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ABSTRACT

The inhibitory effect of PASAC1, PASAC 11 and PASKEZXon the corrosion behavior of brass in
cooling water system at temperature of 25°C wasdiestu by potentiodynamic polarization,
electrochemical impedance spectroscopy (EIS)JIR spectroscopyand metallurgical microscopy
techniques.In the present paper, three types of organic intidi obtained by radicalic
polymerization, i.e., PASACfurea and maleic anhydride at motapport1:1.5 at temperature
of 14PC), PASAC 11 (polyaspartic acid angR0,; molar ratio 10.05 at temperature of 1%0),
PASAC13 (polyaspartic acid 0.07M andR@,, gravimetric ratio 1/1.5 with trisodium citrate at
temperature of 20C) was selectedThe result ofthese polymersconcentration oninhibition
efficiency, the corrosion rate andurface coverage is investigated. Results show ttiege organic
inhibitors exert a strong inhibiting effect on tsasorrosion and acts as a mix-type inhibitor. The
inhibition efficiency of organic polymers may beedto either the adsorption of inhibitor molecules
building a protective film or the formation of amspluble complex of the inhibitor adsorption ob#ys
Langmuir model. Further, characterization usinglRTdemonstrates the adsorptionao§anic inhibitors
and thedevelopmenbf corrosioncompoundsat brass surface. EIS results confirm its corrosidrigittion
ability.
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INTRODUCTION

Adding of an inhibitor to the electrolyte is knowas one method of inhibiting corrosion. Many
studies on the addition of inhibitors have beenedimthe field of copper and brass corrosion
inhibition in the different environments. Some @shes [1-5] have reported the inhibiting
effects of alkyl amines, phenyl-alkyl amines, insrgerivatives and polymer inhibitors. Among
all the inhibitors the most important are the oigames, also called adsorption inhibitorsey



check the corrosion action on the cathodic or anoelsponse or both of thehen they are
presenting sufficient concentration, they usualigc the whole metal surface and therefore
they cannot be called anodic or cathodic inhibitditserefore,the interactionof polymer and
metal surface can be proved by adsorption isottarhin general, inhibitors can function either
by physical adsorption or chemisorption with thetahe[5-9]

Wet corrosion is a manifestation of the significanof electrochemistry and
electrochemical adsorption in environmental degiadaof industrial materials [6-10]. Electric
field-assisted mechanisms of corrosion initiatiorogesses involve a local penetration or
degradation of passive films by activating ions/an@ coordination of surface metal sites by
such ions. These interfacial events facilitate aliggon of metals, ultimately leading to
corrosion. Conversely, adsorption/incorporation @brrosion inhibitors may prevent
environmental corrosive attacks on the surface site

Metals corrosion in water —conveyisgstem such as cooling water circuits is of major
concern in industrial applications. In order to m@se corrosion of pipes, heat exchangers
corrosion inhibitors are widely applied [9-1%.is well known that, in all the cases of cooling
water systems at the metal/water interface cordgppear frequent corrosion processes which
determine deposition of corrosion products, likalss. Due to the scales formation the heat
exchange becomes more difficult, that disturbsnitrenal function of industrial installation. [10-
18] The use of inhibitors is one method to reduce soroand to protect metals and alloys in
the aggressive mediumRecently, research in corrosion prevention iserdgd to the
development of green compounds with good inhibidficiency, non-toxicity but low risk of
environmental pollution. The ability of an inhikitéo provide corrosion protection therefore
depends to a large extent upon the interactiondstvihe inhibitor and the metal surface under
corrosion conditions. Generally, it is assumed thimbng adsorption of the inhibitors is a
prerequisite.[15-20]

Brass materials are relatively noble for which bramssesses attractive properties,
namely, good corrosion resistance, high thermalaedtrical conductivity and better resistance
to biofouling. It has been widely used in watertrlmition systems, water treatment units,
condensers, desalination, power plant condenserpetnochemical heat exchangers, shipboard
condensers, and many other applications [4-25]s8Bmith 65% Cu and 35% Zn is prone to
corrosion attack when exposed to a corrosive migeli@use of the brassphase. Increasing the
zinc content in the alloy changes tirghase tg3-phase and accelerates corrosion damage [12-
23]. Dezincification of brass is one of the welleksm and common processes by means of which

brass loses its valuable physical and mechanicglepties leading to failure of structure [9-25].



