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ABSTRACT

A beverage can, commonly referred to as a drink can, is a metal container that features a
polymer lining, specifically designed to hold a defined quantity of liquids such as carbonated soft
drinks, alcoholic beverages, fruit juices, teas, herbal infusions, energy drinks, and other types of liquids.
Extensive research has been conducted in this field. This study examines the potential of using Ever
Silver cans for storing apple juice that includes sugar and ice. It evaluates the corrosion resistance
under various conditions, including a water system, an apple juice system, an apple juice system with
sugar (5000ppm), and an apple juice system that contains both sugar (5000ppm) and ice (1 g). A study
on polarization has been carried out to assess the corrosion resistance of Ever Silver under specific
conditions. The findings indicate that apple juice containing added sugar is unsuitable for storage in
Ever Silver containers. It is recommended that sugar be added only immediately before consumption.

Keywords: Apple juice, Corrosion behaviour of containers, Ever Silver containers,
Ice, Storage of beverages, Sugar.

INTRODUCTION

A beverage can, commonly referred to as a
drink can, is a metal container that features a polymer
lining and is intended to hold a defined volume of
liquids, including carbonated soft drinks, alcoholic
beverages, fruit juices, teas, herbal infusions, energy
drinks, and more. The exterior of these cans is
primarily made of aluminum, accounting for 75% of

global production, with the remaining 25% composed
of tin-plated steel.

The internal surfaces are treated with a
layer of epoxy resin or polymer. It is estimated that
the worldwide output of beverage cans amounts to
around 370 billion units annually. A variety of studies
have been carried out on this topic, with the main
results presented in Table 1.

This is an
Published by Oriental Scientific Publishing Company © 2018
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Apple juice

Apple juice is composed of roughly
88% water and 11% carbohydrates, with sugars
accounting for 9% of that total. A typical serving
of 100 mL of unsweetened apple juice contains
46 calories and does not provide significant amounts
of micronutrients. Furthermore, the juice contains very
low levels of protein and fat. The chemical makeup
of apple juice can be evaluated by analyzing various
elements, such as soluble solids, total sugars,
sucrose, glucose, fructose, sorbitol, pH, titratable
acidity, total acidity, citric acid, galacturonic acid, malic
acid, quinic acid, succinic acid, pectin, and turbidity.

Apple juice typically has a pH level between
3.5 and 4.4, which classifies it as moderately acidic.
This acidity is vital for inhibiting the growth of harmful
microorganisms in the juice. It is important to keep
the pH below 4.0 to guarantee the safety of apple
juice and reduce the likelihood of spoilage'.

Aim and scope of the study

This research explores the practicality of
using Ever Silver cans for storing apple juice with the
addition of sugar and ice. It evaluates the corrosion
resistance across various systems, including a
water system, an apple juice system, a system with
apple juice and sugar (5000 ppm), and a system
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containing apple juice with sugar (5000 ppm) and
ice (1 g). A polarization study has been performed
to determine the corrosion resistance of Ever Silver
in these defined systems.

METHODS AND MATERIALS

This section details the experimental
techniques and materials utilized in the research.
The objective of this study is to evaluate the viability
of storing apple juice in an Ever Silver container.

Preparation of apple juice

Fifty grams of apple slices were blended with
drinking water obtained from the Dindigul Corporation
in Tamil Nadu, India, utilizing a mixer. The resulting
mixture was then filtered to remove any suspended
particles, and the final volume was calibrated to 500
milliliters in a standard measuring flask.

Ever Silver Composition
Ever Silver, commonly referred to as SS
304, was obtained from the vessel markets'>4,

Composition: SS 304 lacks molybdenum,
whereas SS 316 includes 2-3% molybdenum, along
with a lower chromium content and a higher nickel
content. The composition of SS 304 is detailed in
Table 2. Electrochemical study.

