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ABSTRACT

KEYWORDS

The corrosion inhibition of the annealed 18 Ni 250 grade maraging steel in
0.5 M sulphuric acid by 3,4 dimethoxybenzal dehydethiosemicarbazone
(DMBTSC) has been investigated by Tafel polarization and electrochemi-
cal impedance spectroscopy(EIS) techniques. The effect of concentration
of inhibitor and solution temperature on inhibition efficiency of the inhibi-
tor was studied. DMBTSC inhibits corrosion even at very low concentra-
tion. Polarisation curves indicate mixed type inhibition behavior affecting
both cathodic and anodic corrosion currents. The mechanism of inhibition
is discussed on the basis of an adsorption isotherm, and calculated ther-
modynamic parameters. Adsorption of DMBTSC on the annealed marag-
ing steel surface is in agreement with the Langmuir adsorption isotherm
model, and the calculated Gibb’s free energy values confirm the chemical
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nature of the adsorption.

INTRODUCTION

Corrosion of structural elementsisamajor issue
for any industry because of the chemical environment
of chemical processing. Corrosion Inhibitionisone of
the most important applicationsin corrosion protec-
tion. Inhibitorsprotect the meta by adsorbing onto the
surface and retard meta corrosionin aggressive envi-
ronment. Selecting the appropriate inhibitor for spe-
cficenvironment and metd isof great importance, snce
theinhibitor which protects one particular metal may
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accelerate the corrosion of another. Maraging steels
arespecid classof ultrahigh strength steelsthat differ
from conventiona steelsinthat they arehardened by a
metal lurgical reaction that does not involve carbon™.
They derive high strength from age hardening of low
carbon, Fe-Ni martensitic matrixi?. Recently, theneeds
of highreliable substances of high strength and high
ductility are gradualy increased with the devel opment
of aerospaceindustry. The characteristics of thisgrey
andwhitested are high ductility, formability, high cor-
rosion resistance and high temperature strength, ease
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of fabrication, weldability and maintenance of anin-
variablesize even after heat treatmentt®. According to
availableliterature, atmospheric exposure of 18 Ni
maraging sted |eadsto corrosion in auniform manner
and become completely rust covered®. Pit depthstend
to be shalower than high strength steel§°. Bellanger et
a'® have studied the effect of dightly acid pH with or
without chloridein radioactivewater onthe corrosion
of maraging steel and have reported that corrosion
behavior of maraging steel at the corrosion potential
dependson pH, and intermediatesremaining on ma-
raging steel surfacein the activeregion favoring the
passivity. Theeffect of carbonateionsin dightly alka:
line medium on the corrosion of maraging steel was
determined by G Bellanger!™. Heat treatment affects
corrosion rate. Critical and passive current densities
increase asthe structureisvaried from fully annealed
to fully aged®. Maraging steelsarefound to beless
susceptibleto hydrogen embrittlement than common
high strength stedl sowing to significantly low diffusion
of hydrogeninthem!®. Severa technical papers cov-
ering alloy design, materia processing, thermo-me-
chanicd treatments, wel ding, strengthening mechanisms,
etc., have been published™®. These steels have
emerged as aternative materials to conventional
guenched and tempered stedl sfor advanced technol o-
giessuch as aerospace, nuclear and gasturbine appli-
cations. They frequently comein contact with acids
during cleaning, pickling, descaling, acidising, etc.
Materiasusedin acid environment should have good
corrosion resistance.

