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* Abstract
¢ Introduction: In this article, the aim is to design a copper
» monitoring sensor using carbon paste electrode technology and

: synthesized recognition combination. For this purpose, the
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: recognition element of copper is made by binding anthraquinone

: molecules on the surface of the nanomagnetic core particles.

« Afterwards, the synthesized recognition element is placed as an
« identifying agent in the structure of the carbon paste electrode.
: This sensor is applied to monitor copper ion in cooling tower of
. thermal power plant.

: Methods: In order to make the composition of copper ion detector,
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§Fe304@8i02 magnetic core-shell nanoparticles is synthesized
i using Stuber co-precipitation methods. In the next step, the

: synthesized core-shell are functionalized with anthraquinone
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: molecules and coordinate with divalent copper ion. The final
: synthesized product it is applied as a recognition element in the
: copper sensor structure.
: recognition element are evaluated using FTIR, XRD, FE-SEM,

The structural properties of the

: TEM, DLS, VSM, TGA, XPS, BET and ICP techniques.
: Moreover, the carbon paste electrode is evaluated by applying
: electrochemical technique such as CV, DPV and potentiometric
: methods.

: Findings: The proposed sensor has a detection limit of 107 M and
: the linearity range of 10° to 102 M. Finally, this sensor is applied
2 in such a complicated real sample of cooling tower sample of
: Montazer Ghaem power plant. The recovery efficiency of this
: sensor is around 98%. Moreover, the technical and economic
: justifications for the construction of this sensor is presented in this
: research.
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Extended Abstract

Introduction

Chemical control and monitoring of cooling
tower have become a very important and
necessary matter in the thermal power plant.
One of the most important issues in all thermal
power plants is to ensure the purity of the water
in the cooling tower. For this purpose, the
concentration of anions, cations, amines and
silica in the row water, cooling water cycle and
power plant waste water should be controlled
continuously and regularly.

The most important harmful effects of water
impurities in the power plant industry include
damage to thermal devices, equipment, steam
boilers, production of low-quality steam,
corrosion in boilers and other heating systems
and pipes.

The parameters affecting the water quality of
the cooling cycle are divided into two groups of
control parameters (pH, electrical conductivity,
dissolved oxygen, sodium, chloride and silica)
and diagnostic parameters (iron, copper and
oil). Control parameters include those
parameters which are considered to be the cause
of corrosion, and their identification helps to
control and prevent corrosion.

Diagnostic parameters are considered as
products of the harmful process of corrosion
which identify the amount of corrosion. The
corrosion control processes are performed by
determining the value of diagnostic
parameters. Identification and measurement of
ionic impurities in the cooling water cycle of
power plants is a fundamental key in
controlling the corrosion of power plant
equipment. The measurement of anions and
cations determines the main source of cooling
water pollution.

Among the mentioned diagnostic parameters,
the monitoring of copper ions in cooling tower
is very important. Copper ion is an essential
element in systems and processes control in raw
water and cooling tower. On the other hand, the
presence of copper ions in the cooling tower of
thermal power plant leads to the creation of
electrochemical cells and ultimately corrosion
damage to equipment. Therefore, the
monitoring of copper ions is one of the greatest
research topics in the electricity industry.
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Experimental

In the first step, a novel solution is proposed
here for the synthesis of magnetic nanosilica
functionalized with anthraguinone molecules as
a copper recognition element. In order to carry
out this synthesis, magnetite nanoparticles are
synthesized using the co-precipitation method.
Afterwards, the silica layer is formed on these
nanoparticles using tetraethoxysilane.
In the next step, magnetic nanosilica are
functionalized with triethoxysilylpropylamine
molecules and subsequently with 1,4-
dihydroxyanthragquinone molecules.

Finally, the synthetic nanoparticles are placed
in the presence of copper ions to synthesis a
recognition element. The properties and
characteristics of the identification agent of the
synthetic sensor are evaluated by using FTIR,
XRD, FE-SEM, TEM, DLS, VSM, TGA, XPS,
BET and ICP analysis techniques.

In the second step, the synthesized copper ion
recognition element is added to the structure of
the carbon paste electrode. The accuracy of the
designed  sensor is  determined by
electrochemical ~and  functional  tests.
Electrochemical tests including CV, DPV,
impedance and potentiometry methods are
performed in electrochemical environments
similar to power plant conditions. In this step,
copper ion calibration is performed in standard
and real samples. Finally, the proposed method
is evaluated. At the end, the technical-economic
justifications of the designed sensor are
presented in comparison with other commercial
Sensors.

