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Abstract

Corrosion resistance of an orthodontic wire made of Ni-Ti alloy immersed in artificial saliva in
the absence and presence of Copper Barrel brandy has been investigated by polarization study
and AC impedance spectra. It is observed that corrosion resistance of Ni-Ti alloy immersed in
artificial saliva in the presence of Copper Barrel brandy decreases. Hence it is concluded that
people clipped with orthodontic wire made of Ni-Ti alloy should avoid taking Copper Barrel
brandy orally. When Ni-Ti alloy is immersed in artificial saliva in the presence of Copper Barrel
brandy, linear polarization resistance value decreases from 25.42x10%® Ohm-cm? to
6.83x10° Ohm-cm?; corrosion current increases from 2.00x107* A/cm? to 6.26x10~° Alcm?;
charge transfer resistance value decreases from 51.16x107 Ohm-cm? to 7.84x10° Ohm-cm?;
impedance value decreases from 8.279 to 6.139; double layer capacitance increases from
0.997x10- F/cm? to 651 x 1014 F/cm?, and phase angle decreases from 78.84° to 45.77°. The
findings of this study may find application in dentistry. The surface morphology has been
investigated by scanning electron microscopy (SEM) and atomic force microscope (AFM). Itis
found that in the presence of Copper Barrel brandy, the roughness of the alloy increases due to
corrosion process. The AFM parameters RMS (Sq), roughness (nm), average (Sa) roughness
(nm) and maximum peak-to-valley height (Sy) (nm) have been derived. These parameters are
high when orthodontic wire made of Ni-Ti alloy is immersed in artificial saliva in the presence
of Copper Barrel brandy. The shift in corrosion potential is within 50 mV indicating that Copper
Barrel brandy functions as mixed type of additive. That is, it accelerates both the anodic and
cathodic process of corrosion.
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Introduction

Beautiful objects are symmetrical in nature. Symmetry leads to beauty. Symmetry is a result
of regular arrangement. Regular arrangement of teeth leads to attractive and beautiful smiles
which attract everyone. Unfortunately, by God’s grace, some people do not have regularly
arranged teeth. To regularize the growth of teeth, people need the help of dentists. They
make use of orthodontic wires made of various alloys such as SS 316 L, SS 18/9, NiTi, NiCr
etc., after clipping these wires; people take many tablets, food items and juices orally.
Because of these activities the orthodontic wires undergo corrosion. In addition, in the oral
environment, in the presence of saliva which contains 98% water, plus electrolytes, mucus,
white blood cells, epithelial cells (from which DNA can be extracted), glycoproteins,
enzymes (such as amylase and lipase), antimicrobial agents such as secretory IgA and
lysozyme, the orthodontic wires undergo corrosion further. Many investigations have been
carried out on the corrosion resistance of several orthodontic wires in artificial saliva in the
presence of food items, tablets, juices and candies.

Studies on corrosion behavior of orthodontic wires in artificial saliva have been
undertaken by many researchers [1-10]. Some of them are summarized in Table 1.

Table 1. Corrosion behavior of orthodontic wires in artificial saliva.

SNo/Ref Title Methods Findings
The amount of Cr and Ni ions
released in stainless steel
orthodontics brackets in the saliva
is influenced by the bracket raw
Release of . . .
. . material and the mixture of saliva
Nickel and The data source of this research : i
) . . solutions caused by oral conditions
Chromium lons  was obtained through a literature e . .
. and the artificial saliva mixture.
from Stainless search through a database. Study :
1 . o Factors that can cause ion release
Steel about the level of Ni and Crionsin . . .
. . . in stainless orthodontic brackets
Orthodontics saliva due to the release of Ni and X
_ ) L are temperature, microflora, oral
Bracket: A Cr bracket stainless steel in vitro. . )
) enzymes, quality and quantity of
Review - : .
saliva, changes in acidity (pH) of
saliva, plaque, protein, physical
and chemical properties of food
and beverages
In vitro wearing This review examines corrosion Stainless steel, which is commonly
away Of_ and wear of orthodontic brackets,  used in orthodontic devices, is the
orthodontic wires, and arches exposed to material that suffers the most
5 brackets and different media, including: wear. It was also found that acidic
WIres in beverages (juices), mouthwashes pH, alcohols, fluorides, and
different and artificial saliva among others, chlorides worsen orthodontic
condltl_ons: A and the possible health effects material corrosion. Further, nickel
review resulting from the release of released from brackets and wires
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metallic ions under various
conditions

can cause allergic reactions and
gingival overgrowth into patients.

