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ABSTRACT KEYWORDS
Dithizone, achelating compound, wasimmobilized on the surface of three A' uming,
different types of alumina, acidic, neutral and basic, via physical adsorp- D_lthl zone;
tion asasimple, direct, efficient and environment friendly technique. Sur- Selective extragtl on;
face characterization of the newly modified alumina-functionalized- Preconcentration;
dithizone (1-111) was accomplished by 70-eV EI-MS as a promising tech- Waste water.

nique for surface and thermal evaluations aswell asinfrared analysis and
determination of the surface coverage values. The metal interaction prop-
erties of the newly modified alumina phases were studied for a series of
heavy metal ions via determination of metal capacity under the influence
of various factors. The results of distribution coefficient and separation
factor revealed that the newly modified alumina phases are highly selec-
tive for Pb(l1) and Cr(l11). The potential suitability and applicability of
modified alumina phasesas solid chelating ion exchangers, extractorsand
preconcentratorsfor Pb(l1) from real water and waste water sampleswere
successfully accomplished with percentage removal, extraction and re-
covery valuesintherangeof 93.0+6.0%-99.6+4.0% and a preconcentration
factor equals 200 and without any interference of the matrix effect.
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INTRODUCTION propertied*2. Commercid auminaisprepared by heet-

ing aduminatrihydrate, Al,O,.3H,0 and the products

Aluminaisknown asone of themost commonly  areknownto composeof aluminumoxide, ALO,, au-
used inorganic solid supportsand comeafter silicagel  minamonohydrateAlLO,. H,O. Ingenera, most of the
fortheir andytica chemistry gpplications. Aluminatypes  surface water molecul esare present intheform of sur-
arewidely used duetotheir presenceinvariousvariet-  facehydroxyl groupsor adsorbed water. Based onthe

ieswith basic differencesintheir chemical andphysicd  pH-vaueof agueoussuspens on of auming, threetypes
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of duminacould beclassified®. Acidicduminawitha
characteristic pH-va ue of agueous suspension equa
4.0+0.5, neutral alumina(pH of aqueous suspension
=7.0+0.5) and basic alumina type with a characteristic
pH-vaue of agueous suspension equd 9.5+ 0.5. How-
ever, thesurface of duminaasan exampleof inorganic
solid supportsis characterized by the presence of cer-
tain functional groupsashydroxyl onesindifferent ar-
rangements and di stribution#9,

Metd ionsandtheir specieseither essentia or toxic
for theliving organismsarefinding their routesinto the
different samples, matricesand environmentsfrom many
sources. Theaccurate determinations, qualitativeor
guantitativeanaysis, of thetarget metal ionsor their
speciesespecialy intheenvironmentd, biologica and
industrial samplesare considered of great challengeto
theanalytical chemists because of the huge number of
interfering speciesand compounds. Thedetermination
procedureisprincipaly started with animportant step
known astheextraction and/or preconcentration. Sev-
eral avail abl e techniques are commonly used and ap-
pliedin metal ionsextraction®d. The solid phaseex-
traction technique(SPE) affordsseverd advantagesover
the classcd liquid extraction concerning the hazardous
wagtegeneration. SPEismainly based onthetilization
of solid support, either organic or inorganic, instead of
organic solvent toload thetarget metal ion or anayte
on the surface. The hydroxyl groups on the surface of
aluminaarethemgor contributing factorsthat arere-
sponsiblefor binding, adsorption, and extraction pro-
cesses. Theweak ion exchange propertiesof thesehy-
droxyl groupsareto favor their low interaction behav-
ior with various species®®. Therefore, improvements
of the adsorption efficiency and extraction power of
the SPE aswell asincorporation of certain selectivity
charactersaredwaysaimed viasurface modification
with certain functiond groups. Functiondized chelaing
inorganic solid supports arethe most important types
of sorbents that can be used and applied in the pro-
cessesof solid phase extraction of toxic and non-toxic
trangtion and non-trangition metal ionsdueto thepres-
enceof certain donor atoms, mainly nitrogen, oxygen,
sulfur and phosphorusin these compounds|eading to
incorporation of certain selectivity charactersinto the
newly modified SPE.

Different techniquesareusudly used to modify and
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characterizeduminasurfacefor theimprovement of their
andytica and adsorptivecharacterigtics. Chemicd modi-
fication of dluminasurface, d so denoted aschemisorp-
tion, can be accomplished by two distinct processes.
organofunctiondization, wherethemodifier reagentis
organiccompound andinorganofunctionalization, inwhich
the group anchored on the surface may be an organo-
metallic or ametallic oxide®'. The second typeof sur-
facemodification of duminaphasesisusudly performed
viasurfectant coating followed by direct immobilization
of themodifier of interest either organicor inorganicand
commonly used for synthesisand formation of newly
modified duminaphases*13, Surface modification of
a umina phases can a so be performed by sol-gel tech-
niqueinwhichapolymer coating procedureof the sur-
faceand preci pitation of themodifier4, Modification
of duminaphaseswith organic or inorganic modifiers
can be accomplished by physical adsorption approach
viathermd or hydrothermal treatment. Thisgpproachis
very Smplecompared to other methodsand consdered
to be time, efforts and money saver aswell as being
friendly to the environments. Thistechniqueof surface
modificationleadsto chemicd changeinthesurfacecom-
position of modified a uminaphases. Themost conve-
nient way to devel op physisorbed d uminaphasesisusu-
adly achieved by smpleimmohilization of thetarget com-
pound on thea uminasurfaceviaadsorption or eectro-
daticinteractionor hydrogen bond formationor any other
typeof interaction*®,

