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Abstract

This paper concerns enhancing a lead detection sensor using a combination of polypyrrole (PPy), Nafion (N), and ionic
liquid (IL) with thick-film or screen-printing technology on sensitive material-based carbon electrodes. Electrode
characterization using a scanning electron microscope (SEM) was conducted to see the morphology of sensitive materials,
showing that the spherical particles were distributed evenly on the electrode surface. Analysis using energy dispersive
spectroscopy (EDS) shows that the element's atomic composition is 84.92 %, 8.81 %, 6.26 %, and 0.01 % for carbon, nitrogen,
oxygen, and bismuth, respectively. Potentiostat measurement with the ambient temperature of 25 °C on a standard lead
solution with concentration ranging from 0.05 to 0.5 mg/l yields an average output voltage ranging from 2.16 to 2.27 V. It can
be concluded that the sensor is able to detect lead with a sensitivity of 0.21 V in each addition of solution concentration (mg/1)
and give an 84 % concentration contribution to the voltage.

Copyright ©2022 National Research and Innovation Agency. This is an open access article under the CC BY-NC-SA license
(https://creativecommons.org/licenses/by-nc-sa/4.0/).
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I. Introduction pulse anodic stripping voltammetry (DPASV)
) [71[8][9], and square wave anodic stripping
Lead substances can be found in many places, voltammetry [10][11][12], continue to be effectively
including food and agricultural products such as developed.
fruits and vegetables. The lead substance in the body Due to their affordability, ease of use, great
could inhibit the photosynthesis rate, change the stability, high sensitivity, and low detection limits,
shape of cells, reduce the size of cells, hinder the electrochemical techniques, particularly
growth rate of childrep, cause mu;cle pain, 'damage electropolymerization, have gained widespread
the nerves of the brain, weaken liver function, and acceptance as electrode coatings for heavy metal
damage the kidneys until death [1][2][3]. Therefore, detection sensors [13][14][15]. The advantages of
it is critical and a source of worry for researchers to mercury film-based electrodes (MFE) [16][17], such
identify lead content in environmental, dietary, and as their surface cleanliness, repeatability, high
bioassays. Lead content assays, such as atomic sensitivity, and high hydrogen potential, have led to
absorption spectrophotometry [4][5][6], differential their application in electrode coating processes

[18][19]. The issue is that mercury is a harmful

substance. The use of bismuth films (BiF), a different

* Corresponding Author. +62-81959750225 technique established in this field, has electrode
£-mail address. zanu@polman-babel.ac.id coating properties that are nearly identical to those
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of mercury electrode coating. Electro polymerization
was used to create BiF at electrodes such as glass
carbon electrode (GCE) [20][21][22], carbon paste
electrode (CPE) [23][24][25], boron-doped diamond
electrode (BDDE) [26][27][28], and carbon electrodes
with screen printing [29][30]. In this study, the thick
film-based SPCE method for producing electrodes
was selected after taking process time and
production costs into account.

Polypyrrole (PPy) is a conductive polymer with
electrical properties that are widely used as sensor
materials. PPy can be synthesized to have electrical
conductivity up to 1000 S/cm, which is close to
metal conductivity [31][32][33]. In addition, PPy can
be deposited on a carbon electrode by an electro
polymerization method so that the pyrrole
precipitates form a sensitive membrane of the
sensor. An electrochemical solution and electrode
modifier with a high ionic conductivity, ionic liquid
(IL) is frequently employed in the production of
sensors [34][35][36]. To increase the sensitivity of
heavy metal detection, Nafion (N), a material with
great anti-pollution capacity, chemical inertia, and
high permeability to pertinent cations [37][38], is
used.

This study used an electro polymerization
approach to modify the SPCE electrode by covering it
with PPy on a working electrode. Synergistic effects
can be produced in electrochemical applications by
combining IL and N composites. A further benefit of
adding BiF to the working electrode is that it
becomes stronger and more effective in detecting
heavy metals. Lastly, utilizing a scanning electron
microscope for morphological inspection and
potentiostat  analysis, this  straightforward,
inexpensive, and sensitive sensor is used to estimate
the Pb (II) level scanning electron microscope (SEM).

II. Materials and Methods
A. Tools and materials

The accu-coat 3230 screen printer uses the
carbon (C) paste and silver chloride electrode
(Ag|AgCl) printing technique. Following printing, the
materials are dried in an oven for 10 minutes at
150 °C before continuing with the sintering
procedure on a conveyor furnace machine radiant
technology corp (RTC) TF 315 for 30 minutes at
800 °C. Using a potentiostat of the Soliton EM 10/20-
APPA 505 type and a digital multimeter linked to a
computer via USB cable for the purpose of
presenting the measurement's results, the sensor
response to Pb (II) concentration is measured.

