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Abstract

The effect of the concentration and nature of n@+alydroxy-3-(4-chlorophenyl-1-(4-
sulphonato (sodium salt)) phenyl triazene (HCST)corrosion and dezinfication of
70/30 brass in 0.5 M HN®solution has been investigated by weight lossthod.
Inhibition efficiency of this corrosion inhibitor & also evaluated at different
temperatures ranging from 303 K-333 K. It was obsérthat HCST showed 88.13%
inhibition efficiency at 303 K up to 0.005 Moncentration of inhibitor. Weight
loss method has been used to analyze the corrbsimawvior of the brass in the absence
and presence of different concentrations of inbibitThe corrosion inhibition
efficiency increases with increasing concentrabbmhibitor and decreases with rise in
temperatures. Activation energy )k enthalpy AH), entropy AS) and Gibbs free
energy AG) for corrosion process have also been calculdtkd.adsorption behavior
of HCST on brass surface has been found to obegrham adsorption isotherm.
Results reveal that hydroxytriazenes can be patlerdrrosion inhibitors.

Keywords: Hydroxytriazene (HCST), corrosion inhibitors, wieigoss method, brass,
nitric acid.

Introduction

Dezincification of brass is one of the well-knowndacommon processes by
means of which brass loses its valuable physicdl mechanical properties
leading to structural failure [1]. Corrosion hasotvgpecific forms: direct

chemical attack and electrochemical attack, anihis both types of corrosion
the metal is converted into a metallic compounchsag an oxide, hydroxide, or
sulfate. Bass has been the most commonly used materialitforgé such as

stop valves and control valves, shipboard condsengawer plant condensers
and petrochemical heat exchangers [2-4]. Due t@mwsrindustrial applications

and economic importance of brass, its protectiomairsg corrosion attracts
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much attention. One of the most important methadsorrosion protection is the
use of inhibitors [5-8].

Many organic compounds, especially those contaimpatar groups and/or
substituted heterocycle including nitrogen, sulphamd oxygen in their
structures, have been reported to inhibit the cooro of copper [9-12]. The
inhibiting action of these organic compounds is alisu attributed to the
formation of donor-acceptor surface complexes betwhe free or electrons

of an inhibitor and the vacant d-orbital of a mé1a3-14].

Hydroxytriazenes have been extensively used as trepbotometric and
complexometric reagents for estimation of almosangition metal series. A
number of reviews have been published by our laboraon application of
hydroxytriazenes [15-21]. They have also been sewefor their biological
activities. However, very few studies have been edan their corrosion
inhibitive properties. Studies have been done eir thehavior for protection of
brass in HN@ medium. It is proven that hydroxytriazenes are pibdé

corrosion inhibitors for brass and copper in amracai medium.

This paper focuses on application of hydroxytriaerfor their corrosion
inhibition.

Experimental section

Materials and methods

Synthesis of 3-hydroxy-3-(4-chlorophenyl-1-(4-sulphonato (sodium salt)) phenyl
triazene

Step I: