ISSN : 0974 - 7540 Volume 5 | ssue 2

Research & RKeviews On

— Pyl Paper

RREC, 5(2), 2014[25-35]

A novel and innovative method for reduction of mild steel
corrosion in water by activated carbon from prosopis juliflora
N.Zulfareen, K.Kannan, T.Venugopal*

Department of chemistry, Gover nment college of engineering, Salem 636 011, (USA)
E—mail : t.venu@yahoo.co.in

ABSTRACT KEYWORDS
The activated carbon (prosopis juliflora) is used to reduce the amount of Activated carbon;
dissolved oxygen present in water. This prevents the rate of corrosionin Mild steel;

industrial water supply. Experiments were carried out by changing the
temperature and pH. The amount of dissolved oxygen removal is high as
the mass of activated carbon increases. The inhibition efficiency of mild
steel iscalculated by weight loss, polarization and impedance techniques
indigtilled water. Theinhibition efficiency at room temperature was 72.95%
and for 60°C theefficiency was 86.88% in 100ml distilled water for 300 mg
of prosopis juliflora. When the pH increases the activated carbon be-
comes more effective. The inhibition efficiency reported in weight loss
method was 74.59% in 100 ml distilled water for 300 mg of prosopisjuliflora
at pH=3. In basic conditions inhibition efficiency was 87.70% in 100 ml
distilled water for 300 mg of prosopisjulifloraat pH=12. The inhibition
efficiency increases with increase in the mass of activated carbon. The
surface morphology was carried out by FT-IR and SEM techniques. The
adsorption of activated carbon follows Langmuir adsorption isotherm.
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Dissolved oxygen;
ProsopisJuliflora.

INTRODUCTION

Mild steel isused asaconstructional materia in
industries, infabrication reaction vessds, storagetanks,
petroleum refineries, petro chemical processdevices,
boiler drums, flow lines, transmission pipeineand heet
exchangers™®. Theusage of mild sted ismorebecause
of mechanical properties, high susceptibility and low
cost. Acidic solution is widely used in industry for
pickling, desaling, cleaning, oil well acidifying etc.
Because of strong corrositivity in acidic solution, mild
steel undergoes dissolution in acidic medium. The

corrosion of metalsis scientific problemintheworld.
To prevent corrosion, certain organi c compounds as
inhibitors are introduced in corrodent systemf®.
Application of corrosioninhibitor ismost economical
and practical method to mitigate electrochemical
corrosion. Corrosioninhibitorsusualy have el ectron—
rich elements such as Nitrogen, Oxygen, Sulphur,
Phosphorousand aromatic rings.

Theactivated carbon isan excellent adsorbent
duetoitshighsurfaceareaand porosity!*9. Theactivated
carbon which is used must be non-toxic and eco-
friendly!®. It absorbs colour, odour, taste, dissolved
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Figurel: FT-IR spectrumfor Activated carbon
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Figure2b : SEM micrograph of Activated carbon 50 um mesh
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Figure3a: Potentiodynamic polarisation curvesof ProsopisJuliflorafor mild steel in distilled water at 60°C
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Figure3b : AC impedance curvesof ProsopisJuliflorafor mild steel in digtilled water at 60°C
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Figureda: Potentiodynamic polarisation curvesof ProsopisJuliflorafor mild steel in distilled water at room temperature
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Figureb5a: Potentiodynamic polarisation curvesof ProsopisJuliflorafor mild steel in digtilled water at pH =3
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Figure5b : AC impedancecurvesof ProsopisJuliflorafor mild sted in distilled water at pH =3
probleminindustriesisthedissolved oxygen presentin Therearetwo maintypesof carbon activation
water which enhancestherate of corrosion. Thiscan  procedure - physical and chemical. In the physical
beminimised b)/ adding the activated carbon. activation process- pyrolysisof thecompound isdone
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Figure 6a : Potentiodynamic polarisation curves of Prosopis Juliflora for mild steel in distilled water at pH = 12
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Figure6b : AC impedance curvesof ProsopisJuliflorafor mild sted in distilled water at pH =12
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Figure7a: Langmuir adsor ption isotherm for mild steel in distilled water with ProsopisJulifloraat room temperature
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Figure7b: Langmuir adsor ption isotherm for mild stedl in distilled water with ProsopisJulifloraat 60°C
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Figure7d: Langmuir adsor ptionisotherm for mild steel in distilled water with ProsopisJulifloraat pH=12
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TABLE 1: Weight loss“W and inhibition efficiency (n %) for mild steel in distilled water with activated carbon at room
temperature