The passive
properties of
TA10 in Coca-
Cola containing
oral
environment

The passive behavior of TA10 alloy
in artificial saliva (AS) and Cola
was studied by means of
potentiodynamic polarization,
electrochemical impedance
spectroscopy, cyclic voltammetry,
Mott-Schottky techniques and
combined with X-Ray
photoelectron spectroscopy and
Auger electron spectroscopy (AES)
surface analysis.

With the increase of cola content,
the self-corrosion current density
of the alloy increases sharply, and
the corrosion resistance of the
passive film is the best in AS,
while Rp in cola is reduced to half
of that in AS. The thickness of the
passive film in AS, AS +cola and
cola is about 9.5 nm, 7.5 nm and
6 nm, respectively.

Corrosion
behavior of
orthodontic

wires in
artificial saliva

with presence of

Corrosion resistance of Ni-Ti alloy,
22 carat gold, SS 18/8 alloy,
SS316L alloy, and thermoactive
alloy in artificial saliva (AS) in the
absence and presence of tea has
been evaluated by polarization
study, AC impedance spectra, UV-
visible absorption and fluorescence
spectra, SEM, AFM, and EDAX.

The decreasing order of the
corrosion resistance for Ni-Ti
alloy is AS+tea > AS > tea.
People fixed with orthodontic
wire, made of Ni-Ti alloy, can take
tea orally without any hesitation.

beverage For Ni-Ti alloy, 22 carat gold, SS
18/8 alloy, SS316L alloy, and
thermoactive alloy.
Influence of

fluoride and/or
bovine albumin
and some
common
beverages on
electrochemical
properties of
ionic liquid
coated
Zirconium for
enhancing
dental
implantology
performance

The morphology and composition
of the ([Bmim]CI) IL produced coat
was characterized by means of
scanning electron microscopy
equipped with energy-dispersive
X-Ray spectroscopy (SEM-EDX).

Electrochemical studies.

Computational chemistry
modeling was used to understand
the adsorption and corrosion
inhibition performance for the IL
on metal surface interface, and the
results come in strong agreement
with the experimental study.

Evaluation of
frictional
resistance and
surface
characteristics
after immersion

Brackets tied with SS wires divided
into eight subgroups (n=10) and
were immersed in vinegar
(pH=3.5+0.5), Pepsi® (pH=2.46),
Colgate Phos-Flur mouth rinse
(pH=5.1), and artificial saliva

Findings may have long-term
implications when acidic food
substances are used during fixed
orthodontic treatment. Further, in
vivo studies are required to
analyze the clinical effect of acidic
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of orthodontic
brackets and
wire in different

(control group pH=7) for 24 h.
Changes in surface morphology

under scanning electron microscope

mediums in the oral environment
during orthodontic treatment.

chemical %1000, surface roughness (Ra) with
solutions: A surface profilometer (single bracket
comparative in and single wire from each
vitrostudy subgroup), and frictional resistance
using universal testing machine
were evaluated.
The tests were performed at the
temperature corresponding to the
temperature of human body
Corrosion in (37°C). The measurements

acidic beverages
and recovery of
microhardness
of human teeth
enamel

Vickers hardness of dental enamel
was monitored. SEM.

confirmed a significant
deterioration of microhardness
with prolonged exposure to white
wine. The Vickers hardness

decreased from 347 HV0.2 in un-
corroded specimens to 186 HV0.2

in samples corroded for

60 minutes in white wine.

Do soft drinks

affect metal Effect of orange juice and Coca

Cola® on the release of metal ions

8 Ion?rfrlr? ase from fixed orthodontic appliances
orthodontic was studied by multielemental ICP-
appliances? OES analysis

It was found that orange juice did

not intensify the release of metal

ions from orthodontic appliances,
whereas Coca Cola® caused
increased release of Ni ions.