Thiosemicarbazones and their derivatives have
continued to be subject of extensiveinvestigationin
chemistry and biology owing to their broad spectrum
of anti-tumor-*2, antimalarial*¥ and many other ap-
plicationsincluding corrosioninhibition of meta §419.,
Theinhibiting action of thiosemicarbazonederivatives
hasbeen mainly attri buted to adsorption of thiocarbonyl
group on the surface of metal. These compounds can
be adsorbed on metal surface through lone pairs of
el ectrons present on nitrogen or sul phur atomsand
also through pi electrons present in these mol-
eculed?" 2, The present work isintended to study the
corrosioninhibition of annealed 18 Ni 250 grade ma-
raging steel in 0.5M sulphuric acid medium using
DMBTSC inhibitor.
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EXPERIMENTAL

Material

Themaraging steel samples(M 250 grade) in an-
nealed condition weretaken from plateswhich were
subjected to solution annealing treatment at 815+ 5°C
for 1 hour followed by air cooling. Percentage com-
position of 18 Ni 250 grade anneal ed maraging steel
samplesisgivenin TABLE 1. Cylindrical test cou-
ponswere cut from the plate and seal ed with epoxy
resin in such away that, the area exposed to the me-
diumis0.503 cm?. These couponswere polished as
per standard metallographic practice, belt grinding fol-
lowed by polishing on emery papers, findly on polish-
ingwheed using levigated d uminato obtainmirror fin-
ish, degreased with acetone, washed with doubledis-
tilled water and dried beforeimmersing in the corro-
sionmedium. Theinhibitor 3, 4 dimethoxybenzal de-
hyde thiosemicarba-zone (DM BT SC) was synthes zed
in one step reaction of 3, 4 dimethoxybenzal dehyde
with thiosemi carbazide™.

TABLE 1: Composition of theannealeded maraging steel
specimen (weight per centage)

Element Composition (%) Element Composition (%)

C 0.015 Ti 0.3-0.6
Ni 17-19 Al 0.005-0.15
Mo 4.6-5.2 Mn 0.1

Co 7-85 P 0.01

Si 0.1 S 0.01

@) 30 ppm N 30 ppm
H 2.0 ppm Fe Balance

Medium

Standard sol ution of sul phuricacid having concen-
tration 0.5 M was prepared by diluting analar grade
98% sulphuricacid by usng doubledistilled water. The
solutionsof inhibitor with2x 10°M, 4 x 10°M, 10*
M, 2x 10“*M, 4x 10*M and 8 x 10“M concentration
werepreparedin 0.5 M sulphuric acid. Experiments
were carried out using calibrated thermostat at tem-
peratures 30 °C, 35°C, 40°C, 45°C, 50 °C (+0.5 °C)

Electr ochemical measurement
1. Tafd polarisation studies
El ectrochemicd measurementswerecarried out by
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using an el ectrochemical work station, Auto Lab 30
and GPES software. Tafel plot measurements were
carried out using conventional three electrode Pyrex
glasscdl with platinum counter electrodeand saturated
cadomd dectrode (SCE) asreferencedectrode. All the
values of potential arethereforereferredto the SCE.
Finely polished composite and base all oy specimens
were exposed to corrosion medium of different con-
centrationsof hydrochloric acid— sulphuric acid mix-
tures at different temperatures (30 °C to 50 °C) and
allowed to establish asteady state open circuit poten-
tid. Thepotentiodynamic current-potentia curveswere
recorded by polarizing the specimento -250 mV ca-
thodicaly and +250 mV anodicaly with respect to open
circuit potential (OCP) at scanrateof 1 mV s™.

2. Electr ochemical impedance spectr oscopy stud-
ies (EIS)

The corrosion behaviors of the specimensof the
composite and the base aloy werea so obtained from
El Stechnique using e ectrochemica work station, Auto
Lab 30 and FRA software. In EIS techniqueasmall
amplitudeacsigna of 10 mV and frequency spectrum
from 100 kHz to 0.01 Hz wasimpressed at the OCP
andimpedancedatawereanalyzed usngNyquist plots.
Thechargetransfer resistance, R, wasextracted from
thediameter of thesemicirclein Nyquist plot.

Indl the above measurements, at least threesmilar
resultswere considered and their averagevaluesare
reported.