Mass of activated carbon 100 ml Distilled water 200 ml Digtilled water 300 ml Digtilled water
C] C] C]
(m9) m 2 O vy mg PO 0 T % mg oo 0 b e
Blank 122 48 - - - 110 6.2 - - - 90 9.8 - - -
100 37 38 06967 0.3611 69.67 40 4.9 0.6363 0.2429 63.63 42 6.4 0.5333 0.0579 53.33
200 35 31 07131 0.3954 7131 39 45 06454 02600 64.54 39 51 0.5666 0.1163 56.66
300 33 26 0.7295 04308 7295 35 4.1 0.6818 0.3309 68.18 36 4.6 0.6000 0.1760 60.00

TABLE 2: Weight lossAW and inhibition efficiency (y %) for mild steel in distilled water with activated car bon at 60°C

Mass of activated carbon 100 ml Distilled water 200 ml Distilled water 300 ml Distilled water

AW 0 o ILE AW o I.LE AW o I.E
m DO 15— DO o log— DO o loF—
(mg) (mg) T (%) (mg) (%) (mg) T (%)
Blank 122 3.2 - - - 110 4.0 - - - 90 6.0 - - -
100 19 2.9 0.8442 0.7338 84.42 26 3.8 0.7636 0.5092 76.36 32 4.1 0.6444 0.2581 64.44
200 18 2.4 0.8524 0.7615 85.24 24 3.2 0.7818 0.5542 78.18 31 3.2 0.6555 0.2793 65.65
300 16 1.8 0.8688 0.8209 86.88 20 2.8 0.8181 0.6529 81.81 29 2.0 0.6777 0.3227 67.77

TABLE : 3Weight lossAW and inhibition efficiency (n %) for mild steel in distilled water with activated carbon at pH =3

Mass of activated carbon 100 ml Distilled water 200 ml Distilled water 300 ml Distilled water
i) :] Gl
o mH D0 O = oy mg) PO 0 vy mg PO 0 e v
Blank 122 36 - - - 110 4.2 - - - 90 53 - - -
100 34 29 0.7213 0.4129 72.13 38 3.9 06545 0.2774 6545 40 4.9 05555 0.0968 55.55
200 32 24 0.7377 04490 73.77 36 3.6 06727 0.3128 67.27 37 4.4 05888 0.1559 58.88
300 31 1.8 0.7459 0.4676 7459 33 3.0 0.7000 0.3679 70.00 35 3.8 0.6111 0.1962 61.11

TABLE : 4Weight lossAW and inhibition efficiency (n %) for mild steel in distilled water with activated carbon at pH =12.

Mass of activated carbon 100 ml Distilled water 200 ml Distilled water 300 ml Distilled water
] ] ]
m9 ) PO P g mg 0 0 le— gy mg PO 0 ke gy
Blank 122 50 - - - 110 53 - - - 90 57
100 18 46 0.8524 0.7615 8524 23 39 0.7909 0.5777 79.09 27 33 0.7000 0.3679 70.00
200 17 42 08606 07905 8606 21 28 0.8090 0.6269 80.90 25 2.6 0.7222 04149 72.22
300 15 32 08770 08530 8770 19 22 0.8272 0.6800 8272 24 21 07333 04392 7333

TABLE 5: Corrosion parametersof mild steel in ditilled water with ProsopisJulifloraby potentiodynamic polarisation
method at 60°C

Tafel slopes (mV/dec)

Mass of activated carbon (mg)  Ecorr (MV) | corr (nA/em®)  Inhibition efficiency (%)

ba bc
Blank 236 97.4 84.1 1246.0 _
100 314 130.1 453 204.20 76.38
200 306 1287 51.6 268.10 7848
300 372 1186 60.2 208.01 83.30
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either using acid as dehydrating agent or by using
compounds of Zn, Ni or Cd. The acid used may be
sulphuric acid, phosphoric acid etc., Chemica method
has its own advantage over the physical methods,
activated carbon prepared from the physical methods
has functional group which can interact with the
adsorbate and also the surface area of the activated
carbonisaso superior thanthat of theactivated carbon
doneby pyrolyss. The application of agaseous stream
such as air, nitrogen or argon is carried out which
generates abetter devel opment of materias porosity.
Inthiswork the activated carbon is prepared from the
seedsof Prosopisjulifloraby dehydratingwith sulphuric
acid.

