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ABSTRACT

The inhibiting action of 5-[hydroxy(phenyl)methgmethylpyridazin-3(2H)-one (HPMR)n
the corrosion of copper in nitric acid has beendstd. The results from weight loss and
electrochemical impedance measurements consistetelytify HPMP as a good inhibitor.
Impedance spectroscopy revealed that the corrosibrtopper in nitric acid solution was
influenced to some extent by charge transfer. mhibition efficiency increases with increase in
inhibitor concentration but decrease with rise enperature (303-343K). The adsorption of
HPMP onto the copper surface was found to follog lthngmuir adsorption isotherm. Various
parameters (E 4G ags Kag9 for adsorption reveal a strong interaction betwdahibitor and
copper surface. The negative values 48 ¢ indicate the spontaneous adsorption of the
inhibitor on copper surface. Both kinetic paramstéactivation energy, pre-exponential factor,
enthalpy of activation and entropy of activatiorgre/ calculated and discussed.

Keywords. Copper; Nitric Acid;Corrosion Inhibition; Pyridazin@Veight Loss

INTRODUCTION

Copper has been one of the preferred materialsduastry owing to its excellent electrical and
thermal conductivities, good mechanical workabijlignd relatively noble properties. It is
commonly used as a material in heating and coaysems. Scale and corrosion products have
a negative effect on heat transfer, causing a deeren heating efficiencies of the equipment,
which is why periodic de-scaling and cleaning itriaiacid and hydrochloric acid pickling
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solutions are necessary. Corrosion inhibition qfpsr can be achieved through the modification
of its interface by forming self assembled orderdttathin layers of organic inhibitors.
Commonly used inhibitors for copper corrosion aeid compounds that should be replaced
with the new eco-friendly inhibitors. Most of thehibitors are organic compounds and their
derivatives such as azoles [1-20], pyridazine [2122], quinoxaline
[23-26], amine[27], amino acids [28], thiophene and its derivesiy29-31] and many others. It
is noticed that presence of heteroatoms such asgait, sulphur, phosphorous in the organic
compound molecule improves its action as coppemsan inhibitor. This is explained by the
presence of vacant d orbitals in copper atom tbiah fcoordinative bonds with atoms able to
donate electrons. Interaction with rings containtogjugated bonds, electrons, is also present.
This paper reported our attempt to use electrooteEmimpedance spectroscopy (EIS),
potentiodynamic polarization, weight loss and tletioal calculations to investigate the nature of
adsorption of Pyridazine on the copper surface.stheture of HPMP is shown in Fig. 1.

H3;C

/N\NH
HO e <

Fig .1 The molecular structure of HPMP.
MATERIALSAND METHODS

2.1. Materials and reagents

Copper strips containing 99.5 wt.% Cu, 0.001wt.% Ni, @0A4t.% Al, 0.004 wt.% Mn, 0.116
wt.% Si and balance impurities were used for etettemical and gravimetric studies. The
Copper samples were mechanically polished usirfgrdiit grades of emery paper, washed with
double distilled water, and dried at room tempegatédppropriate concentration of aggressive
solutions used (2M HN¢) was prepared using double distilled water.

2.2. Electrochemical measurements

+« Electrochemical cell

The electrolysis cell was a pyrex of cylinder clbd®y cap containing five openings. Three of
them were used for the electrodes. The workingtlde was copper with the surface area of
0.28 cnf. Before each experiment, the electrode was palisieng emery paper until 2000
grade. After this, the electrode was cleaned wtraslly with distillate water. A saturated
calomel electrode (SCE) was used as a referentpoféntials were given with reference to this
electrode. The counter electrode was a platinute piBsurface area of 1 ém

The aggressive medium used here is 2M HNGIution was prepared with concentrated HNO
and distilled water. The molecule structure of g@grine tested are shown in Fig. 1. The
concentration range of this compound wa$ «10° M.

+ EISmeasurements

The electrochemical impedance spectroscopy measutemvere carried out using a transfer
function analyser (Tacussel Radiometer PGZ 301i) wismall amplitude ac. Signal (10 mV
rms), over a frequency domain from 100 KHz to 10zvdt 303 K and an air atmosphere. The
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polarization resistance pR is obtained from the diameter of the semicircte Nyquist
representation.

