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INTRODUCTION



Metals corrosion in water —conveying system sucleaading water circuits is of major
concern in industrial applications. In order to m@se corrosion of pipes, heat exchangers

corrosion inhibitors are widely applied.

Brass materials are relatively noble for which brg®ssesses attractive properties,
namely, good corrosion resistance, high thermalaedtrical conductivity and better resistance
to biofouling. It has been widely used in watertrimition systems, water treatment units,
condensers, desalination, power plant condenserpetnochemical heat exchangers, shipboard
condensers, and many other applications [4-18]s8mith 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 i@hase t-phase and accelerates corrosion damage [12].
Dezincification of brass is one of the well-knowndacommon processes by means of which
brass loses its valuable physical and mechanicgepties leading to failure of structure [9-18].
Therefore, the corrosion mechanism and corrosi@vemtion of brass in different corrosive
media has been attracted many investigators. Seesearchers have investigated brass in view
of resistance to corrosion [17-23]. Many technigaesused to improve the corrosion resistance
of the brass used as mechanical parts in industry.

In this paper, the inhibition of brass corrosiorcovling waters by organic polymers was
investigated by potentiodynamic polarizations, Bh®asurements, FT-IR and metallography
analysis. Electrochemical measurements are useddess the relevant physical properties of

new corrosion inhibitors.

EXPERIMENTAL

The inhibiting action was studied through the phaftof the polarization curves obtained
using the potentiodynamic method and calculationthed kinetic parameters of corrosion
(especially the corrosion current densities of tohs with inhibitors) and the comparison with
the kinetic parameters of the solution without nitars.

The studied material was the brass. The used iorgambitor

were three polymers namely PASAGih[eic anhydride and urea molar ratio 1.5:1
140°C), PASAC-11 (polyaspartic acid ands®0; molar ratio 10.025 in
propylene carbonate with sodium tartraie 200C) and PASAC-13



(polyaspartic acid 0.07M and3zPQy, in ethylene carbonate/propylene carbonate, gretvin
ratio 1/1 with trisodium citrate 15C) which were obtained by radicalic

polymerization in presence of microwave field fromi

[13-14].
The working electrode was brass in the form cylirairwith an exposed area of 0.5 Trifthis

shape is preferred, because it assures a greafacestand a reduce number of edges

After that, the working electrode was washed wdigtilled water and
inserted in the polarization cell, which was theally three-electrode cell. All tests have been
performed attemperature of 25°C under atmospheric oxygen without agitationrféhe
analysis on the brass electrode of the formed adsoaiilm was analyzed by both FT-IR (FT-IR
spectrometer Bruker optik) and metallographic ngeaphies (Hund H660). The corrosion

medium was industrial cooling water type S1 with thhemical composition given in Table 2.

RESULTSAND DISCUSSION



Analyzing the cathodic polarization curves fromuigs 1-3- it can be observed that, on
the large range of the potential the brass eleesrdiehave very close to a passive behaviour.
Practically, we can say that, in this potentialgarthe electrode surface is passivated. We
consider that, in this potential range, the cathedaction is hindered by the oxide film (passive

film) from the electrode surface. In this potentahge takes place the oxygen reduction cathodic
reaction according to equation:

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

The addition of PASACL13,
PASAC11 and PASAC1 decreases the Values significantly for all the studied concetitras

due to increase in blocked fraction of the elearsdrface by adsorption. This confirms that
these inhibitors behave as a mixed inhibitor.
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Figure 1 Polarization curves of brassin cooling water S; +Xppm PASAC 1 at temperature
of 25°C
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Figure 2 Polarization curves of brassin cooling water S; +Xppm PASAC 11 at temperature
of 25°C
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Figure 3 Polarization curves of brassin cooling water S; +Xppm PASAC 13 at temperature
of 25°C

The electrochemical parameters derived from thearpmtion curves at different
concentrations are given in Analyzing these tables, it can be observed, ttieg
addition of the organic inhibitor to the amountswh in the leads in all the cases to

inhibition of the corrosion process! can be explained taking into account the effetts o



organic compounds on the electrochemical propediethe brass.

Analyzing in
comparison the corrosion rate of organic inhibitors ,’one can see that, the
PSAC13 had a higher efficiency for corrosion systeass in S1 and PASAC11 had a very good
efficiency for same system and PASACL1 had a gofidieficy. Sometimes on the anodic curves
appears oxidation peaks followed by the narrow ipassange and a decrease of the current
density (this behaviour can be explained due ton&tion of oxo-hydroxo-complexes of Cu).

