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INTRODUCTION

Pollution of ground and surface watershby nitrates
isawide spread and serious problems. Heavy utiliza-
tion of artificid fertilizershas been know to cause pen-
etration of large quantities of nitratesinto ground and
surfacewaterg¥. Thenitrate hasto beremoved since
high concentrationsof nitrate have adetrimenal effect
on environment and also limit theusage of water inin-
dustry. Thiscontamination mainly dueto liver stock
faeces, industria waste, or chemicadl fertilizersrepre-
sentsarisk not only on aquatic ecosystems? but also
for the human hedlth*4. Themaximum alowable con-
centration of nitrateasNO, indrinking water accord-
ingto theworld Hedl th Organi zation recommendations
is50 mg/1®). Several processesincluding biologicall®
and physoco-chemical methodd”'%areknown for re-
moving NO, ionsform contaminated water. However,
thesetechniques present cons derabledrawbacks, such,
low reaction rate, continuous monitoring, largeamount
of by-products, costly H, consumption or catalyst
elaboration, whicharehardly acceptablefor largescde
applications. In contrast, the electrochemical reduc-
tion of NO, represents an attractive and promissing
solution due to its convenience, environmental
freindliness, andlow cost effectivensd®™. A number of
basi c e ectrochemical researchworksrelated to nitrate
ion reduction have been reported in the last two de-
cades’? %3, Several works have been madeto design
active, selective el ectrodes. Single crystal g4, water-
solubleporphyring*™ and other modified € ectrodes 67,
and conductive polymers*® havebeen extensively stud-
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ied. Even at a monometallic electrode nitrate
electroreductionisvery complex, and strongly depends
ontheexperimenta conditions. Thus, beforeany eabo-
ration of bimetallic Cu-Meta e ectrodes, it appearses-
sentid tocdlearly understand thedifferent processestaking
place at a pure copper electrode during the nitrate
electroreduction.

In the present work, the performance of electro
reduction of nitrate on copper modified natural phos-
phate el ectrode has been investigated.

EXPERIMENTAL

Apparatus

Electrochemical experimentswereperformed us-
ing aVoltalab Potentiostat (model PGSTAT 100, Eco
ChemieB. V. Utrecht. The Netherlands) driven by the
generd purposedectrochemica systemsdataprocess-
ing software (VoltalaMaster 4 software). A conven-
tiona three-electrode system consisting of the HAP-
modified carbon pasteworking, platinum counter ans
SCE reference electrodes was used. The pH-meter
(Radiometer Copenhagen, PHM 210, Tacussd, French)
wasused for adjusting pH values.

Fourier transformed infrared spectroscopy (FTIR)
analysis (PERKIN-ELMER FTIR) wasperformedin
order to determine phosphate stoechiometric deviations,
in particular the PO,* and/or OH- groups. The X-ray
diffraction anaysis (XRD: CuK o radiation, X PERT)
wascarried out to eva uatethe purity of thenaturd phos-
phate'¥,


mailto:chtainia@yahoo.fr

194 Electroreduction of nitrate on natural phosphate

ACAIJ, 8(2) June 2009

Full Peper —=
Reagents

Merk p.a. HCIO,, H,SO, and NaNO, were used.
Thewater wasdeionized and twicedistilled. Before
each experiment the solutionswere deaerated by nitro-
gen bubbling, and anitrogen stream was maintained
over the sol ution during the measurements.

Before each measurementstheworking electrode
wascycled between-1and 0.5V at 0.1 V/suntil the
typica cyclicvoltametry for aclean el ectrode was ob-
taned.

Natural phosphate

Natural phosphate (NP) used in this work was
obtained in the khouribgaregion (Morocco)™. Prior
to usethismaterial requiresinitia treatmentssuch as
crushing and washing. For usein eectrochemica studly,
the NPistresated by techniquesinvolving attrition, Sift-
ing, calcinations (900°C), washing, and reca cination.
These treatments|ead to afraction between 100 and
400 um that isrichin phosphate.

Preparation of thecopper modified NP electrode
(CuNP)

Themodified e ectrode (CuNP) were obtained by
electrodepositing of natura phosphateinto copper plate
(1cm?). Prior to use, the copper platewas polished by
smooth paper. Electrical contact wasestablished by a
wireof copper.

RESULTSAND DISCUSSION

Natural phosphate characteristics

The surface structure of natural phosphate was
observed using scanning € ectron microscopy(Figure 1).
The treated NP has following composition P,O,
(34,86%), Ca0O(53,50%), F(3,37%), SIO, (2,42%),
S0,(2,21%), CO,(1,13%), Na,0(0,92%), MgO
(0,68%), Al 0,(0,46%), Fe,0,(0,36%), K, 0O (0,04%)
and severa metas(Zn, Cu, Cd, V, U, Cr) intherange
of ppm.