2.3. Weight loss measur ements

Gravimetric experiments were carried out in a dewislled glass cell. The solution volume was
50 cnt; the temperature of 303 K was controlled therntistly. The weight loss of copper in
2M HNOs with and without the addition of inhibitor was dathined after immersion in acid for
1 h. The copper specimens were rectangular inatme (2 cm x2 cm x 0.20 cm).

RESULTSAND DISCUSSION

3.1.Gravimetric measur ements

3.1.1.Effect of temperature and thermodynamic activation parameters

In order to study the effect of temperature onititebition efficiencies of HPMP, weight loss
measurements were carried out in the temperatmigera03-343K in absence and presence of
inhibitor at optimum concentration. The correspoigdilata are shown in Table 1.

The corrosion rate (W) was calculated from theofwlhg equation:

W = (m-m) 1)
(S

where m is the mass of the specimen before corrosiontha mass of the specimen after
corrosion, S the total area of the specimen, ttmeosion time and W the corrosion rate.

With the calculated corrosion rate, the inhibitefficiency of inhibitor for the corrosion of C38
steel was obtained by using the following equaf&#]j:

W,
IE,, (%) = (1~ % )x 100 2
W(%0) = (=) (2)

corr

Weor and Weorr are the corrosion rate of steel samples with arihowt the inhibitor,
respectively. The degree of surface coveragewas calculated using equation 3 [32]:

W,
©@=1-—cor 3
W, 3)

corr

Table 1. Various corrosion parametersfor copper in 2M HNO3 in absence and presence of optimum
concentration of HPMP at different temperaturesat 1h

Temperature (K) Inhibitor W(mg/cnf.h) E, (%) ©

Blank 1.78 -
303 HPMP 0.12 93.2 0.932
Blank 7.33 - -
313 HPMP 0.50 93.2 0.932
Blank 24.97 - -
323 HPMP 3.41 86.4 0.864
Blank 70.82 - -
333 HPMP 17.97 74.6 0.746
Blank 186.61 - -
343 HPMP 76.35 59.1 0.591
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Fig 2. Variation of corrosion ratein 2M HNO3 on copper surface without and with of optimum concentration
of pyridazine at different temperatures

Inspection of Table 1 showed that corrosion rateeiased with increasing temperature both in
uninhibited and inhibited solutions while the initikn efficiency of HPMP decreased with
temperature. A decrease in inhibition efficienorgth the increase temperature in presence of
HPMP might be due to weakening of physical adsompti

In order to calculate activation parameters for tleerosion process, Arrhenius Eq. (4) and
transition state Eq. (5) were used [33]:

-E
C, = Aex £ 4
= nex =) @
_RT ASy _AHg 5
CR——Nhexp( R Jexp[ —RTJ (5)

Where & is the corrosion rate, R the gas constant, T theolate temperature, A the pre-
exponential factor, h the Plank’'s constant and Avisgrado's number, Fhe activation energy

for corrosion processAH, the enthalpy of activation antiS; the entropy of activation.

The apparent activation energieg)(at optimum concentration of HPMP was determingd b
linear regression between Liy@nd 1/T (Fig. 3) and the result is shown in Tahl&he linear
regression coefficient was close to 1, indicatihgt tthe copper corrosion in nitric acid can be
elucidated using the kinetic model. Inspection abl€ 2 showed that the value of determined

in 2M HNO; containing HPMP is higher (142.44 kJ fpthan that for uninhibited solution
(100.21 kJ mot). The increase in the apparent activation energy be interpreted as physical
adsorption that occurs in the first stage [34]. Uezaand Brand explained that the increase in
activation energy can be attributed to an appréeidbcrease in the adsorption of the inhibitor
on the copper surface with increase in temperaAseadsorption decreases more desorption of
inhibitor molecules occurs because these two opppsbcesses are in equilibrium. Due to more
desorption of inhibitor molecules at higher tempares the greater surface area of copper comes
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in contact with aggressive environment, resultingreased corrosion rates with increase in
temperature [35].
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Fig. 3. Arrheniusplots of log Cg vs. 1/T for copper in 2M HNOs in the absence and the presence of HPM P at
optimum concentration.