As the working electrode (positive electrode) and
reference electrode (negative electrode),
respectively, materials were Ag|AgCl material of the
Dupont 5874 type and carbon paste of the Dupont
BQ242 type. Aldrich 109-97-7 materials that had

been refined with aluminum oxide were employed
in Conductive PPy. Ammonium hydrogen phosphate
serves as an anion in this process. 3-
Dimethylimidazolium tetrafluoroborate, Nafion D-
521, and N-dimethylformamide were combined to
create 1-butyl-2, which was employed by ionic
liquid (IL) (DMF). In the liquid tester, Pb (II) standard
solution in a 1000 mg/1 concentration is used.

B. Fabrication of electrodes

Electrodes for lead detection sensor are produced
using thick film technology based on the screen-
printing technique. This method was applied to
create a microelectronics circuit with the benefit of
rescaling the sensor's size using tiny conductor lines.
In this study, a layer thickness of 100 micrometers is
used. While Ag|AgCl paste is used to create working
electrodes and counters, printing carbon paste is
utilized to create reference electrodes. The
production of screen films, printing of paste
ingredients, drying, combustion, assembly, and
packing are the steps of the electrode fabrication
process used in this study. The process flow for
fabricating electrodes is shown in Figure 1.

C. Electro polymerization of pyrrole

The amount of 1 M pyrrole (C4HsN) was purified
using aluminum oxide powder and a 0.1 M
concentration of (NH4),HPO, was prepared. All these
substances were dissolved into 17 @ distilled water
and supplied with nitrogen, blown through a tube,
for 5 minutes. The electrochemical process was
carried out for the polymerization process on carbon
electrodes using ammonium hydrogen phosphate.
The electropolymerization process was conducted
for 10 minutes, powered by a voltage of 1 Volt and at
a constant current of 450 - 650 pA. Nitrogen was also
simultaneously supplied, which is blown through a
tube during the electro polymerization process.

D. Nafion and ionic liquid coating

After electro polymerization, the working
electrode was coated with a solution consisting of
0.1 % Nafion and 0.5 % ionic liquid dissolved in 1
mL of DMF. Afterwards, the electrode was dried
naturally at room temperature. A reference voltage
measurement was performed with the electrode
submerged in a 3 M solution of potassium chloride
(KCl) to check the electrode’s voltage stability.

E. Bismuth film electro polymerization

Electro polymerization is used to create the
bismuth film coating on the working electrode. A 0.1
M acetate buffer solution with a pH of 4.5 and
200 x 10° g M Bi (Ill) make up the electro
polymerization solution. This solution is combined,
agitated, and exposed to a -1.4 V voltage for 2
minutes. The sensor electrode is subjected to an

Drying

Screen Film Printing of Paste
Making Material

2 Firing 2 Assembling 2 Packaging

Figure 1. Electrode fabrication process
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amperometry measurement in order to assess and
characterize the sensor in accordance with several
Pb standard solutions. Figure 2 depicts the sensitive
membrane doping procedure.

With a 20 k secondary electron enlargement and
a 10 kV scan electron microscope (SEM SU3500),
morphological properties were examined. Prior to
and following the application of the conductive
material coating, SPCE was subjected to tests. A
potentiostat was used to regulate the electrodes and
electroanalytically measure the experiment while
testing the sensor electrode's performance. A 700
mV source voltage and a 1 ko resistance were
employed.

[1I. Results and Discussions
A. SEM-based electrode characterization

Prior to being coated with conductive material,
the morphological properties of SPCE are shown in
Figure 3(a), with the carbon layer predominating the
SPCE's surface. In Figure 3(b), after electrodeposition,
the morphology indicates that the particles are
dispersed evenly throughout all of the working
electrode's surfaces.

In addition, the testing aims to see the electrode
layer's composition includes bismuth, nitrogen,
carbon, and oxygen. After testing was carried out
using energy dispersive spectroscopy (EDS) to give

SPCE
WE RE

CE

>

Electrodeposition
Bismyth-film

SU3500 10.0kV x20.0k SE

the model and make of the spectroscopy, it was
discovered that C, nitrogen, oxygen, and bismuth,
respectively, have atomic compositions of 84.92 %,
8.81 %, 6.26 %, and 0.01 %. Further information
regarding the composition of each element after EDS
testing can be seen in Table 1, which shows that
carbon elements are more dominant than other
elements. This composition gives a good relationship
to the specifications of the electrode.