The maximum efficiency is obtained at the inhibibmncentration for PASAC 13 is 20ppm and

100ppm, for PASAC11 is

that these polymers can be classified as mixeddgp®sion inhibitors.

and 100ppm and for PASACL1 is 50ppm. These resuligest

Kinetic corrosion parameters of brass in coolingustrial water type Sn presence

and absence of organic inhibitor type PASAC1 apenature of 25C

i corr Rp Kg -Ecorr b, -be
) N L W g/nth E %) (mv) ) ®
0 5.31 2.92 2.60 0.066 0.064 - 207 186 76
20 1.225 20.93 0.65 0.0164 0.016 7\ 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 51 475 189 293 |0.51
800 2.34 10.05 1.145 0.029 0.028 56 174 18y 206 6|/0.5
Kinetic corrosion parameters of brass in coolingustrial water type Sn presence
and absence of organic inhibitor type PASA-11 atperature of 25C
I corr R K Ecorr P be
) p Roer | Poyens g/mgzh E %) (mv) °
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 0.0015 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 78 172 111 142 .78 0

800 0.296 62.19 0.145 0.0037 0.00B6 94 163 113 1420.94

Kinetic corrosion parameters of brass in coolingustrial water type Sn presence
and absence of organic inhibitor type PASAC13 @ipterature of 25C
iCO" RP Kg 'Ecorr ba 'bc
R E (% 0
mey I:)mm/year g/mzh ( ) (mV)

0 5.31 2.92 2.60 0.066 | 0.064 - 207 186 76

20 0.167 106 0.081 0.002 0.00p ay 199 972 137 D.97
50 0.194 96 0.091 0.0023 0.0022 96 198 95 145 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 0.224§ 0.0057 0.00p6 91 166 109 209.91
800 0.330 51.36 0.161 0.0041 0.00B9 94 167 8y 1130 94 0
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It‘is obvious from the figures that all these

compounds inhibit the corrosion of brass in coolmater system at all concentrations used in
this study.
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Figure 4 The influence of the inhibitors PASAC1AJAC13 and PASAC1

concentration on the corrosion rate and efficienfthe brass in cooling water type S1 al@5
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To quantify the effect of inhibitor concentratiom the corrosion rate, it is
common to fit the rate data to equilibrium adsanptexpressions, such as Langmuir equatidn:
(1- 6) =KC, wheref is the degree of the coverage on the metal suldgdle inhibitor and K is
the equilibrium constant for the adsorption reactibis given by:0 = (icor—i.inn)/icorr Where i

and o are the corrosion rates in industrial cooling wa& with and without inhibitor
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Figure5 Langmuir plot for PASAC 11 and PASAC 13 on brassin Sl at different inhibitor
concentrations

In this paper, the Langmuir isotherm is plottediagaC, when a linear relationship is
obtained for each inhibitor and a slope of neatyufir each compound indicated approximate
Langmuir behaviour (see Figure 5). Moreover, wdlghato show what kind type of adsorption

process takes place on the electrode surface.

The adsorption equilibrium constant & is related to the standard free energy of

reaction AG;,.) by the equationn K, = —(AG° /RT).

ads ads



AG,

AG,

The obtained valuedG; around -20Kjmdl or lower are consistent with electrostatic

interaction between the charged molecules (thebitdni molecules) and the charged electrode
surface (physical adsorption see ), while those more negative than -40KJmdhvolve
charge sharing or transfer from the inhibitor males to the metal surface to form a co-
coordinative type of bond (chemisorptions).[28-30]

‘The values of kysand AG_, for studied systems

The system Typ;g{ er:};[allic \Zldl:e&.?f A(\B/;:ues of Type of adsorption
Cogllir;)gAv;i[ngype Brass 1.088x10 -12.447 Physical adsorptiorn]
Coscl)fg%g :tcerltlype Brass 1.171 x10 -17.497 Physical adsorption
e P Brass 7.366 x50 | -22.051

Impedance measurements were performed at oparitgiatential on the
frequency range between 100 kHz and 40 mHz witA@mwave oft 10 mV (peak-to-peak) and

the impedance data were obtained at a rate of iblspwer decade change in frequency.

one capacitive loop and the diameter of the seoddrincreases on
increasing the inhibitor concentration suggestirmttthe formed inhibitive film was
strengthened by the addition of inhibitors. Howewbese diagrams are not perfect semicircles
and this fact is attributed to frequency dispersicn

Figure 6 also indicates that the diameters of #yeacitance loops in the presence of 50ppm
PASAC1+Brass-S1, 50ppm and 100ppm PASAC11+Brass8Xor 50ppm PASAC13+Brass-



SC1 are bigger than those in the absence of

anticorrosion performance on the brass in S1

orgahibitors, suggesting that has good
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Figure 6 The Nyquist plot for brass in S1 with avithout organic inhibitor

Bode diagrams presented in Figures 7-9 are in daoce with Nyquist diagrams. It can be
observed that in absence of organic inhibitor thecteode presents one time constant
corresponding to a phase angle of aboUa8thedium and low frequencies, this fact indicates
inductive behaviour with low diffusive tendency. @ contrary, in the presence of the organic
inhibitor, on the curve-phase angle versus loguesgy appears a maximum very well defined
corresponding to a phase angle of aboutwifich means that in this case the electrode has a
strong capacitive behaviour, according with theiitssobtained by electrochemical polarization

and in concordance with the Nyquist diagrams.
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Figure 7 The Bode plot for brassin S1 with and without organic inhibitor PASAC-1
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Figure 8 The Bode plot for brassin S1 with and without organic inhibitor PASAC-11