Diphenylthiocarbazone(dithizone)is one of the
chemical reagentsthat experienced with great interests
asasulfur and nitrogen donor atoms containing chel at-
ing compound in various approachesfor design and
synthesisof chemically or physicaly loaded sorbents.
Dithizone-modified-sorbentswerefound to bewidely
applied asexcdlent extractantsfor heavy meta ions
and their speciesfrom different matrices'¢®. Theim-
mohbilization of dithizoneon thesurfaceof duminaphases
islimited*®. However, immobilization of dithizoneon
thesurfaceof different typesof dumina, acidic neutral
and bagic, viaphysicd adsorption techniqueasasmple,
direct, efficient and environment friendly approachis
amed for the sake of preparation of newly modified
auminaphasesthat are capable of binding, extraction,
separation and preconcentration of toxic and hazard-
ous speciesfrom aqueous samples.
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EXPERIMENTAL

Chemical and reagents

Three alumina types of standard specifications
(150mesh, 58A, and surface area=155m?g) were pur-
chased from Aldrich Chemical Company, USA. The
first typeisanacidicduminawithapH vaueof 4.5+0.5
for the agqueous suspension. The second aluminatype
isneutral withan assigned pH 7.0+£0.5 of aqueous sus-
pens on and thethird aluminaphaseisabas ctypewith
apH valueof 9.5+0.5.

Diphenylthiocarbazone(dithizone, Formulaweight=
256.33) purchased from BDH Limited, Poole, England
and used asrecelved.

Solutions

Themetd saltsareal of analytical gradeand pur-
chased from Aldrich Chemical Company, USA and
BDH Limited, Poole, England. Themetd ion solutions
were prepared from doubly distilled water (DDW).
Buffer solutionswith pH 1.0,2.0,3.0,4.0,5.0,6.0 and
7.0 wereprepared from 1.0 M hydrochloric acid solu-
tion and 1.0M sodium acetate tri hydrate solution by
mixing theappropriate volumesof thetwo solutionsand
dilutingto 1.0liter. The pH-vaueof resulting solutions
was adjusted by apH meter.

I nstrumentation

Infrared spectraof themodified duminaphases (-
[11) were recorded from KBr pellets using a Perkin-
Elmer spectrophotometer, model 1430. The pH-mea-
surements of themetal ionsand buffer solutionswere
carried out with an Orion 420 pH-meter and thiswas
calibrated against standard buffer solutions of pH 4.0
and 9.2. Thermolyne 47900 furnace was used to de-
terminethemmol g! surface coverage va uesof modi-
fied duminaphase viathermal desorption analysis.
Atomic absorption analysisfor determination of the
metal concentration was performed using a
SHIMADZU modd AA-6650

Theé ectronimpact mass spectraof blank aumina,
chelating compound and modified aluminaphases(l-111)
were carried out using aVarian MAT 212 mass spec-
trometer equipped with adirect insertion probe(DIP)
inthelnstitutefor Inorganic and Anaytical Chemistry,
Muengter Univergty, Germany. Themass spectrd sheets
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were computerized to give I/Base and its correspond-
Ingmass.

Synthesisof aluminaphases-physically adsor bed-
dithizoneg(l-111)

Diphenylthiocarbazone(dithizone), 2.6g(~10.1
mmol), asthe organic modifier wasweighed and trans-
ferredtoa500ml conical flask and completely dissolved
by heating at ~50°C in400ml of ethyl alcohol. Tothis
solution 10.0+0.1g of alumina phase, either acidic, neu-
tral or basic, was added and the reaction mixture was
further dirred & thistemperaturefor Sx hours. Thenewly
modified duminaphaseswerefiltered, washed with 50ml
ethyl acohol onthreeportionsand finaly with 50ml of
diethyl ether. Aluminaphaseswerethenallowedtodry
inan oven at 60°C.

Surfacecoveragedetermination

The determination of surface coverage values of
modified aluminaphases(l-111) was accomplished by
thermal desorption method®?%, In this method,
100+1mg of the dry alumina phases (I-1II) was weighed
andignited at 550°C inamufflefurnace. Theinitid tem-
perature was set at 50°C and gradually increased to
550°C inabout 20 minutes. Theignited phasewasthen
kept at thistemperature for one hour and |l eft to cool
downingdethefurnacetill 70°C. Thesamplewastrans-
ferred to adesiccator and | eft to reach the room tem-
perature. Thewei ght loss of the organic chelating com-
poundswasdetermined by thedifferenceinthesample
weights before and after the process of thermal des-
orption. Blank samples of aluminaphaseswereaso
subjected to the samethermal desorption procedureas
described for compari son with the resultsobtained for
auminaphases-physically loaded-dithizone,

Sability test of the newly synthesized alumina
phases(I-111) in different acidic buffer solutions

0.5g of themodified d uminaphasewas mixed with
50ml of the selected buffer solutions (pH 1-7) in a
100ml volumetric flask and automatically shaken for
one hour. Themixture wasfiltered, washed with an-
other 50ml portion of thesamebuffer solutionand DDW
and dried at 70°C. 25.0+1mg of the buffered alumina
phasewasadded to asol ution containing 9.0 ml of buffer
solution (pH=6) and 1.0ml of 0.1 molar of Cu(ll). The
mixturewasautomatically shakenfor 30 minutesby an
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automatic shaker and the degree of hydrolysisof alu-
minaphase-physi cally adsorbed-dithizonein different
buffer solutionswas determined from themeta upteke
vauesof Cu(ll).