The aim of this study was to
determine the influence of soft
drinks on the surface of Ni-Ti
archwires and their corrosion

behavior. Archwires with different

patterns (smooth, scratch, dimple,
and crack) were selected and

characterized by scanning electron

Influence of soft
drinks with low
pH on different
9 Ni-Ti
orthodontic
archwire surface

The results showed an increase in
the surface defects and/or
roughness of the dimple, crack and
scratch patterns with the
immersion times, and a decrease in
corrosion resistance

patterns. .
microscopy and laser confocal
microscopy.
The aim of the present work was to
perform a systematic study of the
Corrosion effect of several beverages

behaviour of a (alcoholic drinks, natural and

10 dental alloy in artificial fruit juices, vinegar, soft
some beverages drinks, milk) on the corrosion

and drinks behaviour of an aluminum-bronze

dental alloy. Results were
compared to those obtained in

The aggressiveness of the different
liquids is independent of both the
pH and electrical conductivity of
the solution. The most aggressive
beverage (artificial orange juice)
generates a corrosion rate only 1

order of magnitude higher than
that of saliva, a difference that is
not relevant for the odontological
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artificial saliva and in a solution of  use considering the short time that
sodium chloride. beverages are in contact with
dental alloys in the oral
environment.

The present work is undertaken to investigate the influence of Copper Barrel brandy —
a hard drink — on the corrosion behavior of Ni-Ti orthodontic wire immersed in artificial
saliva by electrochemical studies such as polarization study and AC impedance spectra. The
surface morphology has been investigated by SEM and AFM.

Experimental Procedure

Preparation of the metal specimens

Ni-Ti alloy (also known as Nitinol) is an alloy with a near-equiatomic composition (i.e., 49—
51%) of nickel and titanium. Ni-Ti belongs to the class of shape memory alloys that can be
deformed at a low temperature and are able to recover their original, permanent shape when
exposed to a high temperature. It is used in Dentistry.

The working electrode was encapsulated in Teflon rod (Invento). The exposed area was
1 cm?. It was polished to mirror finish and used for electrochemical studies.

Preparation of artificial saliva

The preparation of artificial saliva was done using the composition of Fusayama Meyer
artificial saliva (AS). Artificial saliva was prepared in laboratory and its was as follows: KCI
0.4 g/L, NaCl 0.4g/L, CaCl;:2H,O 0.906 g/L, NaH,PO4-2H,0O 0.690 g/L, Na,S-9H,0
0.005 g/L, urea 1 g/L. The pH of the solution was 6.5.

Copper Barrel brandy

It is an Indian brandy, made from molasses/Grain spirit, in Kals Distilleries Pvt. Ltd.,
Kallakottai village, Pudukottai District, Tamilnadu, India. It contains demineralized water,
neutral spirit, permitted natural colour INS 150a (A dark brown food color produced by heat
treatment of sucrose. It is a food additive approved by the European Union and is denoted
by INS150a under International Numbering System.) and permitted Flavors (Figure 1).

Potentiodynamic polarization technique

A CHI 660 A workstation model was used in the electrochemical studies. Polarization study
was carried out using a three electrodes cell assembly (Figure 2). Ni-Ti alloy was used as
working electrode, platinum as counter electrode and saturated calomel electrode (SCE) as
reference electrode. After having done iR compensation, polarization study was carried out
at a sweep rate of 0.01 V/Sec. The corrosion parameters such as linear polarization resistance
(LPR), corrosion potential Ecor, corrosion current leor and Tafel slopes (b, and be) were
measured.
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Figure 1. Copper Barrel brandy.
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Figure 2. Three electrode cell assembly.

Alternating current impedance spectra

AC impedance spectra were recorded in the same instrument used for polarization study,
using the same type of three electrode cell assembly. The real part (Z') and imaginary part
(=Z") of the cell impedance were measured in Ohms for various frequencies. The charge
transfer resistance (R;) and double layer capacitance (Cq) values were calculated.

Charge transfer resistance (R;) and the double layer capacitance (Cq) were calculated.
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Ri=(Ri+R)-R
where Rs=solution resistance. Cq values were calculated using the relationship:
Cy =1/2x3.14x R x f

where fmax=frequency at maximum imaginary impedance.

Scanning electron microscopy (SEM) analysis

The mild steel specimens immersed in various test solutions for one day were taken out,
dried and subjected to the surface examination. The surface morphology measurements of
the mild steel surface were carried out by scanning electron microscopy (SEM) using
CAREL ZEISS make model EVO-18.

Atomic force microscopy (AFM) analysis

The mild steel specimens immersed in various test solutions for one day were taken out,
dried and subjected to the surface examination. The surface morphology measurements of
the mild steel surface were carried out by (AFM) using SPM Veecodilnnova connected with
the software version VV7.00 and the scan rate of 0.7 Hz.