Therefore, the corrosion mechanism and the comgsiotection of brass in different aggressive
media have attracted the attention of a numberneéstigators. Several researchers have
investigated brass in view of resistance to coomdil2-33]. Many techniques are used to
improve the corrosion resistance of the brass asethechanical parts in industry. The use of
inhibitors, applying organic, metallic or inorgandmatings, cathodic and anodic protection,
galvanostatic polymerization technique, nanostmatéid coating are methods (techniques) for
metal corrosion protection.

In our study, the corrosion inhibition of brass imdustrial cooling watersystemof
inhibitors has beerstudied byelectrochemical studieglectrochemical impedance spectroscopy
measurements, FT-IR and metallography analysisctiBlehemical measurements arged to
evaluatethe anticorrosive properties of these new inhikitdhis work is a continuation of
previous work [15-19] on the evaluation of someamig polymers that have been synthesized
by radical polymerization using the microwaves ggeiVell as development of new corrosion

inhibitors for cooling water systems, as greenbitbrs.

EXPERIMENTAL

Electrochemical polarization curves and electrodbamimpedance spectroscopy
measurements were performed out by using a singlenpartment cell with the conventional
three electrode set up at temperatur&C25he cell was connected to a VoltaLab potenttosta
coupled to a PC running VoltaMaster software. Aussted calomel electrode (SCE) was
employed as the reference electrode and a brighinpm gauze as an auxiliary electrode. The
working electrode was a brass with a surface arBacf. The electrochemical techniques
employed were corrosion potential monitoring, anodind cathodic polarization curves.
Experimental methods were described previously Jab-The determinations were repeated
with each solution until a good reproducibilitytbe results was obtained.

The inhibiting actionhas beerstudied from the polarization curves obtained ushng
galvanostatic and potentiodynamic method and caticul of the potentiodynamic polarization
parameters for corrosion of carbon steel OL 37 mesence and absence of different
concentration of inhibitorsThe electrochemical impedance spectroscopy (EIS) exjsaris
were performed using VolaLab PGZ 301 instrumentefmbstat/Galvanostat (Radiometer
Analytical, France) at open circuit potential disied with amplitude of 10mV ac sine wave and
over a frequency range of 100 kHz to 40 mHz. Thekmg electrode made of brass had a

surface area of 0.5 énThe investigated inhibitorfiave beersomepolymers: PASAC1 (urea



and maleic anhydride molar rappdrtl.5 at temperature of 14T), microwave power 400W,
reaction time of 120minutes, PASAC11-(polyaspadad and HPO, molar ratio 10.05 in
propylene carbonate with sodium tartrate at tentpezaof 178C), microwave power 600W,
reaction time of 180 minutes, and PASAC-13 (polgasp acid 0.07M and PO, in ethylene
carbonate/propylene carbonate, gravimetric ratioSlivith trisodium citrate at temperature of
200’C), microwave power 600W, reaction time of 90 mésythat have beesynthesizecy
radical polymerization using the microwaves energy at frequencies of 24%0MSome
properties of these new polymers are: PASAC 1l:vactubstance 43%, pH=8.5, reduced
viscosity of 0.17 dLg and antiscale properties for 5pp =48% and for 5% ; PASAC11:
active substance 37%, pH=9.4, reduced viscosit§.2f dLg* and antiscale properties at 5pp
=68% and for 10ppm=88%; PASAC13: active substai€é,4pH=9.6, reduced viscosity of 0.19
dLg™ and antiscale properties at 5pp =79% and for 16195%:

The aggressive medium has been industrial cooliagenvype Slwith the composition
shows in Table 1.

