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Abstract

People are implanted with orthodontic wires madelifferent materials, to regulate
their teeth. The various toothpastes that theyduseg the course of the treatment may
have a corrosive effect on these materials. Hetheemain objective of this study was
to evaluate the corrosion behaviour of an SS 31&hy an artificial saliva in the
presence of a sparkle fresh toothpaste. An eldwroccal study has been used to
investigate the corrosion behaviour of this allSganning electron microscopy (SEM)
imaging gave the morphological data for the sampiewever, by using X-ray
spectroscopy in conjunction with SEM (EDAX), theemlental composition was
determined. Further, the analysis of

the protective film formed on the metal surface wWagse using UV-visible absorption
and fluorescence spectra. The corrosion resistahtiee SS 316L system in various
solutions decreases in the following order: AS+thpaste> toothpaste>AS. For AS+
toothpaste system, LPR= 1813475 Ohnt;dga. = 2.464 x1FA/cm? R =14961 Ohm
cm?; Cai= 3.4088 x10° F/cn? and impedance = 4.397 log z/Ohm. The high corrosion
resistance offered by the toothpaste is due tofdh@ation of a protective film. It
confirmed that the active principles of the toosteangredients have co-ordinated with
the SS 316L metal ions through their polar atonfetm a complex.

Keywords: Orthodontic appliances, toothpaste, dental alloygpedance, resistance,
ingredients.

Introduction

In dentistry, precious metals and alloys often uaesl Au, Ag, Pt and their
alloys. They possess good cast ability, ductilityl aesistance to corrosion [1].
The escalating cost of precious metals throughwei20th century has been one
of the primary reasons for the development of bawal alloys for dental
applications. In addition, these non-precious alaere also found to provide
better mechanical properties and aesthetics foresoral applications. Due to
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their superior mechanical properties and lower tigneertain base metal alloy
systems are preferred. Stainless steels, nickelulim, cobalt-chromium,
titanium, and nickel-titanium alloys are some oé thase metal alloy systems
most commonly used in dentistry of today. [2

Stainless steel alloys

Stainless steel has been successfully used instigritor almost a century. The
first stainless steel used for implants containg8wi% Cr and ~8wt% Ni, which
made it stronger than steel and more resistanbtmsion. Further addition of
molybdenum (Mo) has improved stainless steels (knoas type 316).
Afterwards, the carbon (C) content has been reddiced 0.08 to 0.03 wit%,
which improved stainless steel (named as 316L)osmn resistance to a
chloride solution [13].

Physical properties of metals

One important criterion in metals selection is tie@sideration of their physical
properties, such as density, melting point, spedikat, thermal conductivity,
thermal expansion and corrosion. For many appbtoati one of the most
important considerations is their deteriorationdayrosion. Corrosion of metal
depends on the metals composition and the corrasp@ia in the surrounding
environment [3].

Chromium has a very strong affinity with oxygensuking in the creation of
chromium oxide on the surface of stainless stebenit is exposed to oxygen.
Chromium oxide is a very thin layer that prevenigHter oxidation of stainless
steel. Even if stainless steel is scratched andctitemium oxide layer is
removed, a new chromium oxide layer will form angbtpct the remaining
stainless steel beneath it. The chromium oxiderlayid continue to protect
stainless steel and prevent it from undergoing osion, as long as there is
sufficient chromium present in it[4

There are several metals and metal alloys usedemtisdry and orthodontic
applications. Corrosion of orthodontic appliances lbeen thoroughly studied
[5-10]. The oral cavity represents a harsh envimminfor orthodontic appliances
of any kind [11]. The traces of corrosion on thefates of metals used in any
application can be formed after a period of timgedeling on the mouth
environment [12]. The corrosion process occurs essalt either of the loss of
metal ions directly into the solution or of the gressive dissolution of the
surface films, as a rule oxide or sulphide [13]rr@sion resistance is one of the
important features of dental materials, becauser afitroducing the metallic
biomaterials into the human body, they are suligeatcorrosive medium [14].
Orthodontic wires are recommended by the dentistedulate the arrangement
of teeth. People with these orthodontic wires havdaily brush their teeth. The
toothpaste that they use may corrode the orthodowires in the oral
environment. Hence, there is a need to investigia¢e influence of various
toothpastes on the corrosion resistance of orthicdaires made of many metals
and alloys. The following work was undertaken tadgtthe corrosion behaviour
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of an SS 316L alloy in artificial saliva, in thessmce and presence of a sparkle
fresh toothpaste.

Experimental

Materials

The metal specimens, namely, SS 316L, were chagethd present study. The
study was carried out in the presence of artifisaliva (AS) using a sparkle
fresh toothpaste. The composition of SS 316L is(18%), Ni (12%), Mo
(2.5%), C (<0.03%) and balance is Fe [15]. The amstifon of artificial saliva in
g/Ltis KCI (0.4), NaCl (0.4), CaGRH,O (0.906), NakPQ:.2HO (0.690),
NaS.9H0 (0.005) and urea (1.0) [16-18].