RESULTSAND DISCUSSION

Tafel polarization measurement

Thecorrosioninhibition of annedled maraging stedl
wasinvestigatedin 0.5 M sulphuricacid containing vari-
ous concentration of DMBTSC inhibitor at different
temperaturesusing Tafel pol arization technique. Figure
1 represents Tafel polarization curves of the specimen
in0.5M sulphuric acid containing different concentra-
tion of inhibitor under study at 30 °C. The percentage
inhibition efficiency (1E %) wascd culated from expres-
son(2)

|E% = I corr — I corr (inh) %100 (2)

corr
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wherel , andl .. arecorrosioncurrent densitiesin
theabsenceand inthe presenceof inhibitor respectively.
The va uabl e potenti odynamic pol arization parameters
including corrosion potentid (E_, ), corrosion current
(I,,), anodicand cathodic slopes (b, and b ), andinhibi-
tion efficiency (%l E) were cd culated from Tafe plots
andaresummarizedinTABLE 2. Thepolarizationress-
tance (Rp) increased with increaseininhibitor concen-
tration, suggesting ahindranceto chargetransfer reac-
tion (meta dissolution). Thevaueof | _decreaseswith
increaseintheconcentration of inhibitor.
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Figurel: Tafel polarization curvesfor theannealed marag-
ingsted in 0.5M sulphuricacid containing different concen-
trationsDM BT SC.

As can be seen from the data, addition of
DMBTSC decreases the corrosion of the anneal ed
maraging steel sample. Inhibition efficiency increases
withincreasing DEABT concentration. The changein
both the anodic and cathodic Tafel slopes observed
on the addition of DMBTSC indicate that both an-
odic and cathodic reactions are affected by the addi-
tion of inhibitor. The addition of DMBTSC affects
anodic dissol ution of metal and aso thehydrogen evo-
lution reaction at the cathode.

No definitetrend was observedintheshiftof E_
va ues, it can berecognized asan evidencefor themixed
typeinhibition by DMBTSC?2Y, Accordingto Ferreira
and otherd22 | if thedigplacement in corrosion poten-
tial ismorethan +85 mV with respect to corrosion po-
tential of the blank, theinhibitor can be seen asaca-

thodic or anodictype. Thedatainthetablereved that
B Research & Reotews On

A Tudéan Journal



4 DMBTSC as corrosion inhibitor for anneaed 18 Ni 250 grade maraging steel

RREC, 3(1) 2012

Full Paper ==

at lower concentrationsof inhibitor, theshiftinE__ is
very smdl, but theshiftisrdatively largeto thenegative
direction at higher concentration. Thisindicatesthat
DMBSCT actsasamixed inhibitor with predominant
cathodic action at higher concentrations.

Theparald cathodic Tafel curvessuggest that the

TABLE 2: Resultsof tafel polarization studieson annealed
mar aging steel in 0.5 M sulphuric acid containing various
concentration of DMBTSC

hydrogen evolutionisactivation controlled and there-
duction mechanismisnot affected by the presence of
theinhibitors®. Thevauesof b_changed withincrease
ininhibitor concentrationwhich indicatestheinfluence
of DMBTSC onthekineticsof hydrogen evolution. The
shift in the anodic Tafel slope b, may be due to the
sulphate/or inhibitor molecul es adsorbed on the stedl
surface?,

Effect of temperature

Theeffect of temperatureon theinhibited acid-meta
reaction ishighly complex because many changesoc-
cur onthemetal surface, such asrapid etching and de-
sorption of theinhibitor and theinhibitor itself, in some
cases may undergo decomposition and/or rearrange-
ment'®!, However it facilitatesthe cal cul ation of many
thermodynamic functionsfor theinhibition and/or the
adsorption processeswhich contributein determining
thetype of adsorption of the studied inhibitors. Inthe
present study, with increasein solution temperature,
corrosion potential (E_ ) and anodic Tafel slope (b)),
cathodic Tafel sope(b,) valuesarenot affected much.
Thisindicatesthat increasein temperature does not
changethemechanism of corrosionreaction. Thel
and hencethe corrosion rate of the specimen increases
withincreasein temperaturein both blank andinhibited
solutions. Butinhibitioneffidency increaseswithincrease
intemperaturewhichistypica of chemisorption. Ac-
cordingto Singh et @ with increasein temperature
somechemica changesoccur intheinhibitor molecules,
leading to increasein the el ectron densities at the ad-
sorption centersof the molecule, thereby causing an
improvementininhibition efficiency.