Table 1 The composition of $;

Indicator: UM Water type 1, values of
parameters
PH 8.42
Conductivity ps/cm 1061
Alcalinity p mval/L 0.1
Alcalinity m mval/L 3.3
Total Hardness mval/L 8.3
Calcium Hardnes mval/L 3.C
Chloride, C mg/L 117.0:
Sulfate mg/L 15E
Solid substances mg/L 2.75
Organic compounds mg/L 11.37
Iron mg/L 0.073
Aluminum, mg/L 0.0175
Nitrite, NGy’ mg/L <0.1
Nitrate, NCg° mg/L 10
Phosphate, P,;> mg/L 0.04¢
Copper, Ct" mg/L <0.015
Zinc, Zrf* mg/L <0.1

The structureof the brassis: Fe% 0.29, Cu% 65.60, Zn% 34, Si% 0.060, Pbh%9®.8rass was
obtained from MISUMI, Japan. The working electradas brass in the form cylindrical with a
surface area of 0.5 émThe cylindrical form is favorite, as it ensures igher surface and

without edges. The brass electrdues beerpolished with emery papers of varied granulation



(600, 1200, 2600, 4000 grid) up to mirror-lusténen, the brass electrode was washed with bi-
distilled water and introduced in the electrochehi®ll. The preparation of working electrode
before measurements is the same as described hE5eid]. Eachexperimenthere was carried
out at temperature of 25°Gnder atmosphericondition Surface analysis on the brassnpleof

the adsorbed film has been examined BYVIR spectroscopyFTIR spectrometeifensor 37
Bruker optik GmbH, Germany) and metallographic mggaphies (Microscope Hund H660,
WETZLAR Germany).

RESULTSAND DISCUSSION

The treatment of the aggressive media can be peefibby eliminatingthe active chemical
agents or by means of inhibitonwhat checkthe corrosive attack on the anodic or cathodic
process or bothn this study, the anticorrosion protection is theult of the adsorption of these
inhibitors on the electrode surface by formatioruaseen film of some molecular thickness. The
inhibition activity analysis of these inhibitorssheeen made by assuming that the mechanism of
inhibition by organic molecules is chemisorpti¢h7-23]

The typical potentiodynamic polarization curvestbé brassin cooling water & at
various concentrations of PASAC1, PASAC11 and PA$3G@re presented in Figures 1-3.
Electrochemical corrosion kinetics parametersciogtosion potential, cathodic and anodic Tafel
slopes and corrosion current density obtained ftbenTafel extrapolation of the polarization
curves, were given in Tables 2-4, where the intobiefficiency were calculate. The presence of
inhibitor causes a significant decrease in corrogiate; change the anodic curves to more
positive potentials and the cathodic curves to nmergative potentials. This may be ascribed to
adsorption of inhibitor over the surface.

Analyzing the cathodic potential curves from Figude3 one can see that on the each
cathodic curve there is a potential range wherectibodic current density decreases or is
constant. It can see that, in this potential irdetlhie brass surface is passivated. We assume that,
in this potential interval the cathodic procesprisvented by the passive film. In this potential

interval occurs the oxygen reduction cathodic ieadby to equation

100, +H,0+2e~ 2HO (1)

This suggest that addition of these inhibitorsypfet PASAC gives rise to the formation of the

passive film on the brass surface and further itgithe corrosion.



As it can be seen, both cathodic and anodic raactd brass electrode were inhibited with the
increase of organic inhibitor concentration in coglwater system. The addition of PASAC 13,
PASAC 11 and PASAC 1 decreases the corrosion dudesmsity (io) values significantly for

all the studied concentrations due to increaselockied fraction of the electrode surface by

adsorption. This confirms that these inhibitorsdx&has a mixed inhibitor.
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Figure 1 Potentiodynamic polarization curves of brassin S; +Xppm PASAC 1 at

temperature of 25°C

ior(HA/CM?)
g

Figure 2 Potentiodynamic polarization curvesof brassin $; +Xppm PASAC 11 at
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Figure 3 Potentiodynamic polarization curvesof brassin S; +Xppm PASAC 13 at
temper atur e of 25°C