The ingredients of the sparkle fresh toothpastee ar sodium
monofluorophosphate (active ingredients), calciuartbonate, carboxymethyl
cellulose, glycerine, hydrated silica, sodium bextep sodium lauryl sulfate,
sodium saccharin, sorbitol, tetra sodium pyrophasphand water (inactive
ingredients).

Methods

Potentiodynamic polarization

Polarization studies were carried out in a CHI-etEhemical workstation with
impedance, model 660A. A three-electrode cell mbbe was used. The
working electrode used was a thin wire metal speninA saturated calomel
electrode (SCE) was the reference electrode, aatinpin was the counter
electrode. IR contribution was minimized by placitiee reference electrode
close to the working electrode. To attain a stestdye open circuit potential, a
time interval of about 5 minutes was given for terking electrode. The
corrosion parameters such as corrosion poteriial)( corrosion currentlor),
Tafel slopes (anodic B, and cathodic ) and linear polarization resistance
(LPR) were calculated. During the polarization studw scan rate (V/s) was
0.005; hold time at Ef (s) was zero and quite t(s)evas 2.

AC impedance measurements

The measure of the ability of a circuit to resks flow of electrical current is
known as impedance. By applying an AC potentiaralectrochemical cell and
then measuring the current through the cell, tleetedchemical impedance is
usually measured using a small excitation signak instrument used for the
polarization study was also used to record AC imaped spectra. The cell setup
was also the same. The real part (Z') and imaginzaxt (Z") of the cell
impedance were measured in Ohms at various fregegenéalues of the charge
transfer resistance (Rand double layer capacitancesjGvere calculated from
the Nyquist plot and the impedance; log (z/Ohm)ugalvas calculated from
Bode plots. During AC, impedance spectra were cixhir the scan rate (V/s)
was 0.005; hold time at Ef(s) was zero and quiteet{(s) was 2. The value of
charge transfer resistance)(Bnd double layer capacitancesj@vere calculated
from Nyquist plot.
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Ri=(R+R) - R

(where R = solution resistance,:Rcharge transfer resistance)

Cdl = -~m=mmmmmmemm e
2 x 3.14 X RX fmax

where ha= frequency at maximum imaginary impedance.

UV- visible absorption spectra of solutions

The possibility of the formation of a metal — initdp complex in a solution was
examined by recording its UV-visible absorption tpe for the blank, the
inhibitor and the best system solution using anlyi@aJena Specord S-100, UV
—visible spectrometer.

Fluorescence spectroscopy
Fluorescence spectra of solutions, blank, the itdriand the best system were
recorded by using a Jasco-6300 spectrofluorometer.

Scanning Electron Microscopic studies (SEM)

The surface morphology measurements of the thie wietal specimen were
examined using Tescon, Vega3, and a USA computetraited scanning

electron microscope. The surface morphology wasnexed for the thin wire

metal specimen in absence and in presence of thibitor system. The

specimen immersed in the best system for a perioohe day was removed,
rinsed with double distilled water, dried and obsérin a scanning electron
microscope to examine the surface morphology.
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Figure 1. Polarization curves of SS 316L immersed in ar@ficsaliva (AS) in the
absence and presence of a sparkle fresh toothfasftificial saliva (AS); (b) Sparkle
fresh (1%); (c) AS + sparkle fresh (1%).

log(Current/A)

34z



R. D'Souza et al. / Port. Electrochim. Acta 35 (20239-350

Energy Dispersive Analysis of X-rays (EDAX)

SEM imaging gives the morphological data for a damipowever, by using X-
ray spectroscopy in conjunction with SEM, the elatak composition can be
determined. The elements present in a materialdatermined by an EDAX
spectrum. An energy dispersive X-ray analyzer (EPABrucker, Nano,

GMBH, Germany] unit attached to the SEM machine wsed to carry out the
elemental analysis of the metal surface.

Result and discussion

Analysis of potentiodynamic polarization study

The polarization curves of SS 316L immersed inaasitest solutions are shown
in Fig. 1.

The corrosion parameters, namely, corrosion pake(&or), Tafel slopes (b=
cathodic; = anodic), linear polarization resistance (LPRJ anrrosion current
(Icorr) derived from polarization curves are given in [Bah

Table 1. Corrosion parameters of SS 316L immersed in variesissolutions obtained
from the polarization study.