Results and Discussion

Electrochemical studies

Electrochemical studies such as polarization study and AC impedance spectra have been
widely used to measure the corrosion resistance metals and alloys in various media [11-15].

Polarization study

The polarization curves of orthodontic wire Ni-Ti alloy immersed in artificial saliva in the
absence and presence of Copper Barrel brandy are shown in Figure 3. The potential vs.
current plot is shown in Figure 4.

When Ni-Ti alloy is immersed in artificial saliva, the C—V (current—potential) plots
remain as a straight line. There is no variation in current as the potential changes. That is the
protective film formed on the alloy surface is stable and not broken by the ingredients present
in artificial saliva. But in the presence of Copper Barrel brandy the current value increases
when potential value increases. That is the film is broken by the ingredients present in
artificial saliva. This observation is supported by the facts that when Ni-Ti alloy is immersed
in artificial saliva in the presence of Copper Barrel brandy, the LPR value decreases and
corrosion current value increases.

The various corrosion parameters such as corrosion current, linear polarization
resistance, tafel slopes (b.=cathodic; b,=anodic) and corrosion potential (Ecor) are given in
Table 2. When corrosion resistance decreases, LPR value decreases and corrosion current
increases (Figure 5).
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Figure 3. Tafel plots of Ni-Ti alloy immersed in various test solutions.
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Figure 4. Current—potential curves of Ni-Ti alloy.
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Polarization study

|
Corrosion

Corrosion current
increases

resistance

LPR decreases
Decreases

Figure 5. Correlation among corrosion parameters derived from polarization study.

Table 2. Corrosion parameters of Ni-Ti alloy immersed in various test solution obtained by polarization

study.
System Ecorr, MV vs. SCE Be, Pa, LPR, Ohm-cm? icorr, A/lCmM?
y corr v mV/decade mV/decade corr
Ni-Tiin 702 4.045 4504 25.42x 108 2.001x10 "1
artificial saliva
Ni-Ti in
artificial saliva ~697 6.567 3.600 6.83x10° 6.259x 107
+ Copper Barrel
brandy
Mixed type.
Anodic reaction Decreases. So Increases. So
and cathodic corrosion corrosion
Inference . — - . .
reaction are resistance resistance
accelerated decreases decreases
to an equal extent
" “People clipped with orthodontic wire made of Ni-Ti alloy should avoid taking
Implication

Copper Barrel brandy orally”

p
" In presence of copper barrel, the current flowing

through Ni-Ti alloy in artificial saliva increases"

0-11

Icorr Afcm2

wo-ll

Ni-Ti in artificial saliva Ni-Ti in artificial saliva +
copper barrel

‘

Figure 6. Comparison of corrosion current values.
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LPR Ohmcm2 " In presence of copper barrel
corrosion resistance of Ni-Ti alloy
in artificial saliva decreases"

2541630720
Sk
Ni-Ti in artificial Ni-Ti in artificial
saliva saliva + copper
barrel

Figure 7. Comparison of LPR values.

" Copper barrel accelerates the anodic and cathodic reaction of
corrosion process taking place at Ni-Ti alloy in artificial saliva"
EcorrmV vs SCE
-693.576
-694.98
-696.3884
-697.788
-699.192
-700.596
702
Ni-Ti in artificial Ni-Ti in artificial
saliva saliva + copper
barrel
|l Ecorr mV vs SCE -702 | -697 |

Figure 8. Comparison of corrosion potential values.

Ni-Ti alloy +AS system

When Ni-Ti alloy is immersed in artificial saliva system, the LPR value is
25.42 %108 Ohm-cm?. The corrosion current is 2.001x 107t A/cm?.

Ni-Ti alloy + AS + Copper Barrel brandy system

When 4 ml of Copper Barrel brandy is added to the artificial saliva system, the LPR value
decreases to 6.83x10%° Ohm-cm? and corrosion current increases to 6.259x10-° A/cm?. This
indicates that in presence of Copper Barrel brandy, corrosion resistance of Ni-Ti alloy in
artificial saliva decreases.

Corrosion potential

The shift in corrosion potential is within 50 mV. This indicates that in the presence of Copper
Barrel brandy. anodic reaction and cathodic reaction of corrosion process are accelerated.
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So the corrosion rate increases in the presence of Copper Barrel brandy. The various
corrosion parameters derived from polarization study are compared in Figures 6—8.