The electrochemical parameters derived from thearpmtion curves at different
concentrations are given in Tables 2Hom figures 1-3 andables 2-4, one can see that the
addition of all three organic inhibitors led in alhses to a decrease of the corrosion rate and to
increase of the inhibitor efficiency. The resultsained in this study could be explained by the
effects of organic inhibitors on the electrochermaperties of the working electrode (brass).
All the studied of organic inhibitors (PASAC11, PAS13 and PASAC1) showed a very good
inhibition properties for the corrosion of brassooling water system type S1 and the corrosion
current density decreased and the inhibitor efficye increased with increasing inhibitors
concentrationsBy examining in comparisothe inhibition efficiency and the corrosion rate
(Rmpy, in mil per year; P, in mm per year and Kg, ingm) of all three inhibitors, in the
identical condition one can observe as, tHRASAC13 and PASAC11 have a very good
efficiency for anticorrosion protection of brass 81 and PASAC1 had good inhibition
efficiency. Sometimes on the anodic curves appears oxidgtarks followed by the narrow
passive range and a decrease of the current dglisisybehaviour can be explained due to
formation of oxo-hydroxo-complexes of Cu). The mmaxim efficiency is obtained at the
inhibitor concentration for PASAC 13 is 20ppm an@d0fipm, for PASAC11 is 50ppm and
100ppm and for PASAC1 is 50ppithese datedemonstrate ahese polymers can be classified
as mixed type corrosion inhibitors.



Table2 Potentiodynamic polarization parameters of briasS; at various concentrations of

PASACL1 at temperature of 25

Concentratiof icor Rp Kq Eeorr|  ba -be
7 3 Rmpy P E (%) 1 -1 e
(ppm) (MRAcm™)| KQcm mmiyear | g/nPh (mV) | (mVdec") |(mVdec)
0 531 2.92 2.60 0.066 0.064 - 207 186 76
20 1.225 20.93 0.65 0.0164 0.016 1\ 160 198 296 7|0.7
50 0.915 34.17 0.45 0.0113 0.011 83 157 134 291 3/0.8
100 1.16 19.95 0.567 0.0144 0.014 78 155 147 30578| 0.
250 2.662 6.97 1.301 0.033 0.032 50 167 13b 196 0|0.5
500 2.59 9.86 1.267 0.032 0.031 51 475 18P 293 |0.51
800 2.03 10.05 0.9584 0.025 0.0246 g2 174 187 20662| 0
Table3Potentiodynamic polarization parameters of bras§iat various concentrations of
PASAC11 at temperature of Z5
Concentratior icor Ry Kq Ecorr b, b.
2 - Rmpy = E (%) ” | ©
(ppm) (MRAcm™)| KQcm mmiyear | g/nfh (mV) |(mVdec")|(mVdec)
0 5.31 2.92 2.60 0.066 0.064 - 207 186 76
20 0.151 89.92 0.074 0.001¢ 0.0008 96 151 117 196 .96 0
50 0.126 181.26 0.061 0.0016 0.001L5 97 168 127 1860.97
100 0.116 170.25 0.054 0.0014 0.0014 98 162 g9 1830.98
250 0.449 43.88 0.219 0.005% 0.00p4 91 197 g7 184 91 0
500 1.158 17.52 0.567 0.0144 0.014 18 172 111 192 .78 0
800 0.296 62.19 0.145 0.0037 0.00B6 94 163 113 1420.94
Table 4Potentiodynamic polarization parameters of bras§iiat various concentrations of
PASAC13 at temperature of Zb
Concentratior]  icorr Ry Kq -Ecorr b, -b,
2 o | R | p E (%) . .
(ppm) (LACcmM?®) | KQcm mmiyear | g/rPh (mV) [(mVdec")|(mVdec!)
0 531 2.92 2.60 0.066 0.064 - 207 184 76
20 0.167 106 0.081 0.002 0.00p qi 199 97 137 D.97
50 0.194 96 0.091 0.0023 0.0022 96 198 94 145 D.96
100 0.185 98 0.09 0.0022 0.0022 9.5 1P5 96 146 6.9.9
250 0.280 78.6 0.137 0.0034 0.0083 95 172 136 224 950
500 0.462 47.38 0.226 0.0057 0.00p6 9 166 109 209.91




800 0.330 51.36 0.161 0.0041  0.00B9
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The variation of inhibition efficiency and curreté¢nsity with inhibitor concentrations is
shown in Figure 4. The inhibition efficiency inceeal with increase in concentration and current
density decreased with increase in concentratidrfram figure 4 it can observenore theeffect
of these corrosion parametersa the electrochemical behaviour of theass in cooling water
system (see Figure 4)t is obvious from the figures that all these commpds inhibit the

corrosion of brass in cooling water system ataticentrations used in this study.
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Figure 4Variation of current density and inhibition effioiey of the inhibitors:
PASAC11, PASAC13 and PASACI1 at various conceninatfor brass in S1 at 45.

Adsorption isotherm is very important in determgurthe mechanism of organo-
electrochemical reactions. Also, the greatéribitor efficiency is an effect of the adsorptio
processThe adsorption isotherm can give important infororabn the interaction of inhibitor
and metal surfacelo measurehe influence of organic inhibitor concentration the corrosion
rate, it is used to matchthe rate data to equilibrium adsorption expressicas Langmuir
equation/ (1-0) =KC, [15-20, ] wheré is the degree of the coverage on éectrodesurface
by the inhibitor and K ishe equilibrium constant of the adsorption procéssdeterminedy: 6
= (icor—1.inn)/icorr Where iy and Lo are the corrosion current density in S1 with and withou
inhibitor.[14-19] All correlation coefficient (R exceeded 0.99 (PASAC13-2#0.99939;
PASAC11- R=0.99879; PASAC1- R0.99338) indicates that the inhibition was atttéalito

adsorption of these compounds on the metal surface.




Utilization of the Langmuir behaviors frequently justified with the argument that

inhibition shall include adsorption.
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Figure 5 Langmuir plot for (a) PASAC 11, (b) PASAC 13 and (c) PASAC 1on brassin S1
at different inhibitor concentrations
In this study straight lines were obtained when concentra@gr 6 were plotted against
Cinn-with a slope of unity. The linear relationship gasts that the adsorption of inhibitors obeys
the Langmuir adsorption isotherm (Figure 5). Thghhvalue of the adsorption equilibrium
constant reflects the high adsorption ability a$ hhibitor on brass surface.
The equilibrium constant of the adsorption proc@sss) is related to the standard

adsorption free enerdyAG,,.) obtainedby therelationInK ., = —(AG;’dS/ RT).[14—20]

ads

The deduced value oAG_, obtained is negative and means that the adsormtion

S

organic inhibitor is a spontaneous process, antthdumore the negative values a6, . also

show the strong interaction of the inhibitor molecwith the surface.

10



The obtained valuesAG; around -20Kjmol or lower indicates the electrostatic

interaction between chargexetal surface and charged in the bulk of the smutivhile those
around -40KJmétor higher involve charge sharing or charge transéween the metal surface

and organic molecules( see Table 5).[28-31].

Table 5.The values of sand AG_  for PASAC-brasseooling wateisystems

The system Typﬁ}g{er:}zltallic \gldl:ela_?f Ag::i%;cgrl Type of adsorption
CogingAVéEgg iype Brass 1.088x10 -12.447 | Physical adsorptior
Cosci_lir;g'ja\vsvztcerlti/pe Brass 1.171 x10 -17.497 Physical adsorptiop
C(’S?_':g%"s"ztcerlt%’pe Brass 7.366 x10 -22.051 | Physical adsorption]

Mechanism of inhibition - From the results obtaingdvas concluded that all the three
organic inhibitors (PASAC 1, 11 and 13) inhibit tberrosion of brass in cooling water systems
by adsorption of inhibitors at metal/solution irfitee. Adsorption of organic compounds can be
described by physical adsorption process. Thisga®ds influenced by the nature and charge of
the metal, the chemical structure of the inhibiémd the type of electrolyte. The inhibition
efficiency of organic inhibitors (PASAC 1, 11 and)hgainst the corrosion of brasscooling
water systemsan be explained on the basfthe number of adsorption siteaplecular size
and mode of interaction with the me&alrface Physical adsorption requires presence of both
electrically charged surface of the metal and ab@sgecies in the bulk of the solution

The corrosion behavior of brass in cooling watestesynat thevarious concentrations of
PASAC 1, PASAC 11 and PASAC13 at temperature ofC25vas investigated by
electrochemical impedance spectroscopy (EIS). Impeel measurements were performed at
open circuit potential on the frequency range betw#00 kHz and 40 mHz with an AC wave of
+ 10 mV (peak-to-peak) and the impedance data wetiareed at a rate of 10 points per decade
change in frequency.

Figure 6 showed a typical set of Nyquist plots fwass in cooling water system in
absence and presence of various concentrationsgyahic inhibitors. The impedance spectra of
brass electrode show omapacitive loop. In all cases, it is found that thiameter of the
capacitive loop increases with increase in PASABRASAC11, PASAC13 resultinghat the

formed protective film has been accomplished byatdition of organic inhibitorsBut, these

11



capacitive loops are not perfect semicirciesl this fact is attributed to frequency dispersio

largely attributed to roughness and inhomogeneiti¢ke solid surface.

