\"'l' 'V"\'l"l"‘l""\'r"\"['l'—'r'\'w'l'_
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
S6 + 1/cm

Figure4: FTIR spectraof Zr (IV) tungstovanadate cation exchanger.
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Figure5: Effect of contact timeon thesor ption of pb? by zir conium tungstovanadate (initial lead conc. =500 ppm; resin dose
=0.25 g; solution volume, 100 ml, temperature= 25+2 °C; Agitation speed = 200rpm; pH =7).
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Figure6 : Effect of cation exchange dosage on the sor ption of Pb? ions(initial lead concentr ation = 500 ppm; solution volume
=100 ml, temperature=25+2 °C; Agitation speed =200 pm; pH =7).

increases by increasing the cation exchanger amount.  tungstovanadate dosage were used for examining ef-
FromFigure6it wasinvestigated that theoptimumcat-  fectsof leadion concentration on thelead removal pro-
ion exchanger dosageis5 gm that record 100 % lead  cess. Figure7 illustrated that theremova percentage of
ionremovd. leedionsdecreaseswithincreasinginitid Pb concentra-
(c) Effect of initial metal concentration tions. The decrease in therate of Pb?** removal with

Predetermined optimal valuesof nano zirconium increasing initial concentration may beattributed to that
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theincreasein therepul sion forces between the same
charged specieswith increasing the metal ion concen-
tration. Thusthiswill hinder the mobility of metal ion
toward the exchangeabl e siteg#1,
(d) Effect of pH

Hydronium ion concentrationisan important pa-

rameter affecting theion-exchange process. Thisis
partly because hydrogenionsthemsdvesarestrongly
competing adsorbate. In order to investigate the ef-
fect of pH on lead removal using the prepared nano
zirconium, experiments were performed in the pH
range (1-11). As seen from Figure 8 optimal uptake

100

90

80

70

% Removal

60

B B B

50 | |
400

600 800 1000

Initial conc. (ppm)

Figure7: Effect of initial metal concentration on theion exchange of Pb?* ionsusing the pr epar ed cation exchanger (ex-
changer dosage=0.25 g; volumeof solution =100 ml, temper atur e = 25+2 °C; Agitation speed =200 rpm; pH =7).

100

2] o
o o

% Removal
-
o

10 12

pH

Figure8: Effect of initial solution pH on theion exchange of Pb? ions(exchanger dosage=0.25 g; solution volume=100ml,
temperature=25+2 °C; Agitation speed = 200 rpm; initial lead conc. =500 ppm).
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of Pb?* wasoccurred at pH range of 6-7. At high pH
values, decreasein removal efficiency achieved by
nano zirconi um tungstovanadate can be described with
formation of Pb(OH), during reaction of Pb2+ ions
with OH-. In this state, hydrolysis accompanied by
preci pitation of metal hydroxides may occur!*®, How-
ever, at low pH values, the decreaseinlead ion re-
moval may be returned to the competition of H* ions
with Pb?" intheion exchange process onto the pre-
pared cation exchanger.

(e) Effect of solution temperature

Theeffect of temperature ontheion exchange pro-
cessisimportant not only becauseit affectstherate
and extent of sorption but also due to the fact that
temperature dependence of sorption providesinforma
tion about possible sorbate-sorbent interaction'®!. In
the temperature range of 25-80 °C, the removal ca-
pacity of the prepared inorganicion exchanger for the
lead ionswasdetermined. From FigureQitisclear that
lead ionsremova from the aqueous solutionincrease
with raising temperature. It may be returned to that
higher temperatures activate thelead ionsfor enhanc-
ing sorption at the coordinating sites of nano-cation
exchanger. Also, itismentioned that cationsmovefaster
when temperatureincreases. Potentia explanationsfor
thisarethat specific or € ectrostaticinteractionsbecome

98
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weeker and theionsbecomesmaller, sncesolvationis
reduced®. Thisresult indicatesthat theion exchange
processisan endothermic process onto the prepared
nano zirconium tungstovanadate.

Adsorption isotherms

Resultsobtanedfor leasionssorptionusing thepre-
pared nano zirconium tungstovanadate were anayzed
with well-known adsorption model's, Langmuir and
Freundlich.

