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ABSTRACT

A rapid flotation method for separation- preconcentration of ultra trace
amounts of copper, nickel, cobalt and zinc ionsfrom water samplesisestab-
lished. Thismethod isbased on the treatment of sampleswith 2-thiobarbituric
acid (TBA) and addition of SDS as afoaming reagent at pH=6.0. The pro-
posed method is applied prior to the determination of these four analytes
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using Flame atomic absorption spectrophotometry (FAAS). Thelinear range
isbetween 0.05-0.15ug mL* for Cu?*, 0.01-0.1ug mL* for Ni#*, 0.03-0.12ug
mL 1 for Co?*and 0.01-0.15ug mL* for Zn?* and have detection limitsof 2.8,
2.9, 3.1, 2.0ngmi*for Cu, Ni, Co and Zn, respectively. The method hasbeen
successfully applied for determination of trace amounts of ionsin various

water samples.  © 2008 Trade SciencelInc. - INDIA
INTRODUCTION

Recently, demand for monitoring the heavy meta
ionsin environmenta water hasbeenincreased. The
direct determination of metasat traceleve insamples
has problemsdueto their low concentrationsand ma-
trix effects. Thus, provision of rdiableana ytical meth-
odsisprerequisitefor sound environmentd field stud-
ieson metal shydrochemistry for determination a pgl-
levelsand without matrix effects. Preconcentration and
separationtechniques, such asliquid-liquid extraction,
cloud point extraction, solid phaseextraction, etc. can
solvethese problems and | ead to ahigher confidence
level and easy determination of thetraced ementg*1.
Someof thesemethods suffer frominconveniencessuch
as, lengthy separation, time consuming, multi stage, and
consumption of organic harmful solvents. Theseprob-
lems can be overcome by replacement of filtration or
centrifugation by flotation. Themgor advantagesof the
flotation preconcentration method aretherapidity inad-

ditionto excellent recoveries of anaytes. Theequip-
ments necessary for flotation preconcentration are
sampleandinexpensive. Moreover, flotationissuggested
asamethod for elimination of interferences'?. Severa
methods have been devel oped for theflotation of heavy
metal iong*>19,

The purpose of the presented work is preconcen
tration by flotation of Co?*, Ni?*, Zn?" and Cu?* using
2-Thiobarbituric acid (TBA). Theinfluencesof some
anaytica parametersincluding pH and samplevolume
onthequantitativerecoveries of theanayteswerein-
vestigated.

2.EXPERIMENTAL

2.1. Instruments

The measurements of metal ionswere performed
witha680AA shimadzu spectrometer equipped witha
hollow cathodelamp and adeuterium background cor-
rector, at respectivewavel engths (resonanceline) using
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an air-acetyleneflame. Theinstrumenta parameters
were those recommended by the manufacturer. A
Metrohm 691 pH/lon meter with acombined glass-
caomel eectrodewas used for adjustment of test solu-
tion pH.

2.2. Reagents

Acidsand baseswere of the highest purity avail-
ablefrom Merck and were used asreceived. Doubly
distilled deionized water was used throughout. Nitrate
saltsof lead, cadmium, mercury, cobalt, iron, nickel,
copper, zinc, magnesium, calcium, strontium, barium,
silver, sodium and potassum (dl from Merck) were of
the highest purity availableand used without any further
purification. ThepH adjustment wasdoneby addition
of dilutenitricacid or sodium hydroxideto solution for
preparing thedesired pH buffer solution. Theligand 2-
Thiobarbituricacid (TBA) was purchased from Merck
Company and used asreceived.

2.3. Flotation-separ ation procedure

A separation funnel with sidel ong tubewas used
for Hotation-separation. Thesgparationfunnd sasample
solution containing 1.0 ug mL* of eachion, 0.5 mL
0.2% of NaCl solution. 0.75 mL of 0.5% (w/w) solu-
tionof SDSand 1.0 mL of 1.0mM of TBA wereadded,
the pH of medium was carefully adjusted to 6.0 with
nitric acid or sodium hydroxide solution and phosphate
buffer. Themixturewasdiluted to 10 mL and after stir-
ringfor 20 min. Anair stream (10 mL min't) was kept
flowingfor 2-4 mintoraisethefoam layer tothewater
surface. A foamy layer wasthus obtai ned and the aque-
ous solutionin the cell became clear. Then the clear
agueous sol ution was ousted of separation funnd and
thefoamlayer wasdissolvedin 2ml of 0.5M HNO, in
methanol and then the metal ions content wasreadily
evduated by FAAS.