Deter mination of metal capacity

Themetal capacity values (umol g?) of themodi-
fied duminaphases(l-111) for theextraction of thisse-
riesof metal ions, Mg(ll), Ca(ll), Mn(ll), Cr(I1l), Fe
(11, Co(I), Ni(11), Cu(ll), Zn(11), Cd(I1), Hg(I) and
Pb(11) invariousbuffer solutions (pH 1.0, 2.0, 3.0, 4.0,
5.0, 6.0and 7.0) were determined intriplicate by the
batch equilibrium technique. Inthismethod, 501 mg
of the dry phase wasweighed and added to amixture
of 1.0ml of 0.1M metal ion and 9.0ml of the selected
buffer solutioninto a50ml messuring flask. Theseflasks
werethen shaken at room temperaturefor 30 minutes
by an automatic shaker. After equilibration, themixture
wasfiltered and washed threetimeswith 200mI-DDW.
The unbounded metal ion was subjected to
complexometrictitration using 0.01M-EDTA solution
or by atomic absorption analysis.

Theeffect of shakingtimeintervals(1,5,10,15,20,25
and 30 minutes) onthe meta capacity and the percent-
age of extraction was also studied for some selected
meta ion by the batch equilibrium techniqueaccording
to thefollowing procedure. Of thedry aluminaphase,
50+1mg were added to a mixture of 1.0ml of 0.1M of
each metad ionand 9.0 ml of the optimum buffer solu-
tion. Thismixturewas shaken for the sd ected period of
time, filtered, washed with 100 ml DDW and the
unextarcted metd ion by aluminaphasewas determined
by complexometric EDTA titration.

Deter mination of thedistribution coefficient

Thefollowing metal ionswere used to preparethe
solutionsused to determine the di stribution coefficient
values of the various modified aluminaphases(l-111).
The metal ions are Mg(ll), Ca(ll), Mn(1l), Cr(ll1),
Fe(l1l), Co(11), Ni(ll), Cu(ll), Zn(I1), Cd(11) and Pb(1l).
Theconcentration of eech meta ionsolutionis~1.0ppm
in 0.1 molar sodium acetate solution except Fe(111) was
prepared in buffer pH 2. In a25ml measuring flask,
100+1mg of the modified alumina phase(I-1II) was
weighed. 10ml of 1.0ppm metal ion wasthen added
and theflask was shaken by an automatic shaker for 1-
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hour. Thismixturewasfiltered and washed with 10 ml
DDW. Thevolumeof themetal ionwas compl eted to
50ml by using 5% hydrochl oric acid sol ution. Standard
and blank solutions of the same metal ion werealso
prepared. The concentration of meta ioninthesample,
standard and blank sol utionswere determined by aiomic
absorptionandysis.

Applicationsof modified aluminaphases(l-111) for
selective removal and extraction of Pb(l1) from
industrial wastewater samples

Thefollowing water sampleswere collected and
used to conduct this study'?-%1, Waste water samples
were collected from Damnhour drug factory and spiked
with ~1.0-2.0ppm Ph(11) followed by flame atomic ab-
sorption anays sof these samples. Theextraction pro-
cedure of Pb(Il) from water samplewas accomplished
by running 1.0 liter over amicro-column packed with
500mg of the sel ected modified duminaphasewith a
flow rate 10.0ml min'. The effluent solution was col -
lected and acidified with hydrochloric acid and sub-
jected for atomi c absorption spectrophotometric anay-
sisof thefree unextarcted metal ion. Thewater sample
was subjected for atomi ¢ absorpti on spectrophotometric
anayssbeforeruining over thetested column. A blank
samplewasa so measured by atomic absorption spec-
trophotometric analysisfor thedirect comparison.

Selective preconcentration of Pb(l1) from drink-
ing tap water samples?+

Preconcentration of Pb(11) was performed accord-
ing to thisprocedure. 1.0 liter of drinking tap water
samplewas spiked with (~1.0 and 5.0ng/ml ') of the
target meta ion. Thiswater samplewas passed over a
preconcentration micro-column packed with 500 mg-
modified alumina phase(l-111) with a flow rate of
(~10.0ml min™') under air pressure. Theadsorbed meta
ion on thea uminasurfacewas desorbed by theflow of
5.0 ml of concentrated nitric acid and determined by
atomic absorption analysisto identify the percentage
recovery and preconcentration values.

RESULTSAND DISCUSSION

1. Surface characterization of alumina phases-
physically adsor bed-dithizone(l-111)
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Electron impact massspectrometric analysis

M ass spectrometry techniqueis one of the power-
ful andyticd methodsof andysisfor quditativeand quan-
titative determination of organic and inorganic com-
pounds?. It can be applied for the identification of
productsformation aswell as study thereaction fol -
low-up. Severa techniquesare usually usedto apply
the samplefor introduction into the mass spectrometer
and theioni zation chamber. Themost commonly used
sampl e application methods are the direct insertion
probe (DIP). Aluminaphases-chemically or physically
| oaded-organi c compounds can betested for surface
modification aswell asthermd stability viatheir andy-
sisby the mass spectrometri c techniqueunder e ectron
impact ionization with aheating temperature= 300°C.
Thepossibleapplication of EI-MSasapotentia tech-
niquefor identification of surfacemodificationisamed
aswel|l astheinformation that can be generated about
the thermal stability of the newly modified alumina
phases. Findly, the presentation of further evidencefor
the possible use and application of these modified or
someof thesemodified phasesasnew stationary phases
for gas chromatography because the suitable GC-
phases must bethermally stable over awide range of
temperature either used inisothermal or temperature
programming systems?’-,