Theapparent activation energy (E,) for the corro-
sion processin the presence and absence of inhibitor
can becd culated using Arrheniuslaw equation 327,
In(C.R)=B-(E/RT) ©)
where B isaconstant which dependsonthe metd type
and R is the universal gas constant. The plot of
In(corrosionrate) vsreciprocal of absolutetempera-
ture /T givesstraight linewhoseslope=-E /R, gives
activation energy for the corrosion process. The
Arrheniusplotsfor theannea ed specimenareshownin
Figure 2. The Entropy and enthal py of activation for
thedissolution of aloy, (AH,& AS)) were calculated
from transition statetheory equation 3%,

Tompersture i?n:?@g?ggn T Ve e « 109 %iE

(x10%) (M) (A cm?)

30 0.0 -0.338 0.080 0.046 5.95
0.2 -0.335 0.160 0.070 220 634
0.4 -0.332  0.139 0.093 205 657
1.0 -0.327 0.137 0.097 170 714
20 -0.331  0.127 0.095 123 796
4.0 -0.342 0.092 0.136 1.03 836
8.0 -0.370 0.097 0.122 045 928

35 0.0 -0.339 0.126 0.084 13.04
0.2 -0.331 0.193 0.108 280 783
04 -0.338 0.177 0.097 227 826
1.0 -0.340 0.131 0.103 205 85.0
20 -0.329 0.118 0.103 144 889
4.0 -0.349 0.132 0.132 118 911
8.0 -0.375 0.100 0.132 045 957

40 0.0 -0.336  0.153 0.090 18.50
0.2 -0.336  0.159 0.118 441 795
0.4 -0.331 0.158 0.108 290 849
1.0 -0.335 0.141 0.084 238 877
20 -0.334 0.129 0.111 164 916
4.0 -0.353 0.148 0.128 125 929
8.0 -0.381 0.127 0.139 0.65 947

45 0.0 -0.335 0.136 0.096 23.80
0.2 -0.334 0.142 0.087 393 817
0.4 -0.330 0.103 0.071 343 86.6
1.0 -0.333 0.120 0.100 290 89.0
20 -0.344 0.087 0.073 209 917
4.0 -0.363 0.119 0.144 176 925
8.0 -0.388 0.113 0.124 145 944

50 0.0 -0.336 0.121 0.077 28.50
0.2 -0.331 0.113 0.089 4.07 838
0.4 -0.344 0.098 0.089 3.78 885
1.0 -0.336 0.116 0.084 328 904
20 -0.356 0.128 0.129 233 925
4.0 -0.384 0.113 0.091 217 943
8.0 -0.381 0.134 0.128 130 956
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C.R=(RT/Nh) exp (AS/R) exp (-AH /RT) 4
wherehisPlank’s constant, N is Avagadro’s number.
A plot of In(corrosionrate/T) vs /T givesstraight line
with slope=-AH /R andintercept = In(R/Nh) + AS/
R. Thecalculated valuesof AH_and AS_aregivenin
TABLE 3. Theplot of In(corrosionrate/T) vs /T for
anneal ed samplesof maraging sted invarious concen-
trationsof inhibitorin 0.5 M sulphuricacidisshownin
Figure3.
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Figure2: Arrheniousplotsfor annealed maraging steel in

0.5M aulphuric acid containing different concentrations of

inhibitor.
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Figure3: In(corrosionrate)/T vs /T for annealed maraging
steel in 0.5M sulphuricacid containing different concentra-
tion of inhibitor.