Electr ochemical behavior of CuNP modified
electrode

Figure 2 showsthecyclic voltammogram (CV) of
the CuNP modified electrodein 0,1M HCIO, solution
at the potentiostat scan rate 50 mV/s. It isnotewortly
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Figurel: Scanning electron micrograph of natural phos-
phate
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Figure?2: Cyclic voltammogram of CUNP modified elec-

trodein 0.1IM HCIO, solution at 50mV/s
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Figure3: Polarization curvesfor copper (a) and CuNP
electrode(b) in 0.1M HCIO, solution

TABLE 1: The electrochemical parameters for studied
electrode

Sample E(i=0)/mV Rp/K ohm.cm,Jcorr/mA.cm™ Ba/mV Bc/mV
copper  -132.2 3.68 21242 274.6 -322.9
CuNP -49 7.04 6.53 280 -284.6

that in theentire potential range studied, therewasno
redox signal for copper.

Thepolarization curvesof copper and CUNP modi-
fied electrodesare presented in figure 3, the presence
of phosphateresulted in ashift of the corrosion poten-
tial (Ecorr). Thecorrosion parametersjcorr (corrosion
current density), Ecorr (corrosion potential), Ba (an-
odictafel slop), Be(cathodic tafel slop) obtained for
copper and CuNP modified electrode are given in
TABLE 1. Thedecrease of jcorr demonstrate the effi-
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Figure4: Linear sweep voltammogramson CuNPmodified
electrodein 0.1IM HCIO, (curvea) in presence of 0.6M
NaNO, (curveb) at 50 mV/s
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Figure5: Linear voltametric curvesat CuNP modified
electrodefor different scanrates(from 10to 100mV/s)in
0.IM HCIO, +0.6M NO,
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Figure6: Dependence of the peak currentson thesqure
root of thescan ratev'? extracted from linear voltammo
gramsat a CuNP modified electrodein 0.1IM HCIO, +0.6M
NaNO,

ciency of NPascorrosion inhibitor. Thechangeinthe
valueof cathodic (Bc) and anodic (Ba) tafel dops, be-
tween copper and CuNP modified el ectrode, suggested
that the presence of NP may change the mechanism of
cathodic and anodic reactions.

Electroreduction of nitrate

Figure 4(curve a) shows the linear sweep
voltammogram (LSV) at aCuNP modified € ectrodein
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Figure7: Linear voltammogramscurvesat a CuNP modi-

fied electrodefor different concentrationsof nitratesin
0.1M HCIO, solutionat 50 mV/s
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Figure8: Dependenceof the peak currentson thenitrate
concentrationin 0.1M HCIO,, at 50 mV/s

0,IM HCIO,. No peak appears. The (LSV) of CUNP
modified electrodein presenceof 0,6M nitrate (NO,)
in0,1M HCIO, (curveb) shows several peaksinthe
range of potential beween 0 and -0,4V. These peaks
arerelated tothereduction of nitrateto nitriteand the
reduction of nitriteto hydroxylamine and ammoniad®
according thefollowing process:

NO, + H,0 +2e - NO, + 20H-

NO, +4H,0 +4e — NH,OH +50H-

NO, + 5H,0 +6e— NH, + 7OH"

Figure5 showsthe LV Ssof CuNPmodified el ec-
trodein 0,1M HCIQ, in presenceof 0,6M NaNO, as
afunction of scanrate. The cathodic peaksare shifted
to more negative potential s asthe scan rate inceases,
asexpectedfor irreversibleand quasi-reversible redox
processes?,

A plot of the peak current density j ) asafunction of
thesgquareroot of the scan ratev¥2isshowninfigure6.
The peak current exhibit alinear dependence onthe
potential scan rateintherangefrom 10to 100 mV/s
indicating that the CUNP modified e ectrodereactionis
controlled by nondiffusion process.

Figure 7 shows somelinear voltammetric curves
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Figure9: Squarewavevoltammogramsin 0.IM HCIO,, at
CuNP modified electrodein presenceof different concen-
trationsof nitrateat 50mV/s. (+)16M, (H) 11M, () 6.6M,
(=) 1.8M and () 0.6M

recorded at CUNP modified electrodein 0.1M HCIO,
solution in presenceof different nitrate concentrations
at 50 mV/s. Thereduction peaks are shifted to more
negative potentials as the nitrate concentrations in-
creases. Thereduction current peaksincreaseswiththe
nitrate concentrationsand presentsalinear dependence.
(Figure8)

Figure 9 shows someof typica squarewavevolta
mmetry curvesrecorded at CuNP electrodein 0.1M
HCIO, solutionin presenceof different nitrate concen-
trations. A cdibration graphwasthen constructed from
the observed peak currents. The square wave
voltammetric responsewaslinearly dependent on the
voncentration of nitrate. Thelinear regession anaysis
gave
] . -0.2776[NQ,] +0.1859 with acorrel ation coeffi-
cient of 0.8182.

CONCLUSION

Inthisstudy, thedectroreduction of nitratewasstud-
ied on aCuNP modified electrodein 0.1M HCIO, so-
lution.

Theéd ectroreduction of nitratewaseva uated using
thelinear cyclicvoltammetry measurements(LCV). The
LCV response showed severa reduction peaks asso-
ciated to the defferent stages of reduction of nitrate.
The proposed e ectrode (CuNP) can asoplay the part
of an electrochemical sensor for determination of ni-
trate contai ningin drinking water. Theresults obtained
here show that the proposed squrewave voltammetry
method isfast, sendtiveand better suited than conven-
tional methodes, like spectrophotometry or chroma-

tography, to characterizing fast variationsin concentra-
tion of diluenitrate agueous sol utions.
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