EXPERIMENTAL PROCEDURE

Prepar ation of activated carbon

25qg of sieved samplesof Prosopisjuliflora(Tamil
name- velikathan) were soaked in 50 ml of sulphuric
acid (theratio being 1:2) for 24 hours with constant
stirring in afume hood. Theliquid portion wasthen
decanted carefully and the solid portion arethen taken
inaceramic hood and heated to 160°C inanair oven
for 24 hours. Thetemperature of theovenisincreased
by 5°C every 15 minutes. The massisthen thoroughly
washed withwater until thefiltrate pH coincided with
distilled water pH used. Washed activated carbonis
thendried at 105°C for 1 hour. Theactivated carbonis
then stored in cool dry place (desiccator) for further
andyss.
Specimen preparation

Mild steel having acomposition of Fe: 99.75%,
Mn: 0.01%, Cu: 0.01%, Si: 0.02%, P: 0.02% and C:
0.18%isusedinthiswork. Thespecimensof dimension
5 cm 1.5 cm width are used. The specimens were
polished using 1/0,2/0, 3/0 and 4/0 grade emery papers
and pickling sol ution were used to wash themild stedl
till themetal isclear and washed with distilled water,
acetoneand kept in oven, for immediate usage.

Batch studies

Batch studieswere preformedin aclosed plastic
container (500 ml capacity) with 100 ml, 200 ml and
%OO ml ‘dgwed watg. Different adsorbent masswere

esearc eolews

&

alsoused (0.1g, 0.2g and 0.3g). Constant shaking of
the solution wasdoneusing orbita shaker at therate of
150 rpm. The constant temperature throughout the
experiment was maintained at 45°C. Thesamplesare
shaken for 1 hour and then the supernatant liquid is
filter asdiscussed earlier. pH of the solutionwasaso
adjusted with IN HCI and 1N NaOH. A blank was
also carried out by shaking distilled water without
activated carbon.

Weight lossmethod

Mild stedl isused here because the percentage of
ironismoreinmild stedl, which enhancesthecorroson
rateinindustries. Here by adding activated carbon the
dissolved oxygen present in water isreduced and rate
of corrosionis minimised. Weight loss methods are
carried out by weighing the specimensbeforeand after
immersionin (100 ml, 200 ml and 300 ml) solutionsfor
2 hoursintheabsence and presenceof activated carbon.
Fromtheinitia and find massof thesped men, theweight
loss was calculated. From this weight loss value,
inhibition efficiency (IE) and corrosion rate were
determined*8,

Electrochemical studies

Thesurfaceof eectrodeisprepared by takingmild
sted specimen of an areaof 1 cm and embedded with
Teflon coating. The coated mild steel was polished
with1/0, 2/0, 3/0 and 4/0 grade emery papers and
degreased with acetone before usage.

Electrodecell assembly

Electrochemical workstation Model 600 D Series
wasused for polarization and AC Impedance studies.
Three electrode systems was used for this purpose,
Fatinumdectrodeactsasaauxiliary eectrode, saturated
calomel electrode (SCE) act asareference el ectrode
and mild stedl of an areaof 1cmwas used asworking
electrode.

Procedur eand calculation

In Electrochemical workstation Tafel and
Electrochemical Impedance (El) was carried out and
the readings were recorded for polarization and
impedance, for water treated with and without activated
carbon, from thisvaluesthe percentage of inhibition
efficiency wascd cul ated?
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TABLE 6: AC impedance par ameter sfor corrosion of mild
steel in distilled water with prosopis Juliflora at 60°C

M ass of activated Rat Ca Inhibition
carbon (mg) (Qem?  (uF/em®  efficiency (%)
Blank 70.60 51.18 -
100 72.31 44.33 84.42
200 90.65 40.26 85.24
300 98.42 39.04 86.88
AW, - AW,
LE (or)n % = x 100
AW,
Where,

AW, =Weight lossof themetd indistilled water without
activated carbon.
AW, =Weight lossof themeta in distilled water with
activated carbon.

AW, - AW ;

AW,
Where,
The degree of surface coverage 6 by inhibitor can be
caculated ag?.
Where,
AW, =Weight lossof themetd indistilled water without
activated carbon.
AW, =Weight lossof themetal in distilled water with
activated carbon.

Temperatureand pH

Experiment was carried out with two different
temperature and pH. pH of the water sample were
maintained at 3 and 12. Temperature was maintained
with a thermostat at 60° C and 25°C (room
temperature).

