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ABSTRACT

In different industries Stainless steel corrode in different environments. The various environments can
affect the metal to different extents. The effect of pH and concentration of Aluminium sulphate in aqueous
environment has been studied. The potentiodynamic polarization experiment was carried out at 0.003M,
0.03M and 0.15M concentration with the pH values of 5, 7, 9, 11, and 12.5. Weight loss experiment was
also carried out at 0.003M, 0.03M and 0.15M concentrations. The results from potentiodynamic
polarization technique indicate that when the pH value increases, corrosion potential shifts towards less
negative values. Hence the metal becomes less susceptible to corrosion. Corrosion rate determined from
the corrosion current density was compared with those obtained by weight loss method. From the above
studies, it is observed that the corrosion of stainless steel is decreased with decrease in the concentration
of Aluminium sulphate (0.003M to 0.15M) at constant pH or with increase in pH at constant concentration.
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INTRODUCTION

Passivity of Chromium: Chromium behaves electrochemically similar to irbot certain important
differences exist. The passivation potential ofoahium is substantially lower than that of iron. The
passivating current of chromium is further more attar of a few mA per dmwhereas iron needs about 15-
20 A/ dnf. Chromium therefore passivated much easily tham. i€orrosion rate of chromium in the passive
state is several magnitudes lower than that of iron

Passivity of Stainless Stedl: The fact that chromium and nickel are readily pagsid accounts for these
metals as alloying constituents in stainless sfgethromium content of iron only iron 12-18 % tpassivity
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properties of chromium are approached. The valymsséivation potential has almost shifted from tfaton
to that of chromium. In the passive state, theasion current is about two orders of magnitude lotlvan for

pure iron. The result is an improvement of pasgiaitd corrosion resistance. This means that stargeel
containing even these elements has substantigtigrtmmrrosion resistance in non-oxidizing medid also
more easily transferred to the passive state.

Properties of Passive Film: The passivated oxide film on e.g. stainless stadl Auminium are extremely
thin, usually in the range of 10-100A. The firsgsin the passivation process is probably the ftianaf a
film of chemisorbed oxygen on the metal surface.ifem-Chromium alloys it has been shown that chicom

is enriched in the passive film although iron osidgenerally predominate. For austenitic 18-8 nicket
highest corrosion resistance is obtained at atfiickness of 30-50 A. The oxide film is amorphoasature.
Thicker films are crystalline have a higher ionanductivity and are remarkably less protective. sehthick
films may be considered as hydrated oxides as toeyain up to 30% water, along with oxides of iron,
chromium, nickel and silicdn

Applications include cooking utensils, textiles,ofo processing equipments, exterior architecturel an
equipments for chemical industry, truck tailorsgd &itchen sink& Among all metallic materials the austenitic
stainless steel are the most popular because wfrélatively low cost, ease of fabrication ands@@able
corrosion resistanc@. It is well known that stainless steel suffer frdifferent forms of localized corrosion,
mainly due to the halide ions, sulphate ions antiquéarly chloride ion3?®,

The AISI 304 type stainless steel (SS) containggh bontent and is commonly used engineering nalteri
mainly because of its corrosion resistance. Howévarevents a low surface hardness, a low — |azatibg
capacity and a poor wear resistance. For theseonsadifferent approaches have been developed for
improving the mechanical surface properties of B8 The effect of pH value and static corrosion on the
mass loss is evaluated. The cavitation patterndanghge status of 304-stainless steel in corrogjuedlare
observed’. The effect of alloy sulphur content and bulk salotcomposition of crevice corrosion initiation of
type 304 Stainless steel in neutral chloride mexdiltions was studied, with particular emphasistiosn
solution composition that develops in the occludegion. Nitrate was a far stronger inhibitor foevce
corrosion than sulphate and operated via a meahaaisl other than a supporting effécSensitization of
stainless steel has been posing serious problertise tondustries. Characterizes sensitized surfatedSI
304 Stainless steel using impedance and Tafel poitiion techniqués The performance evolution by
stainless association with corrosion in water aoidl & well as remedies is described along withurut
problems are discusséd

EXPERIMENTAL

Material and Methods: The corrosion behavior ofné¢as steel was studied in an agueous medium. The
corrosion behavior was determined by using potdgtiamic polarization technique and the weight loss
method. The experiments were carried out at differeoncentration ranging from 0.003M to 0.15M
Aluminium sulphate dissolved in deionized watell. &lemicals used were of analytical reagent grade.