Table 2: SS 304 Composition (%)

Stainless Steel C, Si Mn P S Cr Ni Mo Fe
304 0.03 1 2 0.035 0.03 18.0-20.0 8.0-12.0 - Rest
-64.905

Electrochemical study
Polarization study

This research investigates the corrosion
resistance of various systems, which encompass a
water system, an apple juice system, an apple juice
system with sugar added, and an apple juice system
that incorporates both sugar and ice. To evaluate
the corrosion resistance of Ever Silver within these
defined systems, a polarization study was performed.
A three-electrode cell configuration was employed
to produce polarization curves.

The polarization curves were produced
using a CHI 660A electrochemical workstation. In
order to assess the corrosion resistance of the Ever
Silver electrode, it was submerged in different test
solutions. The experimental configuration comprised
an Ever Silver working electrode, a saturated calomel
electrode serving as the reference electrode, and a
platinum counter electrode, as depicted in Figure 1.

Fig. 1. Three-electrode cell assembly

RESULTS

The polarization curves for Ever Silver,
obtained from immersion in different test solutions
such as a water system, an apple juice system, an
apple juice with sugar (5000ppm) system, and an
apple juice with sugar (5000ppm) plus 1 g of ice
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system, are illustrated in Figures?3.

The corrosion parameters derived from
the polarization curves, including corrosion potential
(E,.,), Tafel slopes (?c, ?a), Linear Polarization
Resistance (LPR), and corrosion current values
(Icorr), are presented in Table 3. Reference strarts

from's. A comparative examination of the corrosion

parameters is presented in Figures 6-8. It is widely
acknowledged that a decline in a material's corrosion
resistance is associated with a lower LPR value and a
higher corrosion current, as depicted in Figure 9519,

The corrosion characteristics of Ever Silver
subjected to different test solutions, as determined
through a polarization study

Table 3: Corrosion parameters of Ever Silver immersed in various test
solutions obtained from Polarization study

System E.. B, B, LPR o
V vs'8CE V/decade V/decade Ohmcm? A/cm2
water -0.567 5.957 2.202 61698 8.638 x 107
AJ -0.529 6.149 4.574 46313 8.755 x 107
AJ+sugar -0.344 6.34 3.972 38965 10.82 x 107
AJ+sugar+ice -0.705 6.588 3.073 44475 10.12x 107

Fig. 2. Polarization curve of Ever Silver immersed inwater

Fig. 4. Polarization curve of Ever Silver immersed in apple
juice+sugar

Fig. 6. Comparison of corrosion potentials of Ever Silver

Fig. 3. Polarization curve of Ever Silver immersed in apple juice

Fig. 5. Polarization curve of Ever Silver immersed in apple
juice+sugar+ice

Fig. 7. Comparison of LPR values of Ever Silver
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Fig. 8. Comparison of corrosion current values of Ever
Silver

DISCUSSION

In the present study, polarization analysis
has been employed to evaluate the corrosion
resistance of Ever Silver when immersed in various
test solutions. The primary parameters considered in
the polarization analysis are corrosion potential (E_, ),
corrosion current (I ), linear polarization resistance
(LPR), and Tafel slopes, which are comprised of

anodic (?a) and cathodic (?c) components.

Corrosion potential

Corrosion potential refers to the ability of
both metallic and non-metallic surfaces to undergo
electron loss when they come into contact with
an electrolyte. This corrosion process inherently
creates two electrodes: a cathode and an anode. The
electrode potential of a metal serves as a measure
of its tendency to dissolve and corrode in a specific
electrolyte.

Frequently referredto as E__, the corrosion
potential of a metal is regarded as one of the most
essential elements assessed in corrosion research
and in monitoring corrosion in intricate field
environments.

Corrosion potential is defined as a mixed
potential, often referred to as open-circuit potential or
rest potential, where the rate of anodic dissolution of
the electrode matches the rate of cathodic reactions.
This balance results in no net current entering
or exiting the electrode. The corrosion current is
characterized as the dissolution current that takes
place at this specific corrosion potential?®?'.