The 70-eV electron impact-mass spectra(70-eV
EI-MS) determined by thedirect insertion probe(DIP)
and heated to 300-350°C asamaximum heating tem-
peraturefor thea uminaphases-physically adsorbed-
dithizone(I-111) was performed for modified acidic, neu-
tral and basic aluminaphases (I-111). The mass spec-
trum of dithizone and blank acidic duminaphasewere
also studied for comparison. It was found that two
characteristiclow massesat m/z 18 and 44 arethemg or
peaksin the mass spectrum of acidic aluminaphase.
The peak at m/z 18 is mainly due to the presence of
elther adsorbed water moleculeson thesurface of blank
acidic aluminaphaseor to the presence of water mol-
eculesinsdetheionization chamber of the mass spec-
trometer. Thelatter attributionisassisted by the pres-
ence of the mass spectrum peak at m/z 44 which cor-
responds to the presence of CO, molecules®#1. No
other characteristic fragment ion peaks could beidenti-
fied from the mass spectrum of blank acidic alumina
phase. The 70-eV EI-M S-DIP spectrum of dithizone
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asan organic modifier was characterized by the pres-
ence of two peaksthat arerelated tothemolecularion
peak at m/z 254(84%) and 256(8%). Some other frag-
ment ion peaksarederived and rel ated to the dithizone
moiety at m/z 105(65%) for theformation of thisfrag-
ment ion[®-N=N]*, 92(86%) for the fragment ion[ ®-
NH]*, 77(100%) asthe base peak and dueto the phe-
nyl ring. The 70-eV EI-M S-DIP spectrum of acidic
aumina-physcaly adsorbed-duminaphase(l) isiden-
tified by the presence of these masses at m/z 18, 28
and 44 that correspondto H,0O, N, and CO, molecules,
respectively. The other fragment ionsare of very low
relative abundance and thistrend isexpected owing to
thelow percentage val ue of immobilized dithizoneon
the surface of acidic alumina(4.48 %) whichiscalcu-
lated from the surface coverage of phase(1). No mo-
lecular ion peak at m/z 256 was detected but other
identified fragment ionsat m/z 105(9 %), 92 (6 %) and
77(1 %) asdescribed.

The sametrend and observation can beidentified
and outlined from the 70-eV EI-M S-DIP spectra of
modified neutral aluminaphase(ll) and modified basic
aluminaphase(l11). The percentage surface coverage
values are cal culated from the corresponding surface
coverage values and found 3.64 and 4.15%, respec-
tively. However, themolecul ar ion pesk at m/z 256 was
identified inthe 70-eV EI-M S of phases(I1) and(l11)
withrel ative abundance<2%. Theconclusion that can
be drown from the mass spectrometric study of these
phases at the measured temperature of DIP (300-
350°C) isthe capability of 70-eV EI-MS-DIP tech-
niquefor confirmationof surfaceadsorption of dithizone
on elther neutra or basic aluminaphases. Thetherma
stability of these newly modified d uminaphasescanbe
confirmed dueto the absence of good mass fragment
patternsin these phases as compared to the 70-eV El-
M S-DIP spectrum of dithizone.

I nfrared spectrophotometricanalysisof modified
aluminaphases(l-111)

Theinfrared spectrum of blank unmodified dumina
phaseswereidentified by the presence of threeinfra
red peaksat 3600-3400, 1650 and 1000-400cn? that
aremainly dueto theauminamatrix. However, immo-
bilization of dithizone on the surface of either acidic,
neutral or basic aluminacan lead to exhibition of few
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infrared peaks that correspond to the immobilized
chelating compound. These peaks are expected to be
weak or very weak ones depending on the percentage
of loaded dithizone on the surface of aluminaphase.
Thesevaduesare4.48% for modified acidicaumina(l),
3.64% for modified neutral alumina(ll) and 4.15%for
modified basicadumina(lll). Thecharacteristicinfrared
pesksintheinfrared spectraof newly modified dumina
phases-physi cally adsorbed-dithizone(I-111) werefound
to be centered at 1440, 1570, 3095 and 3440cm™*
corresponding to, v-N=N, v-C=S, v-C-H (aromatic)
and v-N-H functiona groupsrespectively.

Determination of the surface cover age values of
modified aluminaphases(l-111)

The surface coverage val uesof thenewly modified
aluminaphases-physically adsorbed-dithizone (1-111)
were determined by thermal desorption method and
metal probetesting method. The determined surface
coverage values on the basis of thermal desorption
method werefound 0.175mmol/g for newly modified
acidic alumina-physically adsorbed-dithizone (1),
0.142mmol/g* for newly modified neutral alumina-
physically adsorbed-dithizone (1) and 0.162mmol/g*
for newly modified basic aumina-physicaly adsorbed-
dithizone(l11). Thesevalueswereasotrandated into
percentage coverage of dithizoneonthesurface of au-
minaphasesand found to be 4.48%, 3.64% and 4.15%
for modified duminaphases(l), (11) and (111), respec-
tively. Thesevalues confirm the possiblebinding via
adsorption of dithizone on the surface of either acidic
or neutra or basicauminatype. Theclosenessinthese
surface coverage valuesfor modified aluminaphases
(I-111) provesthat thereisnorolefor the pH values of
theblank unmodified acidic, neutra and basicalumina
phasesinthe processof physical adsorption.