Implication

In presence of Copper Barrel brandy, corrosion resistance of Ni-Ti alloy in artificial saliva
decreases. It implies that people clipped with orthodontic wire made of Ni-Ti alloy should
avoid taking Copper Barrel brandy orally.

Analysis of AC Impedance Spectra

AC impedance spectra have been used to study the corrosion behavior of orthodontic wires
in artificial saliva. If corrosion resistance decreases, the charge transfer resistance (R:)
decreases and double layer capacitance (Cq) value increases. The impedance value decreases
and phase angle decreases (Figure 9).

ACimpedance
spectra

Corrosion
R,decreases [ resistance
decreases

Impedance
decreases

Phaseangle [
decreases

Cgincreases g

Figure 9. Correlation among corrosion parameters of AC impedance spectra.

The AC impedance spectra of Ni-Ti alloy immersed in various test solutions are given
in Table 3. The various corrosion parameters derived from AC impedance spectra are
compared in Figures 9—11.

The Nyquist plots are given in Figures 12, 13, 17, 18. The Bode plots are shown in
Figures 14, 19. The charge transfer resistance and double layer capacitance are derived from
Nyquist plot. The impedance values are derived from Bode plots. The 3D plots are shown in
Figures 15, 16, 20, 21.

Based on the principles of AC impedance spectra (Figure 9), itis inferred from Table 3,
that in the presence of Copper Barrel brandy, corrosion resistance of Ni-Ti in artificial saliva
decreases, because in the presence of Copper Barrel charge transfer resistance decreases,
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impedance value decreases, phase angle decreases and double layer capacitance value
Increases.

Implication

In presence of Copper Barrel brandy, corrosion resistance of Ni-Ti alloy in artificial saliva
decreases. It implies that people clipped with orthodontic wire made of Ni-Ti alloy should
avoid taking Copper Barrel brandy orally.

Table 3. Corrosion parameters of Ni-Ti alloy immersed in various test solutions obtained by AC impedance
spectra.

Impedance
. 2 ) 2 o
System Rt, Ohm-cm log (Z/Ohm) Cal, F/cm Phase angle,
Ni-Ti in artificial 51.16x 107 8.279 0.997x10 % 78.84
saliva
Ni-Ti in artificial
saliva + Copper 7.84x10° 6.139 651x1071 45.77
Barrel brandy
Corrosion Rt decreases and
resistance so Cq increases,
Inference decreases . decreases
decreases and so since they are
Rt value decreases inversely related.
I “People clipped with orthodontic wire made of Ni- Ti alloy should avoid taking
Implication s
Copper Barrel orally
4 N

Phase angle®° M CdIF/cm2  mImpedance log(Z/ohm)
DECREASES INCREASES DECREASES

Ni-Ti in artificial saliva + copper &—_ 651
barrel x10-14

4 J
Sy
e o
=29
o™
(=Y
iy

Ni-Ti in artificial saliva

\ i J

Figure 10. Comparison of phase angle values, double layer capacitance values and impedance
values.
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" In presence of copper barrel Rt value of Ni-Ti
alloy in artificial saliva decreases"

Ni-Ti in artificial saliva + copper ‘ 4000
barrel Rt Ohmcm?2

600000

Ni-Ti in artificial saliva

. y

Figure 11. Comparison of charge transfer resistance values.

1.4 Ni-Ti alloy in artificial sgliva Nyquist plot

-Z." / 1et+8ohm

0 02 04 06 08 10 12 14 16
7' / 1e+8ohm

Figure 12. Nyquist plot of Ni-Ti alloy in artificial saliva.

9.0; : . . . .
80- Nyquist plot ‘

7.0
6.0
5.0
4.0
3.0
2.0
1.0

Enlarged image

Ni-Ti alloy in artificial saliva

-Z." / 1e+60hm

Z'/ 1e+60hm

Figure 13. Nyquist plot of Ni-Ti alloy in artificial saliva, enlarged image.
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Figure 14. Bode plots of Ni-Ti alloy in artificial saliva.
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Figure 15. Interactive 3D plot- log frequency, Ni-Ti alloy in artificial saliva.
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Figure 16. Interactive 3D graphics, Ni-Ti alloy in artificial saliva.
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Figure 18. Nyquist plots of Ni-Ti alloy in artificial saliva+ Copper Barrel brandy system
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Figure 19. Bode plots of Ni-Ti alloy in artificial saliva+ Copper Barrel brandy system.
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Figure 20. Interactive 3D plot of Ni-Ti alloy in artificial saliva+ Copper Barrel brandy system.
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Figure 21. Interactive 3D graphics of Ni-Ti alloy in artificial saliva + Copper Barrel brandy

system.
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Figure 22. 1/Sqgrt (frequency) vs. Z” and Z' plots.