Thecalculated valuesof activation parametersare
giveninTABLE 3.

Thevalueof activation energy (E,) inthe presence
of inhibitor islower thanintheabsenceof inhibitor indi-

= Pyl Paper

TABLE 3: Activation parametersfor the corrosion of an-
nealed maraging stedl in 0.5M sulphuricacid containing dif-
ferent concentration of DMBTSC.

Concentration Ea AH, AS,

(x10™) (M) (kImol™  (kIJmo™ @ moa™
0.0 60.11 5751 -37.27
0.2 30.66 28.06 -144.14
0.4 22.40 19.86 -172.28
1.0 19.39 16.79 -183.73
2.0 22.54 19.94 -176.23
4.0 26.05 23.45 -166.50

cating thepossibility of increasein corroson currentin
the presenceof inhibitor, but corrosion current decreases
inthe presenceof inhibitor. Theremust be changein
mechanism of the corrosion processwheninhibitor is
used. Itisattributed to bedueto the chemical nature of
interaction betweeninhibitor moleculeand thested sur-
face asreported by Lagrenee et al?%. The entropy of
activation in the absence and presenceof inhibitor is
large and negative. Thisimpliesthat theactivated com-
plex intheratedetermining step representsan associa
tion rather than dissociation step, indicating that ade-
creasein disordering takes place on going from reac-
tantsto activated compl ex(=031,

Adsor ption isotherm

Organic corrosioninhibitorsareknown to decrease
metal dissolution viaadsorption onthemetal/corrodent
interfaceto form aprotectivefilm which separatesthe
metd surfacefromthe corrosive medium. Theadsorp-
tion routeisusualy regarded asasubstitution process
between the organicinhibitor in the aqueous solution
[Inh(sol)] and water mol ecules adsorbed at the metal
surface[H,O,,,] asfollows*:

Inhg,, +xHO e Inh  +xHO (5)

wherey representsthenumber water molecul esreplaced
by onemolecul e of adsorbed inhibitor. Theadsorption
bond strength is dependent on the composition of the
metd, corrodent, inhibitor structure, concentration and
orientation aswell astemperature. Basicinformation
on theinteraction between theinhibitor and alloy sur-
face can be provided by adsorptionisotherm. In order
to obtainisotherm, thelinear rel ation between surface
coverage (0) valueand C, . must befound. Attempts
weremadeto fit the é values to various isotherms in-
cluding Langmuir, Temkin, Frumkinandflory- Huggins
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isotherms. By far the best fit isobtai ned with themodi-
fied Langmuir adsorptionisotherm. TheLangmuir iso-
therm for monolayer chemisorption isgiven by equa-
tion (6),

% = % +Cin, (6
where C,_ isthe concentration of inhibitor, K isthe
equilibrium constant for adsorption process, and 0 is
the degree of the surface coveragewhichiscalculated
using equation (7).

_IE%

100 @)
wherelE% ispercentageinhibition efficiency ascal cu-
lated using equation (2).

Thismodel hasalso been used for other inhibitor
systemsg®34. Theplotsof C /6 vsC,  yiddsastraight
linewithintercept /K asshownin Figure4.

0.001
7
= 30°C
35°C
40°c
v 45'C
50°c w
Q
0000 A
00000 00002 00004 00006 0.0008
C (mollL)

Figure4: Langmuir adsor ption isotherm of DMBTSC on
aged maraging steel in 0.5M sulphuricacid at different tem-
peratures.

Thevalues of standard free energy of adsorption
arerelated to K by therelation (8).