Inthemetd probetesting method thehighest bound
meta to the surface of newly modified phase, asdeter-
mined and eva uated by themetal capacity vaue, isusu-
ally taken asarepresentative valuefor the surface cov-
eragevaueof thismodified phase. Accordingtothis
method the estimated surface coveragemmol/g* vaue
for modified acidic duminaphase-physicaly adsorbed-
dithizone (1) wasfound to be 0.440mmol/g* based on
thevalueof meta capacity of Cu(ll). The surface cov-
erage of newly modified neutrd duminaphases-physi-
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cally adsorbed-dithizone (1) was found to be 0.460
mmol/g* asidentified from themeta capacity vauesof
ether Cr(l11) or Cu(ll) with thismodified duminaphase.
0.460mmol/g* wasfound to be the surface coverage
of newly modified basic alumina phase-physically
adsorbed-dithizone(l11)asidentified from themetd ca
pacity valuesof both Cr(111) and Cu(11) with the modi-
fied basicaumina(lll). Thereason for such high sur-
face coverage determination by this method may be
attributed to the contribution of thealuminameatrix via
the ion exchange charactersincorporated into these
types of solid supportsg®9. Thesametrend and argu-
ment can a so be confirmed for theinsgnificant contri-
bution of the acidic-basic charactersof blank alumina
phasesin the adsorption process of dithizoneon their
surfaces.

TABLE 1 compilesthe cal cul ated and eval uated
surface coverage va ues of thethree newly modified
auminaphases-physicaly adsorbed-dithizone(I-111) as
determined by thetherma desorption and rel ated per-
centage coveragevalues aswell asthose determine by
themetd probetesting methods. The pH-valuesof the
blank unmodified duminaand modified duminaphases
(I-11l) aredsolistedin TABLE 1.

2. Sability of alumina phases-physically adsor bed-
dithizone(l-111) in different buffer solutions

The stability of newly modified aluminaphases-
physicaly adsorbed-dithizone (I-111) wasstudied in dif-
ferent buffer solutions (pH 1-7) to identify the stability
of theorganic chelating modifier, dithizone, onthe sur-
face of each duminaphase. The hydrolyzed alumina
phasewasthen used to determinethemmol g of Cu(ll)
whichwasfound to exhibit themaximum metd uptake
valuewithinal tested meta ions. Thevauesof deter-
mined mmol g*for the hydrolyzed duminaphasewas
compared with theunhydrolyzed auminaphaseto ca-

culate the percentage values of stability for each alu-
TABLE 1: Thesurfacecoveragevaluesof alumina phases-
physically adsor bed-dithizone(I-111)

. pH- Thermal Pecentage Metal
AluminaPhase value desorptlt_)ln coverage probe_1

mmol g mmol g

Blank acidicdumina 4.4 - e e
Blank neutal dumina 6.7 e e e
Blank basic alumina 89 -
Modified dumina (1) 3.8 0.175 4.48% 0.440
Modified dumina(ll) 4.1 0.142 3.64% 0.460
Modified dumina(lll) 6.8 0.162 4.15% 0.460
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Aluminaphase Aluminaphase Aluminaphase(lll)

pH ()% stability  (I1) % stability % stability
(umol g*) (umol g*) (umol g*)
10 300(682%)  340(73.9%) 280(65.2 %)
20 320(727%) 340 (73.9%) 360 (78.3 %)
30 320(727%) 300 (65.2%) 380(82.6 %)
40 300(682%)  300(65.2 %) 300 (65.2 %)
50 300(68.2%) 300 (65.2%) 300(65.2 %)
6.0 300(68.2%) 300 (65.2%) 300 (65.2 %)
70  340(773%) 320 (69.6%) 300(65.2 %)

TABLE 3: Metal capacity (umol g*) of aluminaphase(l) in

buffer solutions(pH 5.0-7.0)*

. Phase (1)

Metal ion PH50  pH 60 pH 7.0
Mg(ll) 00 00 00
ca(ll) 10 00 00
cr(ill) 60 250 350
Mn(ll) 00 00 00
Fe(ll1)* 20 40 40
co(ll) 00 00 00
Ni(ll) 00 20 20
cu(ll) 50 140 440
Zn(ll) 20 30 40
cd(ln) 00 00 00
Hg(l1) 00 20 40
Pb(1) 20 40 130

*Metal capacity values of Fe(lll) in pH 2, 3 and 4.

TABLE 4: Metal capacity (umol g*) of aluminaphase(l1)in

buffer solutions(pH 5-7)*

. Phase (11)

Metal ion pH 5.0 pH 6.0 pH 7.
Mgl 00 00 00
ca(ll) 00 00 00
cr(iin 120 230 460
Mn(i1) 00 00 00
Fe(lll)* 40 50 40
co(ll) 00 00 00
Ni(ll) 00 20 30
cu(ll) 50 160 460
zn(ll) 20 30 40
cd(ln) 00 00 00
Hg(ll) 00 20 60
Pb(1) 10 80 130

*Metal capacity values of Fe(lll) in pH 2, 3 and 4.

minaphase in the tested buffer solutions. TABLE 2
compilestheresults obtained for stability of modified
aluminaphases-physically adsorbed-dithizone (1-111)
towards hydrolysisand leaching process. It isevident
fromthedatagivenin TABLE 2 that acidic alumina
phase-physicaly adsorbed-dithizone (1) ishighly stable
inneutra buffer solutionwith pH 7 giving apercentage
gability valueof 77.3%, whileinmogt of theother tested
buffer solutionsthe percentage stability valueswerein
therange of 68.2-72.7 %. On the other hand, neutral
alumina phase-physically adsorbed-dithizone (11) was
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foundto giveamost thesame percentage stability value
of 65.2 % in the buffer solutions of pH 3.0-6.0. The
highest percentage stability value (73.9 %) of phase
(I1) wasidentified inlower acidic buffer solutionswith
pH 1-2. Basic alumina phase-physically adsorbed-
dithizone (111) wasfound to givethehighest percentage
stability value (82.6 %) in buffer solutionwith pH 3.0
and the other percentagevalueswereidentifiedinthe
range 65.2-78.3 %.