Figure 6 as well shows that the diameters of themmicircles in the presence of 50ppm
PASAC1+Brass-S1, 50ppm and 100ppm PASAC11+Brassnffor 50ppm PASAC13+Brass-

S1 are much highahan those in the absence of organic compoundsiltires that has good

anticorrosion protection on the brass in S1
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Figure 6 The Nyquist plot for brass®1 at various concentrations inhibitor

In this paper of all the PASAC in the studied coricaion interval, the electrochemical

impedance spectra are characterized by one degressecircle, with a high frequency capacity

loop and low frequency inductive loop. Deviatioorfr perfect circular shape, often known as

frequency dispersion was attributed to surface moegs and inhomogeneities of the metal

surface. [xxx |
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Bode diagrams presented in Figures 7-9 are in dacce with Nyquist diagramKi.can see that
without of inhibitor the brass shows one time canstaccording to a phase angle of a0
medium and low frequencies, this shows an inductbeenportment with low diffusive
predisposition. From figures 7-9 it can see thahhe inhibitor, to seem a top corresponding to
a phase angle of 7&hich means that where the electrode has a stapacitive behaviour, in
according with the results obtained by electrocleahpolarization and in concordance with the

Nyquist diagrams [14-19Bimilar results were reported in several studl&sZ0].
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Figure 7 The Bode plot for brassin Sl at various concentrationsinhibitor PASAC-1
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Figure 10 Equivalent circuit

In this study of all three organic inhibitors inethstudied concentration interval, the
electrochemical impedance spectra are charactebyedne semicircle and they were fitted
using one time constant equivalent model with cagace (C), the charge transfer resistance
(Ry) and Rs solution resistance were obtained usinijllogist diagramg.15-23]
The equivalent circuit used in this paper is shawhigure 10. The lower capacitance values for
systems: cooling water system -S1+Brass with PASACPASAC-13 and PASAC-1, indicate
the inhomogeneity of the metal surfaceughened due to corrosion. The double layer
capacitance (Cdl) values decreases on increasitigeahhibitor concentration and reaches very
low values for the optimum concentrations of intoks for all the studied systems indicating
that the reduction of charges accumulated in théblgolayer due to the formation of adsorbed
inhibition film. This behaviour has been described and discussethby authors [15-27, ]

Several researchers have confirmed that FT-IR speetry is a powerful tool that can
be used to determine the type of bonding for omyamhibitors adsorbed on the metal surface
[37-42].

In this study, FT-IR spectra revealed that the neyanic inhibitors were adsorbed on the

brass surfaceill spectra in this paper were obtained at a re&mudcm’ in the range 4000-500

14



cm’. [15-19] In order to evaluate the protective lafj@med on the metal surface in presence of

inhibitor on thebrass surface was analyzed by FT-IR spectra.
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Figure 11 FT-IR transmittance spectrum of (a) PA%A&nd (b) Brass+100 ppm PASAC11

Transmission spectra of polymer PASAC11 is showFigure l1lla. FT-IR transmittance
spectrum of protective film adsorbed on the brastase in S1 containing of 100ppm PASAC11
is presented in Figure 11Brom figure 11b it can be observed all importardaiseof polymer

PASAC11 appeared in the protective film. A broasdin the range from 3500-3300 ¢ris

attributed to O-H stretching, which indicates ttieg protective film contains 40.[15-20, 37-42]
The band in the region 3000-2700 tiare attributed to C-H stretching vibration, the daat
1650 and 1540 cihcorresponds to the C=0 and N-H. The presence ofa®dNC-O is indicates
stretching at 1100-1000 and 900-8007cii5-19, 38-421Comparing figures 11a and b, it can be
suggested that PASAC11 is adsorbed on the brasesur
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Figure 12 FT-IR transmittance spectrum of (a) PA%A@nd (b) Brass+20 ppm PASAC13