ELECTROCHEMICAL POLARIZATION TECHNIQUE

The technigue involves the following steps

Specimen preparation: The rods were cut into electrodes of required site electrode was polished first
with emery paper to smoothen the surface. Therelgetwas then polished with a cloth mounted wheel.
Polishing with the wheel helps to get fine smoaittface. The electrodes were then degreased withamet

An area of one square centimeter on the surfadbeobpecimen was selected and marked. A lacquer was
applied on all the sides of the specimen excepii@narea of one square centimeter and some space fo
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electrical contact. The lacquered specimen waswelioto dry for half an hour and then used for the
polarization studies

Preparation of the required solutions: The following table gives the weight of the sakea for preparing the
solution of corresponding molarity it is listedTable- 1.

Table-1: Solution of corresponding molarity

Molarity (M) Weight of the solute in 1000cc
0.003 0.00099

0.03 0.0102

0.15 0.501

Preparation of buffer solution: The EI digital pH meter model 111E was used to stdjbe pH of test
solution. A tablet of 9.2 pH was added to 100 Mtlefonized water. It was dissolved. This soluticaswsed
to calibrate the pH meter. Then the pH of the de&ition was measured.

Preparation of 0.1% Nitric acid: 1.0 mL of Nitric acid solution was taken and magketa 100 mL in a
standard flask.

Preparation of Sodium hydroxide: 2.5 gm of sodium hydroxide was taken and dissoimedd0 mL deionized
water. Using the above solution of sodium hydroxaflaitric acid the pH of the test solution wasuedgd to
the required pH.

Polarization: In the potentiodynamic polarization studies a thedectrodes cell assembly was used. A
platinum foil was used as the auxiliary electrofleese can extent and uniform potential field onwloeking
electrode. The standard calomel electrode was asetthe reference. The prepared specimen whicheis th
working electrode was immersed in the test solutéken in a dry test cell such that the exposed af®ne
square centimeter is completely immersed in thiesisition. The time of immersion of each specimers
noted. The immersed specimen was left undisturbeéiffy five minutes. After the period of immersiavas
over the open circuit potential of the specimen vexorded. Then the potentiodynamic polarizatiornhef
specimen was carried out. A salt bridge was intcedubetween the test solution and the calomelrelet
which was immersed in saturated potassium chlad#ten in another beaker. The connections were then
made to the specimen and to the counter electrotle twe potentiostat. After the connections were
established the polarization test were carried bott.each value of applied potential the resultngent was
recorded. The logarithm of current was then plotigdinst the corresponding potential. The electotbtal
parameters such as corrosion potentigh§E corrosion current density ), anodic tafel slope gp and
cathodic tafel slope (phave been evaluated from the graph. These reselts analyses to understand the
electrochemical behaviour of stainless steel.

WEIGHT LOSS EXPERIMENT

Specimen preparation: The specimens were prepared in the similar manoethat employed for the
polarization studies. The surfaces of the specirm@re cleaned, polished and smoothened. The skagse
were removed. Before polishing and cleaning theispens were numbered and holes were drilled asmee

of the specimen to hang them in the test solutisimguteflon tape. Before immersion the specimen in
respective solutions, initial weight of the cleamd ary specimen was taken.