Findings and Discussion

In this section, the ratio of CPE electrode
components including graphite, paraffin,
synthetic compound and MWCNTs are
optimized. Optimization is based on examining
the response in the CV and DPV responses
based on increasing the intensity of the copper
ion oxidation peak.

The optimal amount of graphite for the copper
detector electrode is around 0.24 g. Increasing
the amount of graphite up to 0.24 g leads to an
increase in the response. However, the response
decreases by increasing more than this certain
value. The initial increase is due to the ability
to transfer electrons. Moreover, large amounts
of graphite reduce the amount of the synthetic
compound of the detector on the surface of the
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electrode. As a result, the response decreases of
the with reducing the active sites.

In this research, the amount of 0.1 g of the
recognition element is chosen as the optimal
amount. Higher amounts of recognition
element of about 0.1 g increase the sensor
response. The reason for this phenomenon is
the presence of more selective sites and more
cavities to trap copper ions. Lower amounts of
the recognition element of the detector mean a
reduction of cavities on the surface of the
electrode and a reduction of the signal.

The conductivity of the electrode decreases
with increasing the amount of recognition
element more than 0.1 g. This fact is predictable
because the polymer is a non-conductive
material. As a result, high concentration of
recognition element in the composite reduces
the conductivity of the sensor and result in a
decrease in response.

A minimum amount of paraffine in the
composite is 0.08 g and this value provide a
suitable chemical and physical properties. It is
very difficult to prepare carbon paste in small
amounts of paraffin since low amount of binder
make the electrode very fragile. High
concentration of binder has a very negative
effect on the efficiency of the electrode and lead
to a decrease in response because the binder is
non-conductive and reduces the conductivity of
the electrode.

The electrode response increases by 0.5 units
by increasing the amount of MWCNT from 0-
0.02 g in the CPE composite. As previously
reported, MWCNT increase the performance of
the sensor due to increasing the conductivity of
the composite and optimizing the charge
transport properties. By increasing the amount
of MWCNT from 0.02 g to 0.06 g, the response
of the electrode decreases.

Since the response of the electrode is influenced
by two factors, the electrode mass conductivity
and the availability of active sites on the
electrode surface. Therefore, large amounts of
MWCNT reduce the selective sites on the
electrode surface. Therefore, as an optimal
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intermediate condition with 0.02 g of MWCNT
is selected.
coating.

Conclusion

In this research, a proposed synthetic
compound is used as a copper ion recognition
element in the CPE structure. The MWCNT is
used to improve the conductivity properties of
the electrode. The designed electrode has a
detection limit of 10" M and the linearity range
of 10°to 102 M. Finally, the designed electrode
of copper ion is applied in cooling tower of
thermal power plant samples. The obtained
results from the proposed method are in well
agreement with the reference method. The
results indicate that the measurement of copper
in complex samples such as cooling tower is
completely successful and may be implemented
on an operational scale. The prepared electrode
has high sensitivity, acceptable selectivity,
long-term stability and good efficiency.
Moreover, this method is easy, fast and cheap.
From the technical and economic point of view,
the cost of designing and manufacturing the
Fes0,@Si0.-DAQ-Cu (I1) synthetic sensor is
very low compared to the commercial sensor.
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M.p. 155 °C; *H NMR (250 MHz, CDCls): 6=
1.24 (t, J= 7.1 Hz, 3H), 4.15-4.26 (q, 2H), 4.71
(s, 2H), 7.16 (d, J= 9.3 Hz, 1H), 7.30 (d, J= 9.3
Hz, 1H), 7.65-7.70 (m, 2H), 8.13-8.16 (M, 2H),
12.91 (s, 1H); *C NMR (62.9 MHz, CDCls): 6=
14.1 (Cz4), 61.4 (Cz), 68.1 (C17), 126.0 (Cs),
126.3 (Cs), 127.3 (C12), 128.2 (Cs), 132.1 (Ce),
133.4 (C13), 134.6 (C1,C2), 134.7 (C4,Cs), 152.1
(C1), 158.7 (C), 168.7 (Cus), 181.2 (Cu),
188.6 (C;); FT-IR (KBr, Cm%): 583, 730, 786,
1023, 1054, 1105, 1165, 1205, 1356, 1427,
1592, 1636, 1666, 1734, 2995, 3439; Anal.
Calcd for CigHi140s: C, 66.26; H, 4.32%;
Found: C, 66.11; H, 4.43%.
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