Transmission vibrational spectra of polymer PASATI4 depicted in Figure 12a. From figure
12a, a broad peak at 3200trshows the existencef the C-H The N-H and C=Cstretching
frequencies are manifest in the region 1642'and 1491 cil. The weak band at 1325 to 1210
cm® respectivelyis attributed to C-H bending. The FT-IR spectraagt®d for the brass with
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20ppm PASAC13 inhibitor organic is presented inufég12b This shows the characteristic
band for the adsorbed PASAC 13 on the metal surfadeoad band in the range from 3340 cm
!is assigned to C-H. In region 1520&nthe appearance of the peak is assigned to NHe.
presence of C-N is indicates stretching at 1436.¢Fhe C-O bends are shown around at 1150-

1 W\J\Lv\/\w/

T T T T T T T T T
3500 3000 2500 2000 1500 1000 3500 3000 2500 2000
Wavenumber cm-1

Figure 13 FT-IR transmittance spectrum of (a) PASAMDd (b) Brass+50 ppm PASAC1
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100 105

Transmittance [%]

b
95
L

The transmission FT-IR spectra obtained of PASA&hd for 50ppm PASAC1 inhibitor organic
is presented in Figures 13a and 13b. From figuBbdtican be observed all important peaks for
the adsorbed inhibitor PASAC1 on the brass surfageedium band in the region at 3500- 3200
cmis attributed to C-HThe band at 1600-1550 &his assigned to N-H stretching vibration. The
peaks for C-N stretching modes can be attributethénrange at 1400-1350 Crithe bands
1200-1100 crifand 900-780 cifare assigned to C-O and C-N. [15-19, 37-42]

Comparing figures 11a-b, 12a-b and 13a-b it carsiiggested that these organic inhibitors
(PASAC11, PASAC13 and PASAC1) are adsorbed on thestsurface.

The formation of the protective surface film of angc inhibitor on the electrode surface
was confirmed by metallurgical research microsaapgervation on the electrode surface. Figure
14 shows somenicrographies were analyzed for our systems: bt&kk before and after a
certain immersion in S1 in presence and absen@nimrghibitor of type PASAC. [17-19] From
Figures 14b-j it is evident thahe inhibited brass surface is smoother than thiehiited
surface where showing protective layers are forofealdsorbed films of inhibitor and corrosion
products. These films act as a barrier betweeneagiyre medium and metal surface and as a
result the corrosion process is protecf{&8-19, 41-43]
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Brass+50ppm PASAC-1+S1
i i

Figure 14 Micrographies of the brassS1 in presence and absence of organic inhiBI&BAC-
11, PASAC13 and PASAC-1.

From figures 14(a-j), it can see that, the cormsattack is much more accentuated in
absence of these inhibitors than in presence dhallorganic inhibitorsHence, the protective
nature of the film formed on the brass surface asficemed by metallurgical microscopy
techniques examination in very good concordanchk thig results obtained from electrochemical
and FT-IR technique (see Tables 2-4 and Figures 1-3

CONCLUSIONS

All the studied of these organic inhibitors (PASACPASAC13 and PASAC1) showed

a very good inhibition properties for the corrosmfrbrass in cooling water system type S1 and
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the corrosion current density decreased and thibiiah efficiency increased with increasing

inhibitors concentrations.

The adsorption of all organic inhibitors studied tive brass electrode obeyed the

Langmuir adsorption isotherm model.

The results of FTIR, also reveals the adsorptioinbibitor molecule on the electrode

surface and blocking the active sites.
PASAC11, PASAC13 and PASAC1 acted as mixed typeosmn inhibitor.

In all of the studiesthe inhibitor type PASAC-13 and PASAC11 had a vgood
efficiency; PASAC-1 had a good efficiency

The inhibition efficiency follows the order: PASABG3PASAC11>PASAC1 because the

presence of these inhibitors causes a significacitedise in corrosion rate.

Acknowledgmentg&inancial support from National Research Grant|PB2-137/2008
(Romanian Ministryof Education and Research/CNMP) is gratefully agkedged

REFERENCES

JM Maciel, R.Jaimes, PCorio, P.LVolpe, SMI Agostin@orros Scj 2008, 50, 879-886

L.Yohai, Mvasquez, MB Valcarc€&€orros Scj2011, 53, 1130-1136

R.Karpagavalli, R Balasubramania@grros Scj 2007, 49, 963-979

L.Campanella, O.C Allessandri, M Ferre@iorros Scj 2008, 50, 2183-2191

R.Nishimura, T.YoshidaCorros Scj 2009, 51, 1205-1213

A.M Beccaria, C.BertolottaElectrochim Actal997, 48, 1361-1371

D. Jones, “Principle and Prevention of CorrosioMacMillan Publishing Company,

New York, 1992.