3. Metal Capacity valuesof aluminaphases-physi-
cally adsor bed-dithizone(l-111)

Effect of the pH-value on the metal capacity of
modified aluminaphases(l-111)

TABLES 3-5compilethedetermined metd capacity
vauesfor binding of each metd ion, expressed in umol
gtinbuffer solutionswith pH 5-7. It isevident fromthe
datagivenin TABLE 3for thenewly modified dumina
phase (1) that Cr(I11) and Cu(ll) are the highest ex-
tracted metal ionsin buffer solutionspH 5.0-7.0. The
maximum meta capacity valueof Cr(l11) wasfoundto
be 350 umol g* asthe highest extracted and bound to
modified aluminaphasein buffer solution of pH 7.0.
For Cu(ll), the maximum metal capacity value deter-
mined for phase (1) was found to correspond to
440umol/g? in buffer solution of pH 7.0. Fe(l1l) was
only examinedin buffer solutionswith pH 1.0-4.0to
avoid any precipitation of Fe(OH), at buffer solutions
with pH 5-7.

TABLE 4 compilesthe metal capacity valuesde-
termined by the newly modified neutra auminaphase
(1. Phase (1) wasfound to exhibit similar behavior

TABLE5: Metal capacity (umol g*) of aluminaphase(l11)in
buffer solutions(pH 5-7)*

. Phase (111)

Metal ion oH50 pH60  pH 7.0
Mg(ll) 00 00 00
call) 00 00 00
cr(in) 170 250 460
Mn(l) 00 00 00
Fe(l11)* 40 40 40
Co(ll) 00 10 10
Ni(I1) 00 20 30
cu(ll 50 140 460
Zn(i1) 20 30 40
cd(in 00 00 00
Ho(I1) 00 20 80
Po(l1) 20 80 140

*Metal capacity values of Fe(lll) in pH 2, 3 and 4.
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and trend with phase (1). Cu(ll) and Cr(I11) werefound

to givethehighest metal capacity vauesin buffer solu-

tions pH 7.0 with ametal capacity of 460umol g*.

Cr(111) isthe highest extracted and bound metal ionto

modified duminaphase (I1) in buffer solution, pH 6.0

based onthe determined metd capacity va ue (460umol

gh). Thedetermined metal capacity valuesof Pb(Il) by
the newly modified neutra aluminaphase-physically
adsorbed-dithizone (1) werefound 10, 80, 130umol
gltinbuffer solutions, pH 5.0, 6.0 and 7.0, respectively.

Thesevduesdongwith other meta capacity values, as

the caseof Cr(l11) and Cu(ll) giveevidencesand refer

to the contribution and effect of pH value of contact
solution of metal and auminaphaseon thedetermined
vauesof metal capacity.

TABLE 5 compilesthe metal capacity valuesin
pumol g for the same seriesof metal ionsin various
buffer solution (pH 5.0-7.0) except theva ues of Fe(111)
were determined in buffer solutions2.0, 3.0and 4.0. It
is easy to figure out that newly modified alumina
phase(l11) issimilarly behaving astheprevioudy dis-
cussed modified duminaphases(l) and (I1) toward bind-
ing and extraction of the tested metal ionsespecially,
Cr(111), Fe(111) Cu(l1), Zn(11) and Pb(11).

Thefollowing outlinesmay belisted asthe conclu-
sionsfrom the study of the buffer effect on the deter-
mined metal capacity vauesby phases(I-111) and sum-
marized asfollows:

(1) The highest extracted metal ions by the newly

modified aluminaphasesare Cr(l11), Cu(ll) and

Po(ll).

Somemetd ionsasMg(ll), Ca(ll), Mn(11) Co(ll),

Ni(1l) and Cd(I1) were not or less extracted by

thenewly modified duminaphases(I-111) and were

also not affected by the change of pH val ues of
the contact solution.

(111) The physical adsorption of dithizone on the sur-
faceof @ther acidic, neutrd or bascauminaphase
type has contributedlittle to theincrease of selec-
tivity of these phaseg(1-111) to the mentioned meta
ionsin(ii).

(IV) Theeffect of pH vauesof the contact solution on
the determined metal capacity valuesisclear for
highly extracted metal ions, Cr(l11), Cu(ll) and
Po(ll).

(11
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3. Effect of shaking time on the metal capacity
valuesdeter mined by the batch equilibrium tech-
nique

Theeffect of shaking timeisthe second most im-
portant factor whenthe batch or stati ctechniqueisused
inthe processes of determination of themetal capacity
vauesby thenewly modified duminaphases-physicaly
adsorbed-dithizone (I-111).