Solution preparation: The same procedure as that employed for preparingst#ation in electrochemical
polarization method was employed. The concentratibthe test solutions used were 0.003M, 0.03M and
0.15M Aluminium sulphate dissolved in deionized &vatEach solution was taken in suitable clean, dry
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container. The specimen in duplicate was immersedorresponding test solutions. Each specimen was
examined for color, luster, surface irregularitigsg corrosion products. The duration of the tesibg was

382 hours. They were left undisturbed and werealigwbserved after every 24 hours. After the insiar
period was completed each specimen was taken ot tine solution and washed thoroughly with running
water. They were chemically cleaned and dried witdthanol. The dried specimen was weighed to get the
final weight of the specimen gave the weight Idsthe respective specimen.

RESULTS AND DISCUSSION

Potentiodynamic polarization studies: A plot of potential (V) Vs current density (x20A) gives the
polarization curves at different concentrations different pH valueskig.1 represents the Potentiodynamic
polarization behavior of 304-stainless steel ir0BN Aluminium sulphate dissolved in deionized water

ol
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Fig. 1. Polarization behaviour of 304 Stainless steel i 0.003 I Alviinimn sulphate in
delomized water, at different pH

At 5 pH the cathodic curve is in the potential ramg -0.460 V to -0.29 V. The anodic curve in tletemtial

range of -0.29 V to 0.025 V. The cathode to anoalesfer occurred at a potential of -0.290 V and atirrent
density of 0.009 x IDA. In this system the current density ranges ftb@09 x 16 A to 0.8 x 10° A. At 7

pH the cathodic curve is in the potential range0o480 V to -0.250 V. The anodic curve is in tlatemtial
range of -0.250 V to 0.01 V. The cathode to andnsfer occurred a potential of -0.250 V and atirrent
density of 0.0075 x IDA. In this system the current density ranges fb@075 x 10 Ato 0.7 x 1 A. At 9

pH the cathodic curve is in the potential range0o860 V to -0.200 V. The anodic curve is in theembial

range of -0.200 V to 0.02 V.

The cathode to anode transfer occurred at a pateAtR00 V and at a current density of 0.007 X 20 In
this system the current density ranges from 0.000%A to 1.2 x 1 A. At 11 pH the cathodic curve is in
the potential range of -0.380 V to -0.160 V. Thedia curve is in the potential range of -0.160 \0t03 V.
The cathode to anode transfer occurred at a pateftil60 V and at a current density of 0.0035 X AOIn
this system the current density ranges from 0.0086° A to 0.6 x 1 A. At 12.5 pH the cathodic curve is in
the potential range of -0.315 V to -0.14 V. Thedio@urve is in the potential range of -0.14 V t63V. The
cathode to anode transfer occurred at a poteritiZt-V and at a current density of 0.003 X1 In this
system the current density ranges from 0.003%A® 0.72 x 16 A.

From this graph the electrochemical parameters Hean determined for each system and one listed in
Table -2 observed that as the pH value increases the domrg®tential shifts towards less negative value
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from -0.285 V to -0.125 V. Hence as corrosion po&rbecomes less negative the metal becomes less
susceptible to corrosion. The shift in corrosioteptial for increasing pH value is considerable.eWkhe pH
value increases the corrosion current density dseck from 0.30 x IDA to 0.09 x 10 A. Since the

corrosion current density is directly proportiot@lcorrosion rate, the stainless steel becomesles=ptible
to corrosion at this concentration also as pH valugeases

Table-2: Electrochemical parameters for each system determéd for the graph

Corrosion Corrosion current Anodic Tafel Cathodic Tafel
pH potential density slope slope
(V) (x 10°% (volt/decade) | (volt/decade)

5 -0.285 0.1 0.1780 0.1460
7 -0.245 0.061 0.1810 0.1430
9 -0.180 0.057 0.1850 0.1560
11 -0.150 0.050 0.1860 0.1450
12.5 -0.100 0.045 0.1930 0.1450
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Fig. 2. Polarization behaviow of 304 Stainless steel in 0.03 M Aluninium sulphate in
deionized water, at different pH

Fig.2: Represents the Potentiodynamic polarization behaviaf 304-stainless steel in 0.03M Aluminium
sulphate dissolved in deionized water.