A look at Figure 22 reveals that, when two systems are compared in this type of plot,
for a system with low R; value, a straight line plot is obtained. For a system with high R;

value, a straight line plot is not obtained. It widens on either sides of the origin.

Enlarged images o

f Nyquisit plots

Comparison of enlarged images of Nyquisit plots (Figures 13 and 18) reveals interesting
concepts. In the case of Figure 18, charge transfer process is seen (small semi circle). But
this is absent in Figure 13.That is when Ni-Ti alloy is immersed in artificial saliva + Copper
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Barrel brandy system, charge transfer process is seen. But this is absent when Ni-Ti alloy is
immersed in artificial saliva system. That is why the previous system has low corrosion
resistance and the later system has more corrosion resistance.

SEM analysis

SEM images have been frequently used in corrosion inhibition studies [16—18]. The SEM
images are shown in Figure 23. The SEM images of Ni-Ti in artificial saliva, and Ni-Ti in
artificial saliva + Copper Barrel brandy are shown in Figure 23. The SEM image of Ni-Ti in
artificial saliva is smooth because here the corrosion resistance is high as revealed by high
linear polarization resistance and high charge transfer resistance. The SEM image of Ni-Ti
in artificial saliva + Copper Barrel brandy system is rough because here the corrosion
resistance is low as supported by low linear polarization resistance and low charge transfer
resistance. Pits are noticed on the corroded surface.

Ni-TiinAS Ni-/ﬁ’irﬁ\g";

.AW

barrel =

t ¢:.’—':“

Figure 23. SEM images of various surfaces.

AFM analysis

AFM images have been frequently used in corrosion inhibition studies to investigate the
surface roughness [24]. The AFM images are shown in Figure 24. The AFM parameters
RMS (Sq) Roughness (nm), Average (Sa) Roughness (nm) and Maximum peak-to-valley
height (Sy) (nm) are given in Table 4.

It is generally observed that when Ni-Ti is immersed artificial saliva + Copper Barrel
system, the roughness values increase, due to corrosion of Ni-Ti which is supported by
electrochemical studies — decrease in linear polarization resistance, charge transfer
resistance, impedance and phase angle; and increase in double layer capacitance and increase
in corrosion current.
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Table 4. AFM parameters (area roughness) of various surfaces.

sample RMS (Sq) Roughness, Average (Sa) Maximum peak-to-
P nm Roughness, nm valley height (Sy), nm
Ni-Ti in artificial saliva 67.484 nm 52.532 nm 594.31 nm
Ni-Ti in artificial saliva 482.79 nm 275.56 nm 8.2462 um

+ Copper Barrel brandy

Topography - Scan forward Line fit

Topography - Scan forward Line fit

Line fit 664nm
Line fit 5.26pm

AFM images

Figure 24. AFM images of various surfaces.

Summary and Conclusions
The salient outcomes of the present study are summarized.

e Corrosion resistance of an orthodontic wire made of Ni-Ti alloy immersed in artificial
saliva in the absence and presence of Copper Barrel brandy has been investigated by
polarization study and AC impedance spectra.

e It is observed that corrosion resistance of Ni-Ti alloy immersed in artificial saliva in the
presence of Copper Barrel brandy decreases. Hence it is concluded that people clipped
with orthodontic wire made of Ni-Ti alloy should avoid taking Copper Barrel brandy
orally.

¢ When Ni-Ti alloy is immersed in artificial saliva in the presence of Copper Barrel, Linear
Polarization Resistance value decreases and corrosion current increases; charge transfer
resistance value decreases; impedance value decreases and double layer capacitance
increases.
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e It is therefore concluded that people clipped with orthodontic wire made of Ni-Ti alloy
should avoid taking Copper Barrel brandy orally.

e The findings of this study may find application in dentistry.

e The surface morphology has been investigated by scanning electron microscopy (SEM)
and atomic force microscope (AFM).

Scope for further study

e Orthodontic wires made of other alloys such as SS 316 L, SS 18/ 8 may be used.

e Instead of Copper Barrel brandy, other drinks may be used.

e Other surface analysis techniques such as FTIR, EDX and contact angle measurements
may be employed.

