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Abstract

Corrosion resistance of SS 18/8 alloy and Thermo active alloy in various systems are compared.
The various systems are (i) beverage alone, (ii) beverage +water and (iii) beverage + soda water
system. Electrochemical study such as polarization study has been employed for this purpose.
When Thermo active alloy is immersed in undiluted as such beverage, the corrosion potential is
—319 mV vs SCE. The LPR value is 5.749-10” Ohm-cm?. The corrosion current is 0.7607-10°°
A/cm?. When beverage is diluted with water, the LPR value decreases from 5.749-107 Ohm-cm?
to 6.495-108 Ohm-cm?. It is inferred that when the beverage is diluted with water, the corrosion
resistance of Thermo active alloy decreases. This is further supported by the fact, when water is
added to the beverage, the corrosion current increases from 0.7607-10° A/cm? to 6.533-10°
Alcm?. Similarly when soda water is added to the beverage, the LPR value decreases from
5.749-10" Ohm-cm? to 9.028-10° Ohm-cm?; the corrosion current increases from 0.7607-10-°
Alcm? to 4.077-10° A/cm?. Hence it is inferred that when Thermo active alloy is immersed in
the diluted beverage, the corrosion resistance of Thermo active alloy decreases. When SS 18/8
alloy is immersed in undiluted as such beverage, the corrosion potential is —249 mV vs SCE.
The LPR value is 3.609-10° Ohm-cm?. The corrosion current is 1.124-108 A/cm?. When
beverage is diluted with water, the LPR value decreases from 3.609-10° Ohm-cm? to 1.314-10°
Ohm-cm?. It is inferred that when the beverage is diluted with water, the corrosion resistance of
SS 18/8 alloy decreases. This is further supported by the fact, when water is added to the
beverage, the corrosion current increases from 1.124-108 A/cm? to 3.235-10°8 A/cm?2.
Similarly when soda water is added to the beverage, the LPR value decreases from 3.609-10°
Ohm-cm? to 1.098-10%° Ohm-cm?; the corrosion current increases from 1.124-10"8 A/cm? to
4.189-108 A/lcm?. Hence it is inferred that when soda water is added to the beverage, the
corrosion resistance of SS 18/8 alloy decreases. Thermo active alloy is found to be more
corrosion resistant in as such beverage than in beverage + water system or beverage + soda water
system. SS 18/8 alloy is more corrosion resistant in as such beverage than in beverage +water
system or beverage +soda water system. In as such beverage system, Thermo active alloy is
more corrosion resistant than SS 18/8 system. In beverage + water system, Thermo active alloy
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IS more corrosion resistant than SS 18/8 system. In beverage + soda water system, Thermo active
alloy is more corrosion resistant than SS 18/8 system.
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Ni-Ti super elastic shape memory alloy, SS 18/8 alloy.
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Introduction

Storing of food materials in good containers is a social problem. Several studies have been
carried out on storing of food materials, soft drinks, hot drinks and beverages [1-8]. Tinplate
Is a thin steel sheet coated by tin. Tinplate is used for making all types of containers such as
food cans and beverage cans. Social development and green food requirements necessitate a
high standard to the anticorrosion and protective performance for metal packaging materials.
Nonetheless, there are always important problems related to the use of metal packaging
materials with corrosive food products, such as corrosion failure, loss of seal integrity, or
discoloration that cause product rejection by consumers The studies of Catala et al. [1] and
Blunden and Wallace [2] have indicated that a high concentrations of tin in food annoy the
gastrointestinal tract and may cause stomach upsets in some individuals, with symptoms
which include nausea, vomiting, diarrhoea, abdominal cramps, abdominal bloating, fever
and headache.