At 5 pH the cathodic curve is in the potential g -0.530 V to -0.350 V. The anodic curve in gatential
range of -0.350 V to -0.06 V. The cathode to antvdasfer occurred at a potential of -0.350 V anc at
current density of 0.025 x FOA. In this system the current density ranges fbf25 x 16 A to 6.1 x 10°
A. At 7 pH the cathodic curve is in the potentiahge of -0.450 V to -0.270 V. The anodic curvenighe
potential range of -0.270 V to 0.05 V. The calthdo anode transfer occurred a potential of -0\2&hd at
a current density of 0.011 x f@\. In this system the current density ranges ftb11 x 16 A to 1.3 x 10

A. At 9 pH the cathodic curve is in the potentiahge of -0.360 V to -0.170 V. The anodic curvenighe
potential range of -0.170 V to 0.12 V. The cathtml@anode transfer occurred at a potential -0.17Zh¥ at a
current density of 0.007 x FOA. In this system the current density ranges f@07 x 16 A to 1.4 x 10 A.
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At 11 pH the cathodic curve is in the potentialgarof -0.280 V to -0.160 V. The anodic curve isthe
potential range of -0.160 V to 0.25 V. The cathtwlanode transfer occurred at a potential -0.1&hd at a

current density of 0.0057 x P0A. In this system the current density ranges f@0057 x 10 A to 1.7 x
10° A. At 12.5 pH the cathodic curve is in the potahtange of -0.350 V to -0.14 V. The anodic curseni
the potential range of -0.100 V to 0.300 V. Thehode to anode transfer occurred at a potentiaDéO\iand
at a current density of 0.0042 x4@. In this system the current density ranges f@0042 x 10 A to

1 x 10° A.From this graph the electrochemical parametensetbeen determined for each system and one
listed inTable- 3.

Table- 3: Electrochemical parameters for each syste determined for the graph

Corrosion Corrosion current | Anodic Tafel Cathodic Tafel
pH potential density slope slope

(V) (x 10°% (volt/decade) (volt/decade)
5 -0.320 0.180 0.1610 0.1100
7 -0.265 0.170 0.1720 0.1350
9 -0.190 0.072 0.1880 0.1810
11 -0.155 0.069 0.1900 0.1400
12.5 -0.105 0.046 0.2000 0.1660

We observed that as the pH value increases thesiomn potential shifts towards less negative véilam -
0.350 V to -0.090 V. Hence as corrosion potentiaddmes less negative the metal becomes less sbteapt
corrosion. The shift in corrosion potential for ieasing pH value is considerable. When the pH value
increases the corrosion current density decreased #.180 x 18 A to 0.046 x 16 A. Since the corrosion

current density is directly proportional to corasirate, the stainless steel becomes less sudeefuib
corrosion at this concentration also as pH valoesi@ses.
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Fig. 3 Polarization behaviowr of 304 Staindess steel in 0.15 Ahuninimin sulphate in
deionized water, at different p¥H