Threemetal ions, Cu(lll), Cr(lI1) and Pb(ll), were
selected to performthe effect of shakingtimevaues(1,
5,10,15,20,25 and 30 minutes) on themetal capacity
vauesof thesemetd ionsand thisstudy isrepresented
by figures 1-3. It clear from figure 3 that Pb(ll) was
smilarly behavingtoward extraction by thethreenewly
modified aluminaphases(l-111). Very close percentage
extraction val ues can be observed under theidentical
shaking timeby the newly modified a uminaphases(I-
[11). In other words, Pb(I1) was found to show per-
centageextractionvaluesof ~75% whenonly 5-min-
utes shaking timewas used. Thistimeshowsal so that
fast equilibration of Pb(ll) with either aluminaphase
(D, (1) or (111) can be attai ned.

Thesametrends, observations, argumentsand con-

] ; Z? —o— Phase(l)

300 1 —&— Phase (1) |
—#— Phase (1}

500

N
(@]
o

200

100

The metal capacity (umol g-1)

o

1 I 5I10I15I20I25I30

Time in minutes
Figurel: Effect of shakingtimeon themetal capacity of
Cu(l1) by modified aluminaphases(l-111)
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400 -——.2.7&7._.

300 1o . et

200 —e— Phase (1)
—a&— Phase (I1)

100

—— Phase (III)

1 5 10 15 20 25 30
Time in minutes

Figure?2: Effect of shakingtimeon themetal capacity of
Cr (111 by modified aluminaphases(l-111)

The metal capacity (umol g-1)
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clusonscan beoutlined for theextraction of Cu(ll) and
C(111) by the newly modified auminaphases(I-111) as
showninfigures1and 2, respectively.

4. Distribution coefficient values of metal ionsby
aluminaphases-physically adsor bed-dithizone (I -
1)

Thedigtribution coefficient va uesfor themodified
auminaphase-physcdly adsorbed-dithizone(I-111) are
givenin TABLEG. Itisevident that surface modifica-
tion of alumina phases with dithizone as an organic
chelaing modifier hasled to changethe chemicd prop-
ertiesof acidic duminasurfacetoward binding and ex-
traction with certain metd iong?. Itisasoclear from
thedatagivenin TABLE 6 that Fe(l11), Po(11) and Cr(111)
arehighly extracted by modified acidic duminaphase
(1) based on their K values 3388, 1410, and 1083,
respectively. Theother tested metd ionswerefound to
exhibit low distribution valuesby the modified acidic
alumina(l) and theseinclude Mg(I1), Ca(ll), Cd(ll),
Zn(11), Ni(11), Co(I1), Mn(I1) and Cu(ll). Thisconclu-
sion can be confirmed by eva uation of the separation
factorsfor thesetested meta ions. Thusthe order for

fu 160

E 140

E 120

< 100 —p—k

= 380 o —e—Phase () |-
o ./v

§ 60 —a—Phase (Il) |
S 40 —#— Phase (Ill) |-
[

g 20

E OI T T T T T T T

2 1 5 10 15 20 25 30

Timein minutes
Figure3: Effect of shakingtimeon themetal capacity of
Pb(I1) by modified aluminaphases(l-111)

TABLE 6: Digtribution coefficient valuesfor thevariousmetal
ionsby modified aluminaphase(l-111).

Metal ion Phase (1) Phase (I1) Phase (111)
Mg(ll) 116 141 198
Ca(ll) 255 456 966
Cr(I11) 1083 2740 58200
Mn(Il) 76 964 1872
Fe(lll) 3388 2536 5374
Co(ll) 156 1600 1834
Ni(ll) 105 1905 3865
Cu(ll) 161 2172 30540
Zn(ll) 462 771 3856
Cd(In 375 1674 6010
Pb(I1) 1410 88920 179800
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increasing thedi stribution coefficient va uesfor thetested
metal ionsby aduminaphase (I) can bearranged inthe
followingorder:

K Mn(IN<Ni(l)<Mg(Il)<Co(ll)<Cu(l)<Ca(ll)<Cd(ll)<zn
(IN<Cr(11N<Pb(I1) <Fe(l1l)

Thedistribution coefficient va uesfor themodified
neutral duminaphase-phys caly adsorbed-dithizone(Il)
arelistedin TABLE 6. It isevident that Pb(l1) isthe
highest extracted meta ion by modified duminaphase
(1) based ontheK , values88020. Thus, the order for
increasing thedi stribution coefficient va uesfor thetested
metal ions by aluminaphase (I1) can be arranged as
follows
K, Mg(lh)<Ca(ll)<zn(l1)<Mn(I1)<Co(I1)<Cd(ll)
<Ni(IN<Cu(IN<Fe(lN)<Cr(111H)<Pb(1l)

Thedistribution coefficient valuesfor the modi-
fied bas caduminaphase-physcaly adsorbed-dithizone
(111) aredsolisted in Table 6. In the manner, Pb(I1) is
the highest extracted meta ion by modified basic alu-
minaphase (I11) based ontheK , value=179800. The
other tested metal ionswerefound to exhibit low dis-
tribution va uesby themodified basicdumina(lll) and
theseinclude, Mg(ll), Ca(ll), Mn(I1), Zn(I1), Ni(11),
Cu(I1), Co(ll) and Cd(Il). Thustheorder for increas-
ingthedistribution coefficient va uesfor thetested meta
ionsby aluminaphase (111) can be outlined in thefol-
lowingorder:

K, Mg (I<Ca(ll)<Co(I)<Mn(I1)<Zn(l1)<Ni(ll)<Fe
(HN<Cd(1)<Cu(In<Cr(l1)<Pb(I1)

5. Separation factors of selected metal ions by
modified aluminaphases(I-111)

The separation factor a A/B for Pb(I1), Fe(l11) and
Cr(I11) versus other tested metal ions by the newly
modified acidic duminaphase (1) are shown and rep-
resented infigure4. Itisclear fromthe datashown that
Po(ll) can besdectively extracted fromall metal ions
except Fe(111) and Cr(111) owing tolow separation fac-
torsof Pb(I1) versusthesetwo metal ionsasshownin
figure4.