Ismail et al. have investigated the corrosion performance of aluminum and stannum as
beverage packaging [3]. The corrosion resistance has been evaluated by polarization study.
The study revealed that aluminum can have more anti-corrosion properties than tinplate can.
Peralta-Lopez et al. have studied the corrosion resistance of three stainless steel alloys and
titanium metal in cola soft drinks. They have employed polarization study for this purpose.
The corrosion resistance of the stainless-steel alloys and titanium in the cola soft drinks was
provided by the formation of a stable passive film formed by metal oxides. Scanning electron
microscopy reveals the formation of a protective film on the alloys. This increased the
corrosion resistance of these alloys [4]. Corrosion behavior of aluminum for beverage
packaging in acidic media containing chlorides and copper ions has been investigated by
Soares et al. [5]. Electrochemical studies have been employed in this study. Mareci et al.
have employed electrochemical studies on the stability and corrosion resistance of two
austenitic stainless steels for soft drinks containers. Three carbonated soft drinks were
investigated as for their effect on the stability of FeCrNi and FeCrNiMo alloys. The high
corrosion resistance of the austenitic stainless steel alloys in the soft drinks was provided by
the formation of a rather stable passive film produced by metal oxides. The electrochemical
behaviour was related to an inhibitory action by caffeine as evidenced using potentiodynamic
polarization and electrochemical impedance spectroscopy methods [6]. Corrosion resistance
of orthodontic wires made of SS 316 L alloy in artificial saliva in the absence and presence
of a soft drink namely sprite has been evaluated by polarisation study. This study reveals
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that, the corrosion resistance of SS 316 L alloy decreases in the following order: sprite only
> sprite + artificial saliva > artificial saliva. It is concluded that people who have been
implanted with orthodontic wires made of SS 316 L alloy need not dither to take the soft
drink sprite orally [7]. Corrosion behaviour of a dental alloy in some beverages and drinks
has been investigated by Duffé and Farina [8]. The effect of several beverages (alcoholic
drinks, natural and artificial fruit juices, vinegar, soft drinks, milk) on the corrosion
behaviour of an aluminum-bronze dental alloy has been investigated. Results have been
compared to those obtained in artificial saliva and in a solution of sodium chloride. The style
of taking beverages by people is varying and quite interesting. Some people take after
dilution with water or mixing with soda water. Some people go for taking beverage without
dilution. The present work is undertaken to investigate the corrosion resistance of two dental
alloys namely, thermoactive Ni-Ti super elastic shape memory alloy and SS 18/8 in various
test solutions namely, (i) a beverage as such (Copper Barrel deluxe XXX Rum) (hard drink)
without dilution, (ii) beverage diluted with water and (iii) beverage mixed with soda water.
Polarization study was employed to evaluate the corrosion resistance of various materials
used.

Experimental

Electrochemical study

In the present work corrosion resistance of dental alloys, namely, SS 18/8 alloy and Thermo
active alloy immersed in various test solutions were measured by Polarization study.

Polarization study

Polarization studies were carried out in a CHI Electrochemical work station/analyzer, model
660A. It was provided with automatic iR compensation facility. A three electrode cell
assembly was used (Scheme A).

WE = working electrode
RE = reference electrode

CE = counter electrode

| Three electrode cell assembly I

Scheme A. Three electrode cell assembly.
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The working electrode was SS 18/8 alloy / Thermo active alloy. A SCE was the
reference electrode. Platinum was the counter electrode. A time interval of 5 to 10 min was
given for the system to attain a steady state open circuit potential. From polarization study,
corrosion parameters such as corrosion potential (Ecor), corrosion current (lcorr), Tafel slopes
anodic = b, and cathodic = b, and LPR (linear polarisation resistance) value were measured.

Dental alloys

Thermoactive Ni-Ti super elastic shape memory alloy (Thermo active alloy) contains 55.5%
Ni and 44.5% Ti. SS 18/8 alloy contains 73.75% Fe, 18% Cr, 8% Ni, and 0.25% C. These
two alloys are used as orthodontic wires in dental technology.

Composition of copper barrel deluxe XXX rum (hard drink)

It contains demineralised water, natural spirit, permitted natural color INS 150a. Permitted
Natural Colour (INS 150a) is 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 INS 150a under
International Numbering System.

Composition of soda water
It is carbonated water containing salts of magnesium and sodium.