5,0

log frequency
IN] w » »
& & o vl
1 1 1 1

N
[=]
1

P
n

® 250ppm

100ppm

50ppm

®  20ppm
\ooppm

PASAC 13
® 800ppm
® 500ppm

70
eo-.
50-.
40-

30

Phase (degree)

20

104

)

Figure 9 The Bode plot for brassin
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Figure 10 Equivalent circuit

All the obtained plots show only one semicircle dhdy were fitted using one time constant
equivalent mode with capacitance (C), the chargester resistance (R and Rs solution
resistance. The lower capacitance values for systewmoling water system -S1+Brass with
PASAC-11, PASAC-13 and PASAC-1, indicate the inhgemeity of the metal surface
roughened due to corrosion. The Cdl values decseasee with the increasing of the inhibitor
concentration and reaches very low values for fht@mum concentrations of inhibitors for all
the studied systems indicating the reduction ofgds accumulated in the double layer due to
the formation of adsorbed inhibitor layer.

In this study, FT-IR spectrometry was used to ifenthether there was adsorption and
to provide new bonding information on the brasdasg after immersion in the cooling water
system containing organic inhibitors [24-30]. Aflextra in these experiments were obtained at a
resolution 4critin the region 4000-650 ¢t
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Figure 11 FT-IR spectra of (a) PASAC1land (b) Bra€® ppm PASAC11+S1
The FT-IR spectrum of organic polymer PASAC11 amdsb immersed in cooling water S1
containing 100ppm PASAC11 is show in Figure 1la ahb. The FT-IR spectra of adsorbed
protective layer formed on the surface after immogrsn S1 containing optimum concentration

of inhibitor 1200ppm PASAC11 is shown in Figure 1A% can be seen all important peaks in



pure compounds appeared in adsorption layer oreldwtrode surface. The band around 3350
cm'is attributed to O-H stretching, which indicateattthe protective film contains;B. The
peak around 2780 chare assigned to C-H stretching vibration, the peaki$40 and 1413 ¢
corresponds to the C=0 and N-H.. The presence Nf C-O is indicated by their starching
modes at 1100 and 900 ¢niThis is already confirmed from the Langmuir agiion isotherm

studies
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Figure 12 FT-IR spectra of (a) PASAC13 and (b) B#¥&® ppm PASAC13+S1

The FT-IR spectrum of pure organic polymer PASAdsl8epicted in Figure 12a and the FT-IR
spectrum obtained for the brass immersed in coaliater systems type S1 containing 20ppm
PASAC13 inhibitor organic is presented in Figurd.1& broad peak at 3200¢hindicates the
presence of the C-H bond of the PASAC13 and thegmee of C=0, N-H, C-H is indicated by
their stretching modes at region 1642, 1491, 18252110 crit respectivelyThe FT-IR spectra
obtained for the brass immersed in cooling watetesyis type S1 containing 100ppm PASAC13
inhibitor organic is presented in Figure 12b. A ditoband in the range from 3340 tris
attributed to C-H, the appearance of the peakgiore1520crit is assigned to N-H symmetric
stretching vibration. The band around 3500démattributed to O-H stretching, which indicates
that the protective film contains,8. The peaks for C-N stretching modes can be asdignthe
region around 1450 cfiThe bands 1200 chand 1050 ciare attributed to C-O and C-N.
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Figure 13 FT-IR spectra of (a) PASAC1 and (b) Bf&Ssppm PASAC1+S1



The transmission FT-IR spectra obtained of pure organic polymer PASAC 1 and for the
brass immersed in cooling water systems type S1 containing 50ppm PASACI
inhibitor organic is presented in Figures 13a and 13b. This shows the
characteristics the bands for the adsorbed PASACl1 on the electrode surface. A
weak band in the range from 3300 cm'is attributed to C-H. The medium band
approximately 1582 cm' is assigned to N-H symmetric stretching vibration. The
peaks for C-N stretching modes can be assigned in the region around 1396 cm

1. The bands 1200 cm-iand 1020 cm'are attributed to C-0 and C-N.

brass +S1 before and
after a certain immersion in cooling water typevBth and without organic inhibitor. Analyzing
in comparison the Figures 14b, 14c, 14d and l4teelan be observed thai
These films
behave like a barrier between corrosive medium raethl surface and as a consequence the
corrosion process is inhibited - see in compartberfigures 14(a, b, c, d, e and f).[33-36]

Brass+50ppm PASAC-11+S1- Brass+100ppm PASAC-11+S1-



Brass+20ppm PASAC-13+S1 Brass+50ppm +S1-
e f)

Figure 14 Micrographies of the brass in coolingevaype S1 with and without organic inhibitor
PASAC-11, PASAC13 ana

Analyzing in comparison the figures 14(a-f), it daa observed that, the corrosive attack
is much more accentuated in the case of brass S1 system than in the case of

brass+ S1 +Xppm inhibitor systerm.

CONCLUSIONS



,-the organic inhibitor type PASAC-13 and PASACXdla higher
efficiency; PASAC-1 had a good efficiency.

The inhibition efficiency follows the order: PASAG3PASAC11>PASAC1
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