24.Applicationtoreal samples

Andydsof water samplesfor determinaion of andyte
contentswereperformed asfallowing: 100mL of sample
was poured in abeaker and 8 ml concentrated HNO,
and 3ml of H,O, of (30%) for elimination and decom-
position of organic compound wereadded. Thesamples,
whilestirring was heated to onetenth volume. After ad-
justment of samplesdesired pH vauetheflotation was
performed according to above procedure.
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3.RESULTSAND DISCUSSION

3.1. Effect of pH

Flotation yield depends on the pH at which com-
plex formation occurs. The pH playsauniqueroleon
meta-chel ateformation and subsequent extraction. Ho-
tation of copper, nickel, zinc and cobalt ionswere car-
ried out in solutions of pH ranging from 3.0 to 8.0.
Figure 1 showstheeffect of pH ontheflotation of these
ionscomplexes. Dueto some possi blehydroxidefor-
mation of thecationsof interest, theinvestigation onthe
pH values higher than 6.0 werenot carried out. Inthe
pH of 6.0 TBA are de-protonated and its complexes
with themetal ionsof interest have higher stability. In
subsequent experiments adjustment of pH on 6.0was
recommended.

3.2. Effect of TBA

The TBA wasemployed asacomplexing agent for
copper, nickel, zinc and cobalt ionsflotation. The con-
centration of TBA wasevauated over therange0.125-
0.5mM. Theeffect TBA concentrationinflotation sen-
sitivity isshownin figure 2. For thisstudy, 10 ml of a
solution containing 0.5ug mi- copper, nickel, zincand
cobationsand 0.75mL of 0.5% (w/w) with various
amounts of TBA were subjected to theflotation pre-
concentration process. Asit can be seen the method
sengtivity will beimproved upto 0.25mM of TBA.A
concentration of 0.25mM for TBA waschosento ac-
count for other extractabl e speciesthat might poten-
tidly interferewith theassaying of metd ions Thisisan
advantageous point, asthe procedure could be gpplied
totheanaysisof theseionsinrea samples.
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Figure1: Effect of pH, Condition: 1ml 1ppm of metal ions,
0.75ml 0.5% SDS, 0.5 ml 0.5% NaCl, 1ml 10°M TBA
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Figure2; Effect of amount of TBA, Condition: 1ml 1ppm of
metal ions, 0.75ml 0.5% SDS, 0.5 ml 0.5% NaCl
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Figure3: Effect of amount of SDS, Condition: 1ml 1ppm of
metal ions, Iml 10°*M TBA, 0.5ml 0.5% NaCl

3.3. Sdlection of surfactant concentration

Theflotation efficiency wasevauated using SDS
concentrationsranging from 0.0625%to 0.15% (w/v).
Theresultsare demonstrated in figure 3.The highest
copper, zinc, nickel and cobalt ionssengitivity wasob-
tained with 0.09% (w/v) SDS. By decreasing the sur-
factant concentration to 0.0625% (w/v) the recovery
wasreduced. Thesensitivity decreased for ahigher SDS
concentration (>0.09% w/v). Thisresult might bere-
lated to the presence of the high amount of surfactant
that resultsin anincreasein thevolumeand viscosty of
thesurfactant-rich phase. At lower SDS concentrations
(< 0.09% w/v), the pre-concentration efficiency of the
complex wasvery low, probably dueto assembliesthat
wereinadequateto quantitatively entrap the hydropho-
bic complex and float the complex. Since, 0.09% (w/
v) of SDSshowed the highest copper, nickdl, and zinc
and cobalt ions sengitivity, asurfactant concentration of
0.09% (w/v) was sel ected as acompromi se between
the results obtai ned and the surfactant concentration.