(a) Langmuir mode

TheLangmuir isothermisacommonly gpplied modd
for adsorption on acompl etely homogenous surface
with negligible interaction between adsorbed mol-
ecules?, Themode assumes uniform adsorption en-
ergies onto the surface and maximum adsorption de-
pendson saturationleve of monolayer. Langmuir modd
can berepresented with thefollowing linear equation:
Co_ 1  GCe "

ge kgm gm
Where; g, represents the mass of adsorbed lead per
unit cation exchanger (mg/g), g, isthe monolayer ca-
pacity, k isthe equilibrium constant and C_istheequi-
librium concentration of thesolution (mg/L). Plot of C/
q,versusC_shouldindicateastraight lineof dopel/q
and anintercept of 1/g k. Figure 10illustratethelinear

9% P

9 |

92 F

% Removal

920 F

88 |

86 F

84

15 25 35 45

55 65 75 85

Temperature, (°C)

Figure9: Effect of solution temperatureon lead removal at equilibrium using the prepar ed cation exchanger (initial lead
conc. =500 ppm, ion exchanger dosage= 0.25 g, agitation time= 3 h, agitation speed =200 r pm, solution volume= 100 ml,

and pH=7).
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plot of Langmuir equation for leadionsremovad at vari-
ousinitia ion concentrationsonto the synthesized nano
Zirconium tungestovanadateion exchanger.
Fromthecorrelation coefficient (R?) vauegivenin
TABLE 7, which is considered as a measure of the
goodnessof fit of experimenta dataontheisotherm’s
model, It was clear that the Langmuir equation repre-

14

sentsthe sorption process of lead ionsat the prepared
Nano zirconium tungstovanadateion exchanger very well.
Theapplicability of thismodel gives predication that
themain mechanismfor lead ions separation using the
synthesized material may be takes place through the
ion exchangeprocessasmono-layer at theion exchange
material. The Langmuir parametersfor lead ionsre-

1.2 |

y = 0.004x + 0.2152

0.6 R*=0.9719
0.4
0.2
0 | 1 1 1 1
0 50 100 150 200 250 300
Ce
Figure10: Langmuir adsor ption isotherm for lead sor ption using nano zir conium tungstovanadate.
6
4
5 k
y =0.5695x + 2.476
o R*=0.9679
T4 k-
£
3 e
2 1 1 ] ] [
1 2 3 < 5 6 7
In Ce

Figure 11 : Freundlich adsor ption isotherm for lead ionssor ption on nano zir conium tungstovanadate.
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TABLE 5: Isotherm parameterscalculated for lead ions
sor ption using nano zir conium tungstovanadate.

Langmiur isotherm constants:

dm (Mg/g) K (L/mg) R?
250 0.018 0.9719
Freundlich isotherm constants:
ki (Mg/g) n R?
11 1.75 0.967

moval, gm and k, were cal cul ated from the slope and
intercept of thesefiguresand tabulated in TABLE 5.
Theresultsrelevant that the prepared ion exchange
sampl e has maximum monolayer sorption capacity
equalsto 250 mg/gfor lead ions. So, the prepared nano-
materia distinguishesby itshighleadion sorption ca-
pacity. Accordingly, itissuitableto beutilized for in-
dustrial wastewater treatment processes.

(b) Freundlich modd

TheFreundlich mode isknown asearliest empiri-
cal equation andis shown to be cons stent with expo-
nentia distribution of active centers, characteristic of
heterogeneous surfaces?24, Freundlich equationis:

Log ge=log kf +%Iog Ce 5)

Where; K. and n represent adsorption capacity and in-
tensity, respectively. K. isanimportant constant used as
relative measure for adsorption efficiency. The magni-
tudeof then showsanindication of thefavourability of
adsorption. Valuesof nlarger than 1 show thefavor-
ablenature of adsorption?*1. Theplot of Inq_ against
InC_for leadions sorption dataon the prepared nano-
cation exchanger isfitting well to the Freundlich iso-
therm (Figure 11). Where, the correl ation coefficient
valuethat equal to 0.967 is high enough for equation
fitting. Accordingly, thelead ion sorption onto the pre-
pared nano-cati on exchanger may be described by both
Langmuir and Freundlichisotherm models. However,
the Langmuir gpplicability for thelead sorption process
ismuch higher than the Freundlich gpplicability accord-
ing tothemodel scorrelation coefficient values. Thisis
give prediction that the adsorption phenomenahave
somedegree of contribution besidetheion exchange
mechanisminlead ionsseparation. Theintercept of the
straight lineisroughly anindicator of the adsorption
capacity, K_, and theslope, n, isanindication of ad-
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sorption effectiveness. Then value (n>1) tabulated at
TABLE 5 confirm thefavourability nature of lead ion
sorption onthe prepared nano-materials.

CONCLUSION

New nano zirconium(lV) tungstovanadateion ex-
changer was synthesized successfully using sol-gel tech-
nigue, characterized anditsanalytica application was
explored. The XRD spectrum of the prepared materia
indicated that it has semi-crystalinestructure. Moreover
the SEM imaging confirmsthat it wasprepared in nano-
sructure. Thematerid isfairly sableininorganicacids,
basesand organic solvents. Thepromisingfeatureof the
material isitsaffinity for Pb*ions, whichisoneof the
most toxic metal ionspresent in environment.

By studyinglangmiur and frendlich, it wasclear that
the sorption of lead ions by the prepared zirconium
tungstovanadateion exchanger seemed toinvolvead-
sorption phenomenonin addition to ion exchange pro-
Cess.
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