K=——_g RT )]

wherethevalue55.5isthe concentration of water in
solutioninM (mol/L), Ristheuniversal gasconstant
and T isabsolutetemperature®¥). Thevauesof AG®__
obtained from adsorption isotherms are depicted in
TABLE 4. Thecorrelation coefficient (R?) wasused to

choosetheisothermthat best fit experimenta datd®!.
Research & Reotews On
e

Thelinear regression coefficientsare closeto unity and
thedopesof straight linesarenearly unity, suggesting
that the adsorption of DMBTSC obeys Langmuir’s
adsorptionisotherm for monolayer chemisorptionand
thereisnegligibleinteraction between the adsorbed
molecules®. Thehighvauesof K for thestudiedin-
hibitor indicate strong adsorption of inhibitor onthed-
loy surface. Negativevaluesof AG® , arecharacteris-
ticfestureof strong Spontaneousadsorption for the stud-
ied compounds, which a so reflect the high values of
inhibition. TheAG®_ valuescalculated from equation
(7) areconsistent with the spontaneity of the adsorp-
tion processand the stability of the adsorbed layer on
thecarbon sted surface. Generdlly theenergy vauesof
-20 kJ/mol or less negative are associated with an
€lectrogtaticinteraction between charged moleculesand
charged meta surface, physisorption, those of -40 kJ
mol or more negativeinvolve chargesharing or trans-
fer fromtheinhibitor moleculesto themeta surfaceto
form acoordinate covalent bond, chemi sorption(=39,
TheAG®_, vauesobtainedfor thestudiedinhibitor on
theanned ed maraging sted surfacein 0.5 M sulphuric
acid are around -40 kJ/mol. Thisis an evidence for
chemica adsorption. Thisobservationiscongstent with
increaseininhibition efficiency with temperatureand
decreasein activation energy in thepresenceof inhibi-
tor; both of these aspectsindicatechemisorption. The
unshared el ectron pairsin sulphur interact with d- or-
bitalsof iron to provideaprotective chemisorbed film
at higher temperature.

A plotof AG®  versusT inFigure5wasusedto

374
=384
-39 S

404

AC i"::__h (kI maol™)

414

42

-43 T T T T =
300 305 310 315 320 325

TX
Figure5: Plot of AG®, _ versustemperatureinK
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calculate heat of adsorption AH®_,_and the standard
adsorption entropy AS®_,_according to thethermody-
namic equation

AG®  =AH° -TAS 9)
TheFigureclearly showsthat the good dependence of
AG®__onT, indicating good correlation among ther-
modynamic parameters. Thethermodynamic dataob-
tained for DMBTSC using Langmuir adsorption iso-
therm arelistedin TABLE 4.

The va ues of thermodynamic parametersfor the
adsorption of inhibitors can provide valuableinforma:
tion about themechanism of corrosoninhibition. While
an endothermic adsorption process (AH®  >0) is at-
tributed unequivocally to chemisorption®?, an exother-
mic adsorption process (AH® < 0) may involveeither
physisorption or chemisorption or amixtureof both the
processes. In the presemted case, the calcul ated val -
uesof AH° ,_of DMBTSC IS 39.239 k Jmol ™ indi-
cating that thisinhibitor can be considered chemically
adsorbed. The AS® _values in the presence of
DMBTSCislargeand positive, meaning that an disor-
dering takes placein going from reactantsto the metal
adsorbed speciesreaction complexy,

TABLE 4: Thermodynamic par ameter sfor theadsor ption of
DMBTSC on annealed maraging steel surface in 0.5 M
sulphuricacid at different temperatures.

Tempozature (X}§04) -A(rsn%ij_slk.] R? Aijads JAnS:S?'Sl
M mol* K*

30 47176 37.229 0.998
35 111562 39.398 0.999 39.23 253.4

40 188228 40.715 0.999

45 227130 41.189 0.999

50 245902 42.389  0.999

Electr ochemical impedance spectr oscopy

Theresults of potentiodynamic polarization ex-
perimentswere with the results of impedance mea-
surements, since EIS is a powerful technique in
studying corrosion mechanism. In order to get more
information about the corrosion inhibition of an-
nealed maraging steel specimensin0.5M sulphuric
acid containing DMBTSC, EIS measurementswere
carried out at different temperatures and they are
displayed as Nyquists plotsin the present study. The
Nyquist plots obtai ned for anneal eded sampl es of