3.4.1onicstrength

—> Fyll Poper

The proper coagulation of the systemisthecrite-
rionfor successful flotation, which dependsof theionic
strength (Ic). NaCl, wasinvestigated aselectrolytein
the concentration range from 0.1%(w/w) to saturate
and thehighest copper, nickel, zinc and cobdt ionssen-
sitivity was obtained at 0.5%(w/w) NaCl concentra-
tion. The sensitivity decreased considerably within-
creasng NaCl concentrations (> 0.5%). Thiseffect might
be explained by theadditiond surfacechargewhenthe
NaCl concentrationisvery high, thuschanging themo-
lecular structure of the surfactant and consequently the
micelleformation process. It isnecessary to emphasize
that different blank solutionswere also evaluated and
no significant signal was obtained. Inthisway, 0.5 %(
w/w) NaCl wasusedinal further experiments.

3.5. Flotation mechanism

Thereareinfact two maintypesof interactionsin-
volved intheprocess of flotation, namely physica and
electrogtaticinteractiong'®?¥, The predominanceof the
electrostatic mechanismismainly governed by such
important factors asthe size and charge of ionic spe-
ciesinvolved, the presence of el ectronegative atoms
cagpableof forming hydrogen bondsintheligand struc-
ture, and charged sites on the solid species and pre-
cipitates. Based on the existence and observation of
someexperimenta factorsinthepresent work, it seems
reasonable to assumethe predominance of an e ectro-
static mechanism for the proposed flotation system.
Thesefactorsinclude: the presence of C=0,C=Sand
—NH groupsin TBA structure, which possesshighten-
denciesfor forming H-bondswith the surfactant; the
inability of Triton SDSasaionicsurfactant for flotation
of themeta ionscomplexesinvolved.

3.6. Characteristicsof themethod

Calibration graphswere obtained by flotation of
10ml of asamplecontaining known amountsof andytes
ionsunder theexperimentd conditions. TABLE 1 gives
the characteristic performance of the proposed method
of standard sol utions subjected to theentire procedure.

3.7.Foreignions

Interferences caused by foreign ionswere studied
insolutionscontaining 0.5ug mLof Co*, Zr?*, Ni%'and
Cu?*ionsfrom agueous solution using 0.75 ml of 0.5%
(w/w)SDS, 0.5 mL of NaCl 0.5%(w/w) solution and

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



674

Metal ions removal by flotation technique

ACAIJ, 7(9) October 2008

Full Peaper ===

TABLE 1: Specification of presented method at optimum
conditionsfor each element

Parameters Cu Ni Co Zn
Linear range 0.05-0.15 0.01-0.10.03-0.12 0.01-0.15
(ngmL™)

N . -

Detect_llon Limit 28 29 31 >
(hg mL™)
*RSD % 3.2 31 4.0 14
*Recovery% 98.6 99.2 97.5 99.3
EF 33.6 34.4 36.9 35.1

*results from 10 same sample, EF=Enrichment Factor
TABLE 2: Effectsof thematrixionson therecoveriesof the
examined metal ions(N=3)

Tolerance limit

lon Added as . 1
ion, mg L

Na' NaCl 1000

K* KCl 1000

Li* LiCl 1000
Mn?* MnCl, 400

HCO;" NaHCO; 1000
Pb®*, Cr** Nitrate salt 10
Mg*, ca®* Nitrate salt 50

Ag', AI* H Nitrate salt 1000

TABLE 3: Recovery of trace elementsfrom spiked environ-
mental samplesafter application of presented flotation proce-
dure

Added, Found, RSD

lon ug L ug L % Recovery %
Spring water
Co 0 14.7 14 -
50 64.8 1.6 100.2
Ni 0 13.9 18
50 63.1 1.6 98.4
Cu 0 43.8 1.9 -
50 94.1 15 100.6
7n 0 15.3 11 -
50 66.1 0.9 101.6
Waste water
Co 0 46.7 18 -
50 98.7 13 104.6
Ni 0 49.8 109 -
50 101.4 104 103.2
Cu 0 58.9 13 -
50 110.1 1.0 102.4
7n 0 64.3 14 -
50 115.9 10 103.2
Tap water
Co 0 315 1.9 -
50 82.1 1.6 101.2
Ni 0 23.9 15 -
50 72.9 15 98.0
Cu 0 521 1.7 -
50 101.0 11 97.8
7n 0 23.8 1.2 -
50 72.9 1.0 98.2