8. D. P. Schwensberg and V. Ashwor@urros.Sci, 1988, 28, 539.

9. E. M. Sherif and Su-Moon Park, Electrochemical. Sg2005, 152 B428

10.V. Branzoi, and F. BranzoRev Roum Chim2002, 47, 1193-1203

11.V.Branzoi, F. Branzoi and L.PilaMaterials Chemistry and Physic2009.118, 197-202

12.H. H.Uhlig and R.W.Revie, “Corrosion and Corrosioontrol”, Whiley, New York, &
edn.,1985.

13.D. P. Schwensberg and V. Ashwqr@orros.Sci1988, 28, 539.

14.J. L. Rozenfeld, “Corrosion Inhibitors”, McGraw-HiNew York, 1981, p.109.

N g M w NP

19



15.V.Branzoi, F. Branzoi and | Harab&ev Roum. Chim2010.55, 48

16.F. Branzoi, and V. BranzoRev Roum Chim2013, 58, 747-757

17. Florina Branzoi, V. Branzogndl. Harabor,Rev Roum. Chin2011, 56, 115-128, 2011

18. Florina Branzoi, V. Branzoandl. Harabor,Rev Chim Buchares?011, 62, 1090-1097.

19. V. Branzoi, Florina Branzoi, A. Stanca, Luisa RjlRev Chim Buchares?009,.60, nr.8,
pp.797-804, 2009

20..E .M. Sherif and Su-Moon Park, Electrochemical. So005, 152,B428

21.. E .M. Sherif and Su-Moon Par&prros. Sci 2006, 30, 61.

22..E .M. Sherif,J.Appl.Surf. S¢i2006, 252, 8615.

23. G. Gunasekaran, LR.Chauh&fectrochim.Acta2004, 49, 4387

24.D.Held Kulwasser, Vulkan Verlog Essei®94.

25.J.Steber, P.Wierich, Chemosphel@g6, 15, 929-949.

26.. E .M. Sherif and Su-Moon Park|ectrochim.Acta2006, 51, 6556.

27.Y.A.Aleksanyan, |.I.Rformatskaya and A.N.PodobaBwtection of Metals2007, 43,
125-128.

28.E .M. Sherif and Su-Moon Park|ectrochimica Acta2006, 51, 4665-4673.

29.F. Mansfeld, “Corrosion Mechanism”, Marcel Dekked(), New York,1987, p.119.

30.V.Branzoi, F. Branzoi and L.PilaMolec. Crystal &Liquid Crystals2006,446, 305-318.

31.F. Zucchi,G.Trabanel|liCorrosion 1996, 38, 2a.9.

32.V. Branzoi, A. Pruna and F. Branz&ev Roum de Chin2007, 52, 587-595

33.K. Aramaki, J.Uehre and H. Nishihar®roc. of the 11 International Corrosion
CongressFlorence, Italy1990, 3, 331.

34.G.B Hunt and A.K.HolidayQrganic Chemistry1981, 14, 229.

35.Braun R.D., E.E Lopez and D.P. Vollm&worros. Sci1993, 34, 1251.

36.H.W. Shen and Z.S Smialowsky&orrosion Scil989, 45, 720.

37.G.MorettiG. Quartarone, G.Tassdtectrochimica Acta1996, 41, 1971

38.Loupy A., Chemistry Today2006, 24, 36.

39.Q.Qu, S.Jiang, W.Bai and L.Lglectrochim.Acta2007, 52,6811

40.Q.Quing, L.Li, S.Jing and Z.Ding,Appl.Electrochen009, 39,569

41.M.F.L. Granero, P.H.L.S. Matai, 1.V.Aoki and |.C.&des,J.Appl.Electrochem2009,
39, 1199.

42.D. Gopi, K.M. Govindaraju and L. Kavithd,Appl.Electrochen010, 40, 1349.

43.A.Pruri, V Branzoi andr. Branzoj Materials and Technologie2007, 23, 233-239.

20