= Pyl Paper

maraging steel specimensin 0.5 M sulphuric acid
contai ning various concentrations of DMBTSC are
asshown in Figure 6 and Figure 7 respectively. The
impedence spectra contains a high frequency ca-
pacitive semicircle and low frequency inductiveloop
asshownin Figure5. Theimpedance spectrain the
presence of different concentration of DMBTSC are
similar in shapewith only high frequency semicircle
whose diameter increaseswith increasein inhibitor
concentration. Thetime constant at high frequency
has often been attributed to formation of surfacefilm
or the surfacefilmitsel 243, Theinductiveloop on
the other hand has been attributed to a surface or
bulk relaxation process or to a dissolution pro-
cess*49l, |n the present casethelow frequency in-
ductive loop observed only in the uninhibited acid
medium,can be attributed to the surface dissolution
process. The fact that thisinductive lop can not be
observed after the addition of inhibitor supportsthis
view. DMBTSC inhibitscorrosion by inhibiting the
dissolution of metal primarily through itsadsorption
on the metal surface*.

Theimpedance spectrafor anneded maraging stedl
in0.5M sulphuric acid without inhibitor wasanalysed
by fitting the experimental datatotheequivaent circuit
model asgivenin Figure 6 which hasbeen used previ-
oudly to modd iron/acid interface*®4. Theimpedance
spectrawith inhibitor was analyzed by fitting the ex-
perimental datato theequivaent circuit mode asgiven
in Figure 7 which has been used previously to model
iron/acidinterface®®. The point of intersection between
inductiveloop andthereal axisrepresents(R.+R ) R
represents sol ution resistance dueto theohmicresis-
tances of corrosion product filmsand the solution en-
closed between theworking el ectrode and therefer-
enceelectrode. R, representsthe chargetransfer re-
sistancewhosevalueisameasure of el ectron transfer
acrossthe surfaceandisinversaly proportional to cor-
rosionrate*?. The constant phase d ement isintroduced
inthecircuit instead of pure doublelayer capacitor to
give more accurate fit™. Theimpedance of CPE is
expressed as,

1
“ore =V, Gy

where isthe magnitude of the CPE, -1<n<1. The
B Research & Reotews On
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HF loops have depressed semicircular appearance,
0.5<n<1, whichisoften referred to asfrequency dis-
persion as a result of the heterogeneity or rough-
nesg4648l.

The corrosion current density | can be cal cu-
7 &
58
4
N = -. .l
n n
| ] [ ]
14 . -
o/ j 3
. l._f
23456789 DN

Zidin
Figure6: Nyquist plotsfor annealed maraging steel speci-
men 0.5M sulphuricacid without inhibitor
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M sulphuricacid with inhibitor.

lated using chargetransfer resistanceR , using Stern-
Geary equation 949,

babc

| =
@ = 2303AR, (b, +b,) (1)

Thechargetransfer resistance R, and double layer ca-
pacitance C, were determined by the analysis of
Nyquist plot and their valuesaregivenin TABLE5.
TheR , valuesobtained from Nyquist plot arein good
agreement with R vauesobtained from Tafel polariza:
tionwhichisan evidencefor the cons stency between
thetwo methods. Thevaluesof R increaseswithin-
creaseininhibitor concentration and theresultsindicate
that chargetransfer processmainly control sthecorro-
Sion process.