Results and Discussion

Corrosion resistance of orthodontic wires made of thermoactive alloy and SS 18/8 alloy in
presence of a beverage (Copper Barrel deluxe XXX Rum) (hard drink) has been investigated
by electrochemical study, namely, polarisation study. The experiment has been repeated with
beverage +water system and also beverage +soda water system. These experiments were
done because people usually drink this beverage as such or mixing with water or mixing
with soda water. Interesting results have been obtained. They are presented and discussed in
this section. It is a fact that when corrosion resistance of a metal or alloy increases, the linear
polarization resistance (LPR) value increases and corrosion current (lcorr) Value decreases
[9-13]. This is due to the fact that when a protective film is formed on the metal surface the
flow of corrosive ions on to the metal surface is prevented. Further, the loss of electrons from
the metal surface is also prevented.

Corrosion resistance of Thermoactive alloy in beverage system, beverage +water system
and beverage + soda water system

Corrosion resistance of Thermoactive alloy in beverage (B) system, beverage + water system
and beverage +soda water system, has been investigated by polarization study. The
polarization curves of Thermoactive alloy immersed in various test solutions are shown in
Figure 1. The corrosion parameters such as linear polarization resistance (LPR), corrosion
potential Eor, cOrrosion current I and Tafel slopes (b, and b¢) are given in Table 1.
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Figure 1. Polarisation curves of Thermo active alloy immersed in various test solutions.

[ ™
57.49 X 106 Ehermoactive alloﬂ
LPR Ohmem?2
6 6
6.495 X 10 9.028 X 10
a D
Beverage Beverage Beverage
+ water +soda water
L Comparison of LPR values )
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Scheme B. Relation among corrosion resistance and polarisation parameters.
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Table 1. Corrosion parameters of thermo active alloy immersed in various test solutions obtained by
polarization study.

System Ecorr be ba LPR , lcorr ,
mVvs SCE  mV/decade mV/decade Ohm-cm Alcm
Beverage -319 207 216 5.749-10’ 0.7607-107°
beverage + water 579 190 206 6.495-10° 6.533-10°°
beverage + soda water ~-374 204 146 9.028-10° 4.077-107°

It is observed from Table 1 that when Thermo active alloy is immersed in undiluted as
such beverage, the corrosion potential is —319 mV vs SCE. The LPR value is 5.749-10’
Ohm-cm?. The corrosion current is 0.7607-10° A/cm?2. When beverage is diluted with water,
the LPR value decreases from 5.749-10° Ohm-cm? to 6.495-106 Ohm-cm?. It is inferred that
when the beverage is diluted with water, the corrosion resistance of Thermo active alloy
decreases. This is further supported by the fact, when water is added to the beverage, the
corrosion current increases from 0.7607-10° A/cm? to 6.533-10-° A/cm?. Similarly when soda
water is added to the beverage, the LPR value decreases from 5.749-10” Ohm-cm? to 9.028-10°
Ohm-cm?; the corrosion current increases from 0.7607-10° A/cm? to 4.077-107° A/cm?
(Figure 2). Hence it is inferred that when soda water is added to the beverage, the corrosion
resistance of thermo active alloy decreases [9-13].

Implication

Corrosion resistance of thermo active alloy is higher in as such beverage than in beverage
mixed with water or with soda water.

Corrosion resistance of SS 18/8 alloy in beverage system, beverage +water system and
beverage +soda water system

Corrosion resistance of SS 18/8 alloy in beverage (B) system, beverage +water system and
also beverage+soda water system, has been investigated by polarization study. The
polarization curves of SS 18/8 alloy immersed in various test solutions are shown in Figure 3.
The corrosion parameters such as linear polarization resistance (LPR), corrosion potential
Ecorr, COrrosion current I and Tafel slopes (b, and bc) are given in Table 2.

Table 2. Corrosion parameters of SS18/8 alloy immersed in various test solution obtained by polarization
study.

S Stem ECOI’I’ bC ba LPR ICOI’T
y mVvs SCE mV/decade mV/decade Ohm-cm? A/cm?
Beverage —249 134 310 3.609-10° 1.124-1078
beverage + water -307 145 299 1.314-10° 3.235-10°8

beverage + soda water -323 175 268 1.098-10° 4.189-1078
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Figure 3. Polarisation curves of SS 18/8 alloy immersed in various test solutions.
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Figure 4. Comparison of LPR values of SS 18/8 alloy immersed in various test
solutions.