Fig. 3: Represents the Potentiodynamic polarization behaviaf 304-stainless steel in 0.15M
Aluminium sulphate dissolved in deionized water.
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At 5 pH the cathodic curve is in the potential ramd -0.490 V to -0.330 V. The anodic curve in fgential
range of -0.330 V to -0.004 V. The cathode to anwwdesfer occurred at a potential of -0.330 V aha a
current density of 0.01 x T0A. In this system the current density ranges ffbfil x 1 A to 1.1 x 10° A.
At 7 pH the cathodic curve is in the potential rarg -0.460 V to -0.260 V. The anodic curve is e t
potential range of -0.260 V to 0.140 V. The cali to anode transfer occurred a potential of @\2@nd at
a current density of 0.008 x f@\. In this system the current density ranges f608 x 16 A to 1.2 x 1¢
A. At 9 pH the cathodic curve is in the potentiahge of -0.400 V to -0.210 V. The anodic curvenighe
potential range of -0.210 V to 0.190 V. The cathtmlanode transfer occurred at a potential -0.2Enh¥ at a
current density of 0.0058 x £Q\. In this system the current density ranges 8058 x 16 A to 1.2 x 10
A. At 11 pH the cathodic curve is in the potentahge of -0.330 V to -0.150 V. The anodic curvéishe
potential range of -0.150 V to 0.16 V. The cathtml@anode transfer occurred at a potential -0.1%h¥ at a
current density of 0.0042 x £O\. In this system the current density ranges @942 x 16 A to 1.9 x 10
A. At 12.5 pH the cathodic curve is in the potentimge of -0.340 V to -0.130 V. The anodic curyéni the
potential range of -0.130 V to 0.210 V. The cathtmlanode transfer occurred at a potential -0.12h¥ at a
current density of 0.0029 x P0A. In this system the current density ranges fro/®029 x 16 A to
0.9 x 10° A.From this graph the electrochemical parametergtbeen determined for each system and one
listed inTable- 4

Table- 4: Electrochemical parameters for each syste determined for the graph

Corrosion Corrosion current | Anodic Tafel Cathodic Tafel
pH potential density slope slope

(V) (x 10° (volt/decade) (volt/decade)
5 -0.320 0.180 0.1610 0.1100
7 -0.265 0.170 0.1720 0.1350
9 -0.190 0.072 0.1880 0.1810
11 -0.155 0.069 0.1900 0.1400
12.5 -0.105 0.046 0.2000 0.1660

We observed that as the pH value increases thesiomnr potential shifts towards less negative véilam -
0.320 V to -0.095 V. Hence as corrosion potentdmes less negative the metal becomes less soseépt
corrosion. The shift in corrosion potential for ieasing pH value is considerable. When the pH value
increases the corrosion current density decreasea 6.200 x 1§ A to 0.065 x 16 A. Since the corrosion
current density is directly proportional to corasirate, the stainless steel becomes less sudeefuib
corrosion at this concentration also as pH valgesiaises

WEIGHT LOSS EXPERIMENT

The corrosion rate is determined by weight losshimgtwas compared with the values calculated froen th
corrosion current density and are presentelhinie- 5.

At all concentrations both the techniques yield t&ite values in the same order of magnitude. Aghsuie
concentration was increased from 0.003 M to 0.18h#Icorrosion rate increased from ~2 X h@py to 8 x
10" mpy. This clearly indicates that the metal becomese susceptible to corrosion which increasesén t
concentration of Aluminium sulphate in deionizedavaThis is also observed from the corrosion valees
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calculated from corrosion current density. The @sion rate obtained from the corrosion current dgns
relatively less compared to that obtained from Weigss method. This may probably be occurring ttue
excess metal removal while cleaning the corrodesbga All the values are however acceptable anithén
ranges.

Table- 5: Corrosion rate by weight loss method and compareaith the values calculated from the

corrosion current density.

Corrosion Corrosion current Anodic Tafel Cathodic Tafel
pH potential density slope slope

(V) (x10°) (volt/decade) (volt/decade)
5 -0.320 0.180 0.1610 0.1100
7 -0.265 0.170 0.1720 0.1350
9 -0.190 0.072 0.1880 0.1810
11 -0.155 0.069 0.1900 0.1400
12.5 -0.105 0.046 0.2000 0.1660

CONCLUSION

(i) From Potentiodynamic polarization technique:

>

>
>
>

At all concentration of Aluminium sulphate, wheretpH value increases the corrosion potential
shifts towards less negative values.

Similarly when the pH values increases the corrosiorrent density decreases.

At any pH as the concentration increases the domgmtential shifts towards more negative values.

Similarly when the concentration increases theasion current density increases

(i) From weight loss method:

It is observed that, when the concentration in@galse corrosion rate will be increased
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