Fig. 4 showed a plot of Ln ¢T) versus 1/T. The straight lines are obtainedhwitslope AH,

/R) and an intercept of (Ln R/Nh AS°, /R) from which the values of the values H_ and
AS, are calculated and are given in Table 2. Inspectb these data revealed that the
thermodynamic parametersAll, and AS)) for dissolution reaction of copper in
2M HNO; in the presence of HPMP is higher (139.76 kJ hhan that of in the absence of
inhibitors (97.53 kJ md). The positive sign ofAH_ reflect the endothermic nature of the

copper dissolution process suggesting that theldissn of copper is slow [36] in the presence
of inhibitor.

Table 2 Activation parametersfor the copper dissolution in 2M HNO; in the absence and the presence of
HPM P at optimum concentration

Linear . . Kads AG ags
A regression E, AH, AS (M7 (kd/mol)
(mg/ent.h) Coelzf')C'em (kd/imol)  (k3/mol) (I/mol.K)
r
Blank 3.6627X1q 0.99908 100.21 097.53 082.36 -
HPMP 3,7074x16° 0.99852 142.44 139.76 197.32 147761:40.10

The entropy of activatiol\S, in the absence of inhibitor is positive and thiue increases

positively with the HPMP. The increase A5, implies that an increase in disordering takes
place on going from reactants to the activated ¢ex[37].
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Fig. 4. Arrheniusplots of log Cr/T vs. 1/T for copper in 2M HNOs in the absence and the presence of HPM P
at optimum concentration.

3.1.2. Adsor ption isotherm

Basic information on the interaction between thHahitor and the metal surface can be provided
by the adsorption isotherm, and the type of thébitdrs on metal is influenced by (i) the nature
and charge of the metal (ii) chemical structureghaf inhibitor and (iii) the type of electrolyte.
The degree of surface covera@y Of copper electrode by adsorption of investigateshpounds
was calculated using the equation 3.

The values of®) for different concentrations of the studied comnpas at 303K have been used
to explain the best isotherm to determine the gd®or process. The adsorption of this
compound, on the surface of copper is regarded sgbsatitution adsorption process between
organic compound in aqueous phase [Org(sol)] haedvater molecules adsorbed on Cu surface
[H2O(ads)] [38]:

Or9s0n ¥ " Oads)™ ©CMadsy* " O (so

Where (n) is the size ratio, that is, the numbemater molecules replaced by one organic
inhibitor. Attempts were made to fil®] values to various isotherms, including Langmuir,
Frumkin, Temkin and Freundlich isotherms. In thisdy, Langmuir adsorption isotherm was
found to be suitable for the experimental findinbise isotherm is described by Eq (6) :

=1 osc, ©)
© Kads
With
AG;ds =-RTLA(55.5K,) (7)

where Gy, is the inhibitor concentration, & is the adsorption equilibrium constanG ags is
the standard free energy of adsorption, 55.5 itimeentration of water in the solution in mol
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dm?, R is the universal gas constant and T is thelatsstemperature in Kelvin. The plot of,¢

/@ vs. C gives straight line (Fig. 5) (correlatiorD98), the deviation of the slope from unity
(for ideal Langmuir isotherm) can be attributedhite molecular interaction among the adsorbed
inhibitor species [39].

0,0012
0,0009+
® 0.0006;
\C
£ 1
= 0.0003 (= wowe |
0,0000+

T T T T T T T T
0,0000 0,0003 0,0006 0,0009 0,0012
C,, (moliL)

Fig. 5. Langmuir isother m adsor ption model of HPM P on the surface of copper in 2M HNO;

The values of Ky4sand AG;dswere calculated at 303K and are listed in Tabléhz standard

o

ds) Ccalculated from Eq. (7), is - 40.10 kJ mhol

(Kags= 147761.1 L m(ﬂ). The negative value of the standard free enef@dsorption and the
high values of the adsorption constant indicatgp@ntaneous adsorption of this inhibitor on
copper. Generally, the energy values of - 20 kJ'nwl less negative are associated with an
electrostatic interaction between charged molecate$ charged metal surface, physisorption;
those of - 40 kJ mdl or more negative involve charge sharing or tranifem the inhibitor
molecules to the metal surface to form a coordicatealent bond, chemisorption [40, 41]. The
calculatedAG,, value of slightly more negative than - 40 kJ fhandicate, therefore, that the

adsorption mechanism of the investigated HPMP @peoin 2M HNQ solution is typical of
chemisorption (Table 2).