1.0mL of 1.0 mM of TBA at pH 6.0. Thetolerance
limit wastaken asthe concentration of foreignion that
caused an error of not morethan 5% inthe determina
tion of theanalytes. Theresultsobtained frominterfer-
ing studiesare summarized in TABLE 2. Asobvious,
the selected investigated el ements, which areusually
present asmain el ementsor tracesin natural waters,
have no adverse effect on the separation and determi-
nation of analyteions under therecommended condi-
tions

3.8. Method application

The proposed flotation method was used for the
analyses of cobalt, zinc, nickel and copper in water
samples. Thewater samplesused included tap water,
wastewater and spring water fromtheghachsaran-iran.
To prevent the possible hydrolytic precipitation of some
mineral salts, sampleswereimmediately trestedwitha
few millilitersof concentrated HNO,. Theresultsob-
tained for theanalyses of different water samplesare
presented in TABLE 3. Therecovery of spiked samples
Is satisfactory, reasonable and was confirmed using
addition method, whichindicatesthe capability of the
systeminthedetermination of andytesin natural water
samples.

CONCLUSION

Themicelleextractionflotation of copper, nickel,
zincand cobdt ionswith TBA into thephaseof anionic
surfactant SDS hasbeeninvestigated. Complete met-
alsextraction were shown to be achieved with TBA
dueto the hydrophobic complex compound formation.
Thesengtivity, metrological characteristics, ecologica
safety, amplicity, and convenience of the suggested pro-
cedure are competitive with respect to the methods
based on the extraction with organic solvents. There-
sults presented have confirmed its applicability to the
separdation and pre-concentration of copper, nickel, zinc
and cobdtions. Thelow RSD of red sampleandysisis
anindication of methodsversatility for water samples.

REFERENCES

[1] M.Ghaedi, FAhmadi, H.Karimi, S.Gharaghani;
J.Korean Chem.Soc., 50, 23 (2006).

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 7(9) October 2008

F.Ahmadi et al.

675

[2] T.Safilov; Anal.Chim.Acta, 55, 893 (2000).

[3] K.Kiran, K.S.Kumar, K.Suvardhan, K .Janardhanam,
P.Chiranjeevi; JHazard.Mater, 129, 179 (2006).

[4] T.Nakamura, K.Okubo, J.Sato; Anal.Chim.Acta,
209, 287 (1988).

[5] A.Lazaru, T.Stafilov; Geol.Macedonica, 7, 73
(1993).

[6] R.S.Praveen, GR.K.Naidu, T.P.Rao; Anal.Chim.
Acta, 600, 205 (2007).

[71 A.M.Haji Shabani, A.A.Jafari, Z.Saadat, F.
Tamaddon; Can.J.Anal.Sci.Spect., 51, 302 (2006).

[8] FS.Rojas, C.B.Ojeda, J.M.C.Pavon; Ann.Chim.,
97, 265 (2007).

[9] S.Lahiri, S.Sarkar; Radiat.lsotopes, 65, 385 (2007).

[10] M.Yaman, M.Ince; Atom.Spectrosc, 27, 186
(2006).

[11] Q.M.Li, X.H.Zhao, K.Jiang, G.G.Liu; Chinese
Sci.Bull., 52, 65 (2007).

—— Fuyl] Paper

[12] D.Zendelovska, GPavlovska, K.Cundeva, T.Stdfilov;
Tdanta, 54, 139 (2001).

[13] N.M.Kuzmin, Y.A.Zolotov; Kontsentrirovanie
sledov elementov, Nauka, Moskva, (1988) (in Rus-
sian).

[14] M.Caballero, R.Cela, J.A.Perez-Bustamante;
Talanta, 37, 275 (1990).

[15] K.Cundeva, T.Safilov, GPavlovska; Microchem.J.,
65, 165 (2000).

[16] K.Cundeva, T.Stafilov, G.Pavlovska; Spectrochim.
Acta, 55B, 1081 (2000).

[17] V.Z.Paneva, K.Cundeva, T.Stafilov; Spectrochim.
Acta, 60B, 403 (2005).

[18] D.Zendelovska, G.Pavlovska, K.Cundeva, T.
Stafilov; Talanta, 54, 139 (2001).

[19] S.E.Ghazy; Sep.Sci.Technol, 30, 923 (1995).

[20] M.A .Kahil, S.E.Ghazy, A.A.EI-Asmy, Y.E.Sherif;
Anal.Sci., 12, 431 (1996).

— a%a['yttaa[’ CHEMISTRY
A ndian W