Thedoublelayer capacitancesC,, for acircuitin-
cluding CPE werecd culated from thefollowing equa
tion>Y;

C, =Y, w, ™ (12)
wherew  =2nf . f_ isthefrequencyatwhichthe
imaginary component of theimpedanceis maximal.
According to the expression of the doublelayer ca-
pacitance presented inthe Helmholtz model 2.

g€
Cy= TOS (13

wheredisthethicknessof thefilm, S, the surface of
theelectrode, ,the permittivity of theair and eisthe
local dielectric constant. The value of C, decreases
dueto adsorption of inhibitor molecules, which dis-
places water molecules originally adsorbed on the
maraging steel surface and decreasesthe active sur-
facearea. Thevaluesof doublelayer capacitance de-
creaseswithincreaseininhibitor concentrationindi-
cating that inhibitor moleculesfunction by adsorption
at the metal/ solution interface, leading to protective
filmonthealloy surface, and then decreasing the ex-
tent of dissolution reactionf>.
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TABLE 5: ElIS data of annealed maraging steel in 0.5 M
sulphuricacid in absenceand presenceof different concen-
trationsof inhibitor DM BT SC.

Temperature Concentration of R Cua
(°c) inhibitor (x10%) (M) (chm) 10°%F
30 0.0 14.7 268

0.2 75.0 149
0.4 83.0 74
1.0 90.3 38
2.0 131.0 25
4.0 169.0 17
8.0 368.0 2
35 0.0 12.0 307
0.2 67.9 160
0.4 73.0 86
1.0 85.0 48
2.0 115.0 14
40 150.0 23
8.0 343.0 33
40 0.0 9.0 431
0.2 58.0 125
0.4 65.0 76
1.0 80.2 28
2.0 90.4 17
4.0 178.0 5
8.0 389.0 1
45 0.0 7.6 444
0.2 48.3 81
0.4 63.0 41
1.0 78.0 67
2.0 102.0 18
40 243.0 5
8.0 346.0 3
50 0.0 53 612
0.2 45.0 122
0.4 55.0 123
1.0 82.0 58
2.0 100.0 13
40 146.0 6
8.0 328.0 4

Scanning electr on microscopestudies (SEM)

The scanning e ectron microscopeimageswerere-
corded to establish theinteraction of acid mediumwith
and without inhibitor on themetal surfaceusing JEOL
JSM-6380LA anaytica scanning e ectron microscope.
The surface morphol ogy of the annea ed sampleswas
examined by SEM immediately after corrosiontestsin
0.5M H,SO, medium. The SEM image of corroded
annealed samplein Figure 8 shows degradation of al-
loy. Figure9 represents SEM image of the sample after
the corrosion testsinamedium of 0.5M sulphuricacid
containing DMBTSC, which clearly showstheadsorbed
layer of inhibitor moleculeson theall oy surfacethus

= Pyf/ Paper
protecting themeta from corrosion.

Figure8: SEM image of corr oded annealed mar aging steel
after immersionin 0.5M sulphuricacid

Figure9: SEM image of the aged mar aging steel, after im-
mersionin 0.5M sulphuricacid containing DMBTSC

CONCLUSON

Inthiswork, potentiodynamic polarization and elec-
trochemical impedance methods are used to evaluate
theability of DMBTSC toinhibit corroson of annedled
maraging sted in 0.5M sulphuricacid. Theconclusons
are,

1. Thecorrosonof annedleded maraging steel in0.5
M sulphuricacid issignificantly reduced by the ad-
dition of DMBTSC even at |ow concentration of
inhibitor, theinhibition efficiency increaseswithin-
creaseininhibitor concentration.

2. DMBTSC actsasmixed typeinhibitor, affecting
both anodic and cathodic reactions.

3. Theadsorption of DMBTSC on annealed marag-
ing stel surface obeysLangmuir’s adsorption iso-
therm model for monolayer chemosorption..

4. Thenegativevalue of AG®__obtained from this
study indi catesthat these compounds are adsorbed
spontaneoudy onthesample. Theca culated Gibb’s

— Research & Reotews On
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freeenergy of adsorption and enthal py of adsorp-
tion confirmsthechemica nature of theadsorption.
5. SEM imagesreved ed protection of aloy surface
by DMBTSC in sulphuric acid medium.
6. Theinhibition efficiency obtained from potentio-
dynamic polarizationand ElStechniquesareinrea:
sonably good agreement.
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