Dissolved oxygen

Three methodsthat were most commonly used to
measure the dissolved oxygen (DO) present in water
are colorimetric, titrimetric and pol ographic method. In
thiswork titrimetric method isused because col orimetric
method may show someirregular resultsanditisvery
rapid, they are used for screeninglow oxygen content.
In polographic method large amount of samplesis
required withinashort period. Winkler method isused
for measuring theamount of dissol ved oxygen present

= Pyl Peper
inthewater sample.

SURFACEANALYSIS

Theactivated carbonischaracterized by SEM and
FT-IR (LambdaFT-IR-7600). The Fourier Transform
Infrared spectroscopy picture of activated carbonis
showninFigurel. InFT-IR asharp peak isobtained
at awavelength 159971, Thisindicatesthat thereisan
asymmetric COand NO dtretching. Thescanningdectron
microscope picture of the activated carbon at 500
micrometer and a 50 micrometer isshownin Figure2a
and 2b.The SEM imagesclearly differentiatethe effect
of thesizeof theactivated carbon.

RESULTSAND DISCUSSION

Weight lossmethod at room temperature

The amount of dissolved oxygen decreaseswith
increase in amount of activated carbon at room
temperature. Dissolved oxygen, inhibition efficiency and
surface coveragewith variousmassof Prosopisduliflora
indistilled water at room temperaturewereshownin
TABLE 1. It indicates that the inhibition efficiency
increases with increase in the mass of the activated
carbonusedinthebatch gudies. Themaximuminhibition
efficiency of Prosopis Juliflorawasfoundto be 72.95%
in100 ml digtilled water for 300 mg of prosopisjuliflora
at room temperature. Thiscan be attributed to thefact
that thereisadecreasein thedissolved oxygen for that
solution.

Weight lossmethod at 60°C

As the temperature increases the amount of
dissolved oxygen content is less compared to room
temperature. With increasein the temperature there
would belessdissolution of oxygeninthewater. The
inhibition efficiency, surface coverage and dissolved
oxygen for mild steel with various mass of prosopis
julifloraindigtilledwater & 60°C wereshownin TABLE
2. Themaximuminhibition efficiency of prosopisjuliflora
was found to be 86.88% at 60°C in 100 ml distilled
water with 300 mg of prosopisjulifloraat 60°C . It
clearly indicates that with temperatureincrease, the
corrosion decreases and the di ssol ved oxygen present
indistilled water al o decreases.
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Weight lossmethod at pH=3

Inacidic medium theremova of dissolved oxygen
is less but there is a change in value of inhibition
efficiency and surface coverage for various mass of
prosopis juliflorain distilled water. The inhibition
efficiency increaseswith repect tothemass of activated
carbon. The maximum nhibition efficiency of prosopis
juliflorawasfound to be 74.59% in 100 ml distilled
water for 300 mg of prosopisjulifloraat pH=3. The
inhibition efficiency and surface coverage of mild stedl
withvariousmassof prosopisjuliflorain distilled water
a pH=3isshowninTABLE 3.

Weight lossmethod at pH =12

In basic medium theremovd of dissolved oxygen
ismore. Whilecomparing dl thesemethodstheactivated
carbonismoreeffectivein basic medium rather than
acidic medium. Theinhibition efficiency increaseswith
respect tothemassof activated carbon. Themaximum
inhibition efficiency of prosopisjuliflorawas87.70%in
100 ml distilled water for 300 mg of prosopisjuliflora
at pH = 12. The inhibition efficiency and surface
coverage of mild steel with various concentration of
prosopisjulifloraindistilled water at pH =12isshown
inTABLE 4.

L angmuir adsor ptionisotherm

Langmuir adsorptionisothermisused to study the
characteristics of activated carbon. The adsorption
behaviour of activated carbon on mild steel isused to
understand theinhibition mechanism of corrosion. The
plotsof log[0/(1- 0)] vslog Cyield astraight lineand
provided theinformation that theadsorption of Prosopis
Julifloraon mild steel surfacein distilled water. The
Langmuir adsorption isothermwas cal culated by using
theequation.
log [0/(1- 0)] =log A +log C — [Q/2.303RT]