Figure 5 representsthe separation factor of Po(l1)
versus other tested meta ionsby modified neutral du-
mina-phys cally adsorbed-dithizone phase(ll). Itisevi-
dent from figure 5 that Pb(I1) can be selectively ex-
tracted fromall other metal ionswithout any possible
interferencefrom any metal ion owingtothehigh sepa
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TABLE 7: Selectivesolid phase extr action and removal of
Pb(11) fromwastewater samples

Percent
extraction*

Alumina Sample Metal pgml™ pgmi™

volume ion

phase

spiked detected

500-mg (1)
500-mg (1)
500-mg (111)

L Pb(ll) 1.8055 0.0217
L Pb(ll) 21168 0.1164

10L

Pb(Il) 2.2359 0.0089

98.8+3.0 %
94.5+5.0 %
99.6+4.0 %

*Values are based on triplicate analysis
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ration factorsof Pb(I1) versusother metal ions.

The separation factor a, , for Po(l1), Cr(l11) and
Cu(ll) versusother tested meta ionsby modified basic
aluminaphase(l11) areshownand represented in Fig-
ure 6. Itisclear from the data shown that Pb(l1) and
Cr(111) can be selectivey extracted from other interfer-
ingmeta ionsasMg(ll), C(Il), Co(ll), Mn(Il), Zn(11),
Ni(I1), Fe(l11) and Cd(11).

6. Selective solid phase extraction, removal and
preconcentration of Pb(I1) from water samplesby
aluminaphases(l-111)

Alumina phases-physically adsorbed-dithizone
wereidentified and characterized by incorporated high
selectivity characters towards heavy meta ions as
Po(I1). Thehightoxicity of lead to human being caused
by lead poisoningiswell known and reported. Lead
toxicity inactivate enzymesrel ated to haem synthesis
giving riseto accumul ation of haem precursorsand ane-
miaaswed| asrend tubular dysfunction manifestingwith
impaired tubul ar reabsorption of glucose, anino-acids
and phosphate®Y. Therefore, strong needs for
preconcentration of Pb(I1) from different matricesand
samplesarealwaysamed and directed by the utiliza-
tion of modified solid sorbents®?. Thisstudy partis
devoted to evaluatethe potentia applicationsof newly
synthesi zed d uminaphasesfor selectiveextraction, re-
moval and preconcentration of pb(I1) fromreal water
samples. TABLE 7 summarizestheresultsof selective
metd extraction and removad of Po(ll) fromwastewa
ter collected from Damnhour drug factory by modified
auminaphases(I-111)) viamicro-column gpplication. It
isevident from the percentage extraction valuesgiven
inTABLE 7 that excellent extraction of Pb(I1) by the
newly modified aluminaphase (1) was achieved with
percentage recovery values of 98.8+3.0% based on
triplicate analysis. Phase (1) was also found to give
aso anexcellent percentagerecovery valuefor these-
lective extraction and removal of Pb(ll) (94.5+5.0%)
fromthewastewater sample. Application of dumina
phase-physically adsorbed-dithizone (I11) was also
proved to giveexcd lent resultsfor theremova of Po(1l)
fromwaste water sampl e providing percentagerecov-
ery valuesof 99.6+4.0 % for the tested metal ion.

TABLE 8 summarizestheresultsof sdectivesolid
preconcentration of lead ion by aluminaphases-physi-
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TABLE 8: Sdectivesolid phasepreconcentration of Pb(I1) from drinking tap water by aluminaphases(l-111).

Alumina  Sample  Preconcentration Metal Preconcentration  ngml™ ugmi~ Per cent

phase volume reagent ion factor spiked  detected r ecover y*
100 -mg (1) L 5 ml conc. HNOs Pb(I1) 200 4.800 0.893 93.0+6 %
100-mg(ll) 1.0L 5 ml conc. HNOs Pb(I1) 200 4.800 0.922 96.0+5%
100-mg (1)  1.0L 5ml conc. HNO;  Pi(ll) 200 4.800 0.912 95.0+8%
100-mg (1)  10L 5ml conc. HNO;  Ph(ll) 200 0.960 0.183 95.0+4 %
100-mg (1) 1.0L 5ml conc. HNO;  Ph(l1) 200 0.960 0.186 97.0£6 %
100-mg (111)  1.0L 5ml conc. HNO;  Pi(ll) 200 0.960 0.188 98.0+3 %

*Values are based on triplicate analysis

cally adsorbed-dithizone(l-111) viamicro-column ap-
plication. From the data given in TABLE 8 one can
conclude that excellent percentage recovery values
(93.0-98.0+3.0-6.0%) were established for preconcen
tration of 1.0 and ~5.0ng/mi-* of Pb(I1) by modified
neutral duminaphase(l-111). Theresultsof these stud-
iesproved the capability and suitability of newly modi-
fied auminaphases-physi cally adsorbed-dithizonefor
selective extraction, removal and preconcentration of
Pb(I1) from read water samples.
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