System Eorr be ba LPR [ corr
mV vs. SCE | mV/decade | mV/decade | Ohm cn? Alcm?
AS -672 154 279 630154 6.872 x4(
Sparkle Fresh -606 149 316 1347241 3.272 X4(
AS + Sparkle Fresh -482 177 244 1813475 2.464 X4(

This observes that, when SS 316L is immersed intA& corrosion potential is
—-672 mV vs. SCE. The linear polarization resistavaeie is 630154 Ohm ¢&n
The corrosion current is 6.872 x4@/cnm?. When SS 316L is immersed in an
aqueous solution of (1%) sparkle fresh toothpatte, corrosion potential is
shifted to the noble side (-606 mV vs. SCE). Timedr polarization resistance
(LPR) value increases from 630154 Ohm?ctm 1347241 Ohm cfn The
corrosion current decreases from 6.872 X Afcm? to 3.272 x 18 A/cm?. These
observations indicate that the anodic reactionred@minantly controlled. A
protective film is formed on the metal surface. Ekenthe linear polarization
resistance (LPR) value increases and corrosionecurftor) decreases. The
protective film may probably consist of complexesnfied between stainless
steel ions and the active principles of the toostgangredients.

When SS 316L is immersed in an aqueous solutiosistamg of AS and the 1%
paste solutions, the corrosion potential is shiftethe anodic side (-482 mV vs.
SCE). Hence, it is inferred that the anodic readtiocare predominantly
controlled. Further, the linear polarization remmgte (LPR) value increases from
630154 Ohm crmto 1813475 Ohm cfnCorrosion current decreases from 6.872
x 108 Alcny to 2.464 x 1GA/cm?. These observations indicate that the corrosion
resistance of SS 316L increases when it is immerséXS containing aqueous
solutions of the sparkle fresh toothpaste.
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Analysis of AC impedance spectra
The AC impedance spectra of SS 316L immersed iowartest solutions are

shown in Figs. 2, 3, 4 and 5.
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Figure 2. AC impedance spectra of SS 316L immersed in ASha dabsence and
presence of sparkle fresh toothpaste (Nyquist pl¢a$ AS; (b) Sparkle fresh (1%); (c)
AS + sparkle fresh (1%).
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Figure 3. AC Impedance spectra of SS 316L immersed in (ASyBplots).

The Nyquist plots are shown in Fig. 2. The Boddglare shown in Figs. 3, 4
and 5. The corrosion parameters derived from tpkde are shown in Table 2.
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Figure 4. AC impedance spectra of SS 316L immersed in spémrdd (1%) (Bode
plots).
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Figure 5. AC impedance spectra of SS 316L immersed in a#dlfgaliva (AS) in the
presence of a sparkle fresh toothpaste (1%) (Btads)p

Table 2. Corrosion parameters of SS 316L immersed in varestssolutions obtained
from AC impedance spectra.

System Nyquist plot Bode plot
Re Cua Impedance value
AS 439 11.598 x1€f 3.928
Sparkle fresh 14380 3.5465 x¥0 4.473
AS + sparkle fresh 14961 3.4088 10 4.397

When SS 316L is immersed in AS, the charge trangfgistance (IR value is
4397 Ohm crf the double layer capacitancegfGralue is 11.598 x1& F/cn?
and the impedance (log z/Ohm) value is 3.928. WB8n316L is immersed in
aqueous solutions of (1%) sparkle fresh toothpalseecharge transfer resistance
(Ry) value increases from 4397 Ohm %t 14380 Ohm cfy the double layer
capacitance value { decreases from 11.598 x #0F/cm? to 3.5465 x 10°
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F/cn?, and the impedance value (log z/Ohm) increases 80928 to 4.473.
These observations indicate that a protective i@rformed on the metal surface
when SS 316L is immersed in aqueous solutions gppaakle fresh toothpaste.
The protective film prevents the transfer of elecs from the metal surface to
the bulk of the solutions. Hence, corrosion resistaincreases and the rate of
corrosion decreases. The protective film probablyststs of stainless steel ions,
and the active principle of the toothpaste’s ingrets.

When SS 316L is immersed in AS containing an agsiesmiution of sparkle
fresh toothpaste, the charge transfer resistangev@Rie increases from 4397
Ohm cn? to 14961 Ohm c#y the double layer capacitanceqgGralue decreases
from 11.598 x 16° F/cn? to 3.4088 x 106° F/cn?; and the impedance (log
z/Ohm) value increases from 3.928 to 4.397. iitfisrred that, in presence of AS
containing sparkle fresh toothpaste, the corrosiesistance of SS 316L
increases.

Analysis of UV-visible absorption spectra

The UV- visible absorption spectrum is used to gamfthe protective film
formed on the metal surface. The UV- visible absorpspectrum of artificial
saliva is shown in Fig 6(a). Peaks appear at 3524@&M nm and 660 nm.
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Figure 6. UV-visible absorption spectra of: a) an AS solutibh a solution containing
sparkle fresh toothpaste; and c) a solution comgisS 316L + AS+ sparkle fresh
toothpaste.