References

1. 1.B. Narmada, Alida, N.J. Farha, I.D. Virgianti, P.P.Larasati, A.P.Nugraha and
T.N.E.B.T.A. Noor, Release of Nickel and Chromium lons from Stainless Steel
Orthodontics Bracket: A Review, Res. J. Pharm. Technol., 2023, 16, no. 10, 4935-4942.
doi: 10.52711/0974-360X.2023.00800

2. P.J. Espinoza-Montero, M. Montero-Jiménez, L. Fernandez, J.L. Paz, J.L. Pifieiros and
S.M. Ceballos, In vitro wearing away of orthodontic brackets and wires in different
conditions: A review, Heliyon, 2022, 8, no.9, E10560. doi:
10.1016/j.heliyon.2022.e10560

3. M. Liu, J. Li, D.Li and L. Zheng, The passive properties of TA10 in Coca-Cola
containing oral environment, Anti-Corros. Methods Mater., 2021, 68, no. 1, 9-16. doi:
10.1108/ACMM-05-2020-2312

4. A.C.C. Mary, J. Jeyasundari, V.R.N. Banu, R. Dorothy, S. Rajendran, S.S. Kumaran
and A.P.P Regis, Corrosion behavior of orthodontic wires in artificial saliva with
presence of Dbeverage, Nanotechnol. Beverage Ind., 2020, 16, 471-504. doi:
10.1016/B978-0-12-819941-1.00016-X

5. R.A. Ahmed and W.A. Alshahrani, Influence of fluoride and/or bovine albumin and
some common beverages on electrochemical properties of ionic liquid coated Zirconium
for enhancing dental implantology performance, J. Mol. Liq., 2019, 279, 548—-560. doi:
10.1016/j.molliq.2019.01.168

6. K. Nanjundan and G. Vimala, Evaluation of frictional resistance and surface
characteristics after immersion of orthodontic brackets and wire in different chemical
solutions: A comparative in vitro study, Indian J. Dent. Res., 2016, 27, no. 5, 513-520.
doi: 10.4103/0970-9290.195641

7. P. Gaalova, D. Galuskova, J. Kova¢, D. Kova¢ and D. Galusek, Corrosion in acidic
beverages and recovery of microhardness of human teeth enamel, Ceram.-Silik., 2016,
60, no. 2, 105-114. doi: 10.13168/cs.2016.0016



https://scholar.unair.ac.id/en/persons/alida-alida-3
https://doi.org/10.52711/0974-360X.2023.00800
https://doi.org/10.1016%2Fj.heliyon.2022.e10560
http://dx.doi.org/10.1108/ACMM-05-2020-2312
https://dx.doi.org/10.1016/B978-0-12-819941-1.00016-X
http://dx.doi.org/10.1016/j.molliq.2019.01.168
http://dx.doi.org/10.4103/0970-9290.195641
http://dx.doi.org/10.13168/cs.2016.0016

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 1246-1267 1266

10.

11.

12,

13.

14,

15.

16.

17.

18.

. M. Mikulewicz, P. Wotowiec, B.W. Loster and K. Chojnacka, Do soft drinks affect
metal ions release from orthodontic appliances? J. Trace Elem. Med. Biol., 2015, 31,
74-77. doi: 10.1016/j.jtemb.2015.03.007

. C. Abalos, A. Paul, A. Mendoza, E. Solano, C. Palazon and F.J. Gil, Influence of soft

drinks with low pH on different Ni-Ti orthodontic archwire surface patterns, J. Mater.

Eng. Perform., 2013, 22, no. 3, 759—766. doi: 10.1007/s11665-012-0311-3

G.S. Duff6 and S.B. Farina, Corrosion behaviour of a dental alloy in some beverages and

drinks,  Mater. Chem. Phys,, 2009, 115, no.1l, 235-238. doi:

10.1016/j.matchemphys.2008.11.053

V.E. Kasatkin, L.P. Kornienko, A.l. Shcherbakov, 1.V. Kasatkina, 1.G. Korosteleva and

V.N. Dorofeeva, Investigation of nickel electrochemical impedance spectra under

conditions of anodic polarization in hydroxide solutions with chloride ion additives, Int.