A gtraight lineisobtained by plottinglog[0/(1- 6)]
versuslog C,where A is atemperature independent
constant, Cisthe bulk concentration of theinhibitor
(percentage) and Q is the heat evolved during
adsorption. The plot wasshownin Figure 7a, 7b, 7¢
and 7dwith different massof activated carbon by varying
thetemperatureand pH. Itisobserved that asthemass
of activated carbon increasesthevaueof log [6/(1- 0)]

asoincreaseswhichindicatesthat therate of corrosion
Research & Reotews On

Isdecreased.
Potentiodynamic polarisation studies

As the mass of activated carbon increases the
amount of dissolved oxygen decreases. Polarisation
curvesof mild sted in distilled water with and without
activated carbon at different temperaturesand pH was
shown in Figure.3a, 4a, 5a and 6a. Corrosion
parameters such ascorrosion potential, anodic Tafel
dopeand cathodic Tafel dope, corrosion current and
inhibition efficiency werecalculated. It impliesthat,
addition of activated carbon to water, shiftstheanodic
polarisation to more positive and cathodic to more
negativevalues. It indicates that addition of activated
carbon reduces both anodic and cathodic processand
theadded activated carbon act asmixed typeinhibitor.

INTABLEDS, thelcorr vauesdecreasewithincrease
inmass of activated carbon with shift of E_ tomore
negative potentid. Thisindicatesthat, activated carbon
Prosopis Juliflorawhi ch decreasesthe dissol ved oxygen
content suppresses cathodic reaction predominantly
than anodic process. Themaximum inhibition efficiency
of ProsopisJuliflorainhibitor wasfound to be83.30%
in 300 mg of prosopisjulifloraat 60°C. Theinhibition
efficiency of Prosopis Juliflora obtained from the
polarisation method is good compared with the
inhibition efficiency obtained from the weight loss
method.

AC Impedancestudy

Theopencircuit potentia for mild sted indistilled
water with and without activated carbon at different
temperaturesand pH was shown in Figure.3b, 4b, 5b
and 6b. Impedance parameters derived from Nyquist
plotsweregivenin TABLE 6. Fromthe TABLE, itis
observed that the value of chargetransfer resistance
(R,) increasewithincreasein massof activated carbon.
But theva ueof doublelayer capacitance(C,) decreases
with increase in the mass of activated carbon. The
inhibition efficiency isincreased withincreasein mass
of activated carbon. Themaximuminhibition efficiency
of ProsopisJuliflorawasfound to be 86.88 %in 300
mg of prosopis juliflora at 60°C. The impedance
diagram for solutions have almost semicircular
appearance, it indicatesthat the corrosion of mild steel
is mainly controlled by dissolved oxygen which

. -
A Tudéan Journal



RREC, 5(2) 2014

T.Venugopal et al. 35

decreaseswithincreaseinthe massof activated carbon.
Theinhibition efficiency obtained from AC impedance
method is in good agreement with the inhibition
efficiency obtained from polarisation and weight loss
method.

CONCLUSIONS

Theremoval of dissolved oxygen issuperior by
increasing the mass of activated carbon Prosopis
Juliflora because the activated carbon acts as an
adsorbent which reducestherate of corrosion.

At room temperature the amount of dissolved
oxygen present in water is more compared to 60°C.
The inhibition efficiency at room temperature was
72.95%in 100 ml distilled water for 300 mg of prosopis
julifloraand for 60°C the efficiency was 86.88% %in
100 ml distilled water for 300 mg of prosopisjuliflora
Thisclearly indicatesthat, when temperatureincreases
inhibition efficiency adsoincreasesdueto decreasein
dissolved oxygen content.

When the pH increases the activated carbon
becomes more effective. The maximum inhibition
efficiency reported in weight loss method was 74.59%
in100 ml digtilled water for 300 mg of prosopisjuliflora
at pH=3. Inbasic conditionsinhibition efficiency was
87.70%in 100 ml ditilled water for 300 mg of prosopis
julifloraat pH=12. Thisindicatesthat the activated
carbon works better under basic medium rather than
acidicmedium.

Increase in the amount of prosopis juliflora
decreasesthel  vaueswithshift of corrosion potentia
to more negative, whichindicates Prosopis Juliflora
behaves as cathodic type inhibitor. The maximum
inhibition efficiency obtained inthismethod was 83.30
% in 300 mg of prosopisjuliflora

Thevaueof chargetransfer res stance obtained by
AC impedance method wasincreased withincreasein

= Pyl Peper

theamount of Prasopisduliflora Themaximuminhibition

efficiency obtainedinthismethodis86.88 %in300mg

of prosopisjuliflora

The added activated carbon follows Langmuir
adsorption isotherm which indicates that the rate of
corrosion isdecreased.

Inhibition efficiency obtained from AC impedance
study, Potenti odynamic polarisation method wasfound
to be good compared from conventiona weight loss
method.
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