free energy of adsorption AG

3.2.Electrochemical impedance spectr oscopy

The corrosion behaviour of copper in 2M Hj$blution, in the absence and presence of HPMP,
is also investigated by the EIS at 303 K after 3 mf immersion. The charge-transfer
resistance (R values are calculated from the difference in idgree at lower and higher
frequencies, as suggested by Tsuru et al. [42]. dtwble layer capacitance ICand the
frequency at which the imaginary component of thpedance is maximal (x4, are found as
represented in equation:

Cy= (ij wherew = 277f,_, 9)
wR

The inhibition efficiency got from the charge tréargesistance is calculated by:
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£ 9= R 169 (10)
R

(inh)

Where Rinny and R are the charge transfer resistance in the presance absence of
HPMP, respectively.

Fig. 6 shows Nyquist plots obtained from ac impegameasurements for copper in 2M HNO
in the presence of different concentrations of itiiebitor HPMP. Various parameters such as
charge-transfer resistance (R double layer capacitance {Cand f,ax were obtained from
impedance measurements and are shown in Table 3.

Table 3 Corrosion parameter s obtained by impedance measurementsfor copper in 2M HNO; at various
concentrations of HPM P.

Inhibitor Conc (M) R(Q.cnf) fu. (Hz) Gy (uF/ent)  Eg (%)

Blank 2 91.4 15.82 110.1
10° 783.1 01.58 128,5 88.3
HPMP 10* 690.8 02.80 082.1 86.8
10° 245.4 05.00 129.8 62.7
10° 130.3 08.92 136.9 29.8
800
HPMP
= 2MHNO,
e 10°M
&= 6001 A 10'M
o 10°M
e 10°M
< 400
)
Ng . o © e & o o, ° .
T 2001 IV IE P OU °.
; :AA AAA ..0
0_;@‘* T T T T T T )I T
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Z_(Ohm.cnf)

Fig. 6. Nyquist plots of copper in 2M HNO; containing various concentration of HPM P.

It is found (Table 3) that, as the HPMP concentraincreases, the;Ralues increase, but the
Cq values tend to decrease. The values ptaCHPMP, are superior to those obtained for blank.
This increase can be attributed to a hydratiorheffiim due to absorption of the electrolyte in
the film. It is apparent from Nyquist diagrams thia¢ charge-transfer resistance value of copper
in uninhibited 2M HNQ solution changes significantly after the additioh the inhibitor.
FurthermoreCy decreases with increase of the concentration hobitor. This phenomenon is
generally related to the adsorption of organic rmalles on the metal surface and then leads to a
decrease in the local dielectric constant and/oinanease in the thickness of the electrical
double layer [43].
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€46

dl = s S )
Whered is the thickness of the protective layer, S is #tectrode areag, the vacuum
permittivity of vide ande is dielectric constant of the medium.

C

A low capacitance may result if water moleculethatelectrode interface are largely replaced by
organic inhibitor molecules through adsorption [4Bhe larger inhibitor molecules also reduce
the capacitance through the increase in the doldjer thickness [45]. The inhibiting
effectiveness increases with the concentratiorhefinhibitor to reach a maximum value from
88.3 % to 1G M.

CONCLUSION

The following conclusions can be drawn from thisdst

e All measurements showed that the pyridazine haliexdt inhibition properties for the
corrosion of copper in 2M HN@solution. The weight loss measurements show that t
inhibition efficiency decreases with increasing pemature and reaches its highest value (93.2
%) at 10° M concentration at 303K.

* The negative values afG ' indicate that the adsorption of the inhibitor mallecis a
spontaneous process and an adsorption mechanigpical of chemisorption.

* The adsorption of HPMP on copper surface from 2MO4Mbeys the Langmuir adsorption
isotherm.

¢ Impedance method indicates that HPMP adsorbs oncdpger surface with increasing
transfer resistance and decreasing of the doulpés-apacitance.
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