B. Electrochemical characterization of electrodes
1) Stability of reference electrodes

To maintain the voltage stability created by
working electrodes and counter electrodes,
reference electrode Ag|AgCl is utilized. Figure 4
displays the results of the reference voltage test. A 3
M concentration of KCl electrolyte solution is used
for testing. The dispersion of the KCl solution, which
is not equally distributed on the electrode surface,
causes a drop in voltage in quadrant L. In contrast,
the output responses are more consistent in
quadrant II. This result demonstrates that the
electrode’s output voltage has good stability, ranging
from 2.02 to 2.5 mV, demonstrating that the
electrode is capable of detecting Pb (II) material.

2) Observation of bismuth electro polymerization
currents

Electrodeposition
Pyrrole

N/ IL Composite
Solution

Figure 3. SEM micrograph of electrode carbon: (a) Before electrodeposition; (b) After electrodeposition and added with PPy
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Table 1.
Result of energy dispersive spectroscopy (EDS) testing
Element Weight (%) Atomic (%) Error (%) Net int. K ratio z A F
Carbon 81.90 84.92 3.09 2685.16 0.6988 1.0071 0.8473 1
Nitrogen 9.91 8.81 21.95 38.76 0.0062 0.98 0.0643 1
Oxygen 8.05 6.26 17.31 76.07 0.0070 0.9567 0.0912 1
Bismuth 0.14 0.01 27.17 6.47 0.0014 0.5299 1.8243 0.9969
2.60
2.55
2.50
2.45
2.40
S 235
% 230
§ 2.25
2.20
2.15
2.10
2.05
2.00

IO > Qb‘ ’\ QQ

SRS SIS
FFELFLS S S 90 QQ Q° QQ

0 O 0 O O 9 9 W ORI
ARSI /\Q)Q oD o 0)0 ,,)Q A

VA N IR LI CIR L N

Time electro disposition (s)

Figure 4. Output response of Ag|AgCl electrode

The Bismuth films are deposited by
electrodeposition, which is used to boost the sensor
electrode's conductivity. The voltage used in the
electrodeposition process is -1.4 V so that bismuth
precipitation occurs on the surface of the working
electrode. Figure 5 shows the electrodeposition
current of the working electrode coated with
bismuth film at 0.08 to 0.064 mA during the 2-
minute process. The graph shows that the passing
current gradually decreased over the period,
meaning that the electrical resistance of the
electrolyte kept increasing during the period. The
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Current (mA)

0.0680

0.0660

0.0640

0.0620 -

0.0600

results of the redox reaction in the electrodeposition
process work well as the electrode surface can be
coated with bismuth film. The amount of bismuth
film deposits is directly proportional to the electric
current flowing in the electrolyte.

3) Lead electrochemical detection

The Pb substance test output voltage using a
typical Pb solution is shown in Figure 6. The 0.05, 0.1,
0.25, and 0.5 mg/l variations made up the produced
test concentration. Each sample test solution's
average output voltages are 2.16, 2.21, 2.23, and

y =-0.0006x + 0.0775
R?=0.9682

S RO DO DO N D PSP A

~7

DO D D DS D
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Figure 5. Bismuth electrodeposition time
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Figure 6. The responses of Pb sensor

2.27 V for 0.05, 0.1, 0.25, and 0.5 mg/l, respectively.
The highest voltage difference occurs between 0.05
mg/l test solution and 0.1 mg/I test solution with a
difference of 0.06 V. The linearity of these output
voltages is 84.1 %, demonstrating that the sensor is
able to accurately detect Pb (II) concentration.

[V. Conclusion

According to this research, bismuth films were
used to successfully deposit polypyrrole on carbon
electrodes and dope it with ionic liquid and Nafion.
The morphology of the working electrode's surface
as revealed by SEM demonstrates that the particles
are dispersed uniformly on all surfaces, indicating
that the contributions of carbon and other composite
materials have improved the conductivity of Ppy, N,
IL, Bi, and SPCE. With a voltage range of 2.02 to 2.5
mV, the reference electrode's voltage stability has
produced positive results. After the bismuth film
was deposited using electrodeposition for 2 minutes,
the sensor electrode’s sensitivity was increased. The
electrode was subjected to galvanostatic potential,
and the results of the measurements revealed that
the electrode had an 84.1 % linear response.
Averaging between 2.16 and 2.27 V, the measured
detection limits range from 0.05 to 0.5 mg/l
concentrations. Based on performance, it is apparent
that the sensor can effectively detect Pb (II)
compounds and that it may be employed as a
working electrode for Pb (II) substance sensors.
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