It is observed from Table 2 that when SS 18/8 alloy is immersed in undiluted as such
beverage, the corrosion potential is —249 mV vs SCE. The LPR value is 3.609-10° Ohm-cm?.
The corrosion current is 1.124-10% A/cm?. When beverage is diluted with water, the LPR
value decreases from 3.609-10° Ohm-cm? to 1.314-10° Ohm-cm?. It is inferred that when
the beverage is diluted with water, the corrosion resistance of SS 18/8 alloy decreases. This
is further supported by the fact, when water is added to the beverage, the corrosion current
increases from 1.124-108 A/cm? to 3.235-10-8 A/cm?. Similarly when soda water is added
to the beverage, the LPR value decreases from 3.609-10° Ohm-cm? to 1.098-10° Ohm-cm?;
the corrosion current increases from 1.124-10°8 A/cm? to 4.189-108 A/cm? (Figure 4).

Hence it is inferred that when soda water is added to the beverage, the corrosion resistance
of SS 18/8 alloy decreases.
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Implication

Corrosion resistance of SS 18/8 alloy is higher in as such beverage than in beverage mixed
with water or with soda water.

Comparison of corrosion resistance of SS 18/8 alloy and Thermo active alloy

Corrosion resistance of SS 18/8 alloy and Thermo active alloy in various systems are
compared. The various systems are (i) beverage alone, (ii) beverage+water and (iii)
beverage +soda water system.

(i) Beverage system

Corrosion resistance of SS 18/8 alloy and Thermo active alloy in as such beverage (without
dilution) are compared in Figure 5. It is noted that Thermo active alloy is more corrosion
resistant than SS 18/8 alloy. This is revealed by the fact that the LPR value of Thermo active
alloy is higher than that of SS 18/8 alloy.
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Figure 5. Comparison of corrosion resistance of SS 18/8 alloy and Thermoactive alloy in
beverage.

(i1) beverage + water system

Corrosion resistance of SS 18/8 alloy and Thermoactive alloy in beverage +water system are
compared in Figure 6. It is noted that Thermo active alloy is more corrosion resistant than
SS 18/8 alloy. This is revealed by the fact that the LPR value of Thermoactive alloy is higher
than that of SS 18/8 alloy.
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(iii) beverage + soda water system

Corrosion resistance of SS 18/8 alloy and Thermoactive alloy in beverage +soda water
system are compared in Figure 7. It is noted that Thermoactive alloy is more corrosion
resistant than SS 18/8 alloy. This is revealed by the fact that the LPR value of Thermoactive

alloy is higher than that of SS 18/8 alloy.
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Figure 7. Comparison of corrosion resistance of SS 18/8 alloy and Thermo active alloy in

beverage + soda water system.

Conclusions

Corrosion resistance of SS 18/8 alloy and Thermo active alloy in various systems are
compared. The various systems are (i) beverage alone, (ii) beverage+water and (iii)
beverage +soda water system. Polarization study has been employed for this purpose. The

study reveals that:
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1. Thermo active alloy is more corrosion resistant in as such beverage than in
beverage + water system or beverage +soda water system.

2. SS 18/8 alloy is more corrosion resistant in as such beverage than in beverage +water
system or beverage +soda water system.

3. In as such beverage system, Thermo active alloy is more corrosion resistant than SS 18/8
system.

4. In beverage + water system, Thermo active alloy is more corrosion resistant than SS 18/8
system.

5. In beverage + soda water system, Thermo active alloy is more corrosion resistant than SS
18/8 system.
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Scope for further study

In the present study, corrosion resistance of SS 18/8 alloy and Thermo active alloy in various
systems are compared. The various systems are (i) beverage alone, (ii) beverage + water and
(ili) beverage +soda water system. The alloys used in the present study are used as
orthodontic wires. Hence the present study can be carried out in presence of synthetic saliva.
The findings will be useful for Dentists.
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