The UV- visible absorption spectrum of the toothpasolution is shown in Fig
6(b). A peak appears at 380 nm. The UV- visibleoghtson spectrum of the
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solution of AS toothpaste system, where in SS 31&& been immersed for one
day, is shown in Fig 6(c).

A peak appears at 380 nm. There is no shift in gbsition of Amax Of the
toothpaste system. This indicates that the SS 3l&ly has not undergone
corrosion in presence of the saliva and toothpasstem. Had there been
corrosion, there would have been a shift in thatiposof Amax.  The change in
intensity at 380 nm may be attributed to the fdwit tthere is no electronic
transition because of the co-ordination of thevacgirinciples of the toothpaste’s
ingredients with the SS 316L alloy.

Analysis of fluorescence spectra

Fluorescence spectra are used to detect the pees@nthe metal-inhibitor
complex formed on the surface of the SS 316L allthe fluorescence spectrum
(Aex = 300 nm) of AS is shown in Fig. 7(a). A peak appeat 378.5 nm. The
fluorescence spectrumet = 300 nm) of an aqueous solution of sparkle fresh
toothpaste is shown in Fig. 7(b). Emission takes@lat 381.5 nm. SS 316L was
immersed in an aqueous solution containing AS hedsparkle fresh toothpaste.
A solution was obtained. The fluorescence spectfign= 300 nm) of this
solution is shown in Fig. 7(c).

377.478

825, 1028503
1

((((((((

11504 698

“luorescoencs(ra )

o 360.0 420.0 a80.0 540.0 600.0
VWL (Nanometers)

c)
Figure 7. Fluorescence spectra of: a) an AS solution; b)latisa containing sparkle
fresh toothpaste; and c) a solution containing 3.3+ AS+ sparkle fresh toothpaste.

The peaks appear at 382.5 nm and 447.0 nm. Thieirshifax is not substantial.
This indicates that SS 18/8 has not undergone awnifist corrosion in presence
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of AS and the toothpaste. The slight shift in #agx value may be due to the
release of some Cu ions in this system. This indgcghat a protective film is
formed on the metal surface. There is UV-blue siors

Analysis of Scanning Electron Microscopy (SEM)

SEM images for SS 316L alloy in absence and presehthe system are shown
in Fig. 8 (a) and (b). The surface is found to beath only for pure polished

metals; the system surface has become rough duket@resence of a film

deposited on the metal surface. This protective i due to the deposition of the
active principles of the ingredients present inttwhpaste.

(a) b

Figure 8. SEM images for an SS 316L alloy in absence andepresof the system (AS
+ sparkle fresh tooth paste). (a) Polished SS 3l Polished SS 316L immersed in
AS containing sparkle fresh toothpaste.

Energy Dispersive Analysis of X-rays (EDAX)

The EDAX spectra are shown in Fig. 9 (a) and (k)is seen from the EDAX
spectra that Fe, Cr, Ni and C are present in bb#ersce and presence of the
inhibitor (Table 3 and 4). But the weight percemtagf these elements has
changed after immersion in the AS containing a ldpairesh toothpaste. The
weight percentage of Fe and Cr has increased aghtvgiercentage of C
decreases. The intensity of the peak of Fe is emtlas the active principles of
the toothpaste’s ingredients form a protective fiim the metal surface, thus
preventing the corrosion of the SS 316L alloy.

/e eV

@)
Figure 9. EDAX spectra ofa) polished SS 316L, ant) polished SS 316L immersed
in AS containing a sparkle fresh toothpaste.
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Table 3.Spectrum of the SS316L alloy.

El AN Series unn. C norm. C Atom. C Error
[wt.%] [wt.%] [at.%0] (1 Sigma) [wt.%)]
Fe 26 K-series 68.38 69.48 60.38 2.03
Cr 24 K-series 18.17 18.47 17.24 0.66
Ni 28 K-series 8.06 8.19 6.77 0.48
C 6 K-series 3.80 3.86 15.61 3.48
Total 98.41 100.00 100.00

Table 4.Spectrum of SS 316L + AS + sparkle fresh toothpaste

El AN Series unn. C norm. C Atom. C Error
[wt.%] [wt.%] [at.%0] (1 Sigma) [wt.%)]
Fe 26 K-series 67.54 72.00 68.57 1.84
Cr 24 K-series 17.98 19.16 19.60 0.57
Ni 28 K-series 7.27 7.75 7.02 0.33
C 6 K-series 1.02 1.09 4.81 1.13
Total 93.81 100.00 100.00
Conclusions

In presence of a sparkle fresh toothpaste, comosesistance of the SS 316L
alloy increases. Hence, it is recommended thatlpaoplanted with orthodontic
wires made of SS 316L alloy use sparkle fresh jedte to clean their teeth
without any hesitation. So, dentists can recomm#nsl toothpaste to their
patients.
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