Corrosion current
Corrosion current density measures the

Fig. 9. Correlation among corrosion parameters of
Polarization study

rate at which metal degrades in a given environment.
It reflects the flow of electrons from the metal to
the surrounding electrolyte during the corrosion
process?>23,

Linear polarization resistance

A linear polarization resistance (LPR) test is
utilized to assess corrosion rates and offers valuable
information regarding the corrosion resistance of
materials in aqueous settings. These tests can be
performed under static conditions as well as during
reciprocating motion.

The linear polarization resistance method
entails the use of small voltage variations, typically
under 30mV, applied to the metal, both above and
below its corrosion potential. Within this narrow range
around the corrosion potential, the current response
remains linear.

Within a narrow range around the corrosion
potential, the current response remains linear.
Polarization resistance (Rp) measurements are
employed to assess the protective efficacy of
electrodeposited coatings, as the R X values obtained
are inversely proportional to the corrosion current
(indicating that an increase in polarization resistance
corresponds to a decrease in corrosion current).
Polarization resistance is characterized as the
specimen's resistance to oxidation when exposed to
an external potential. The corrosion rate is directly
associated with R and can be derived from it24.

Tafel slopes

Tafel slopes are a well-established
metric for assessing the rates and mechanisms of
electrocatalytic reactions. Fundamentally, the Tafel
slope quantifies the millivolts (mV) required for a
tenfold increase in current, represented in mV/dec.
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Therefore, a lower Tafel slope indicates a more
efficient catalyst, as it reflects the need for a smaller
overpotential to achieve a higher current density
(Fig. 10). Furthermore, under certain conditions, the
Tafel slope can provide kinetic insights, including
the identification of the rate-determining step®528.
From Table 3 and Fig. 2-9, the following conclusions
can be drawn.

Fig. 10. The meaning of Tafel slope
Corrosion resistance of an apple juice system
The corrosion resistance of an apple juice
system is inferior to that of a water system. This
conclusion is drawn from the observation that in the
apple juice system, the LPR value diminishes while
the corrosion current value rises.

Corrosion resistance of an apple juice+sugar
system (30°C)

The corrosion resistance of a system
comprising apple juice and sugar is lower to that of
a water system. This conclusion is drawn from the
observation that, in the apple juice system, the LPR
value diminishes while the corrosion current value rises.

The corrosion resistance of a system
comprising apple juice and sugar is inferior to that
of a pure apple juice system. This phenomenon
may be attributed to the interaction between sugar
molecules and the active components of apple
juice. Consequently, the quantity of these active
components that reach the Ever Silver surface
is reduced, leading to a decrease in corrosion
resistance.

Corrosion resistance of an apple juice+sugar+ice
system

The corrosion resistance of a system
comprising apple juice, sugar, and ice is inferior to
that of a water system. This conclusion is drawn from
the observation that in the apple juice system, the

LPR value diminishes while the corrosion current
value escalates.

The corrosion resistance of a system
comprising apple juice, sugar, and ice surpasses that
of a system containing only apple juice and sugar.
This improvement may be attributed to the presence
of ice at 20°C, which diminishes the desorption of the
protective film on the Ever Silver surface, in contrast
to the apple juice and sugar system at 30°C.

Inference

The corrosion resistance of Ever Silver
varies across different systems, decreasing in the
following order.

Water>Apple juice>Apple juice+Sugar+
ice>Apple juice+Sugar

Implication

The current study suggests that apple juice
with added sugar should not be stored in Ever Silver
containers. It is advisable to add sugar immediately
prior to consumption.

CONCLUSION

The present study investigates the
feasibility of utilizing Ever Silver cans for the storage
of apple juice that contains sugar and ice. It assesses
the corrosion resistance under different conditions,
including a water system, an apple juice system,
an apple juice system with sugar (5000ppm), and
an apple juice system that incorporates both sugar
(5000ppm) and ice (1 g). A polarization study has
been conducted to evaluate the corrosion resistance
of Ever Silver under particular conditions. The
results suggest that apple juice with added sugar
is not suitable for storage in Ever Silver containers.
It is advised that sugar be added only just prior to
consumption.
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