J. Corros. Scale Inhib., 2024, 13, no. 2, 683—707. doi: 10.17675/2305-6894-2024-13-2-3

A. Nikitasari,  G. Priyotomo,  S. Prifiharni,  S. Musabikha, = R. Kusumastuti,

J. Triwardono, P.D.N. Lotulung, S. Bahtiar, E. Yanuar, L. Suhaimi, R. Desiasni and

F. Widyawati, Anti-corrosion inhibition of APl 5L in hydrochloric acid solution by

ethanol extract of Phyllanthus niruri leaf, Int. J. Corros. Scale Inhib., 2024, 13, no. 1, 1—

20. doi: 10.17675/2305-6894-2024-13-1-1

A.S. Begum, S.S. Syed Abuthahir, M.V. Mohamed, S. Rajendran and A. Al-Hashem,

Corrosion behavior of SS 18/8 orthodontic wire in artificial saliva in the presence of an

agueous extract of Spillanthes acmella leaves, Int. J. Corros. Scale Inhib., 2024, 13,

no. 1, 21-37. doi: 10.17675/2305-6894-2024-13-1-2

P. Baitule and R. Manivannan, Corrosion inhibition of mild steel in NH,Cl + NaOH

environment containing Azadirachta indica leaf extract, Int. J. Corros. Scale Inhib.,

2024, 13, no. 1, 121-143. doi: 10.17675/2305-6894-2024-13-1-7

A.M. Jabbar and A.S. Abdulnabi, Effect of organic corrosion inhibitors functional

groups (azo and azomethine) on carbon steel N80 alloy corrosion using the

electrochemical polarization technique, Int. J. Corros. Scale Inhib., 2024, 13, no. 1,

165-183. doi: 10.17675/2305-6894-2024-13-1-9

N. Ali, S. Fonnal, N. Nurdin, Y. Saputra and A.K. Arifin, Assessment of Syzygium

cumini (Jamblang) fruit extract as an eco-friendly corrosion inhibitor for low-carbon

steel in 3.5% NaCl medium, Int. J. Corros. Scale Inhib., 2024, 13, no. 1, 223—-240. doi:
10.17675/2305-6894-2024-13-1-11

N. Muneam, F.F.Sayyid, M.H.H. Al-Kaabi and A.A. Alamiery, Environmentally

friendly synthesis and characterization of copper nanoparticles using amino acids as

capping agents: enhanced corrosion resistance and morphological control, Int. J. Corros.

Scale Inhib., 2024, 13, no. 1, 288—310. doi: 10.17675/2305-6894-2024-13-1-14

A. Pradityana, F. Khosfirah, P.I. Santosa and W.B. Wan Nik, Corrosion analysis of

renewable inhibitor Citrus aurantifolia peels extract for API 5L Grade B steel in acid

solution, Int. J. Corros. Scale Inhib., 2024, 13, no. 1, 397-410. doi: 10.17675/2305-

6894-2024-13-1-20



http://dx.doi.org/10.1016/j.jtemb.2015.03.007
https://doi.org/10.1007/s11665-012-0311-3
http://dx.doi.org/10.1016/j.matchemphys.2008.11.053
https://dx.doi.org/10.17675/2305-6894-2024-13-2-3
https://dx.doi.org/10.17675/2305-6894-2024-13-1-1
https://dx.doi.org/10.17675/2305-6894-2024-13-1-2
https://dx.doi.org/10.17675/2305-6894-2024-13-1-7
https://dx.doi.org/10.17675/2305-6894-2024-13-1-9
https://dx.doi.org/10.17675/2305-6894-2024-13-1-11
https://dx.doi.org/10.17675/2305-6894-2024-13-1-14
https://dx.doi.org/10.17675/2305-6894-2024-13-1-20
https://dx.doi.org/10.17675/2305-6894-2024-13-1-20

Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 1246-1267 1267

19. R.A. Mohammed and S.Z. Hussein, Corrosion inhibition of carbon steel in saline water
using an azo dye at various concentrations, Int. J. Corros. Scale Inhib., 2024, 13, no. 1,
241-253. doi: 10.17675/2305-6894-2024-13-1-12

20. V.l. Jasmine, P.S.L.M. Kala, M.J.Clara, H.M.Banu, A.Nirmala, N. Anitha,
A. Krishnaveni and S. Rajendran, Electrochemical studies on emulsion coated mild steel
in ground water, Int. J. Corros. Scale Inhib., 2024, 13, no.1, 542-566. doi:
10.17675/2305-6894-2024-13-1-27

LA A 4


https://dx.doi.org/10.17675/2305-6894-2024-13-1-12
https://dx.doi.org/10.17675/2305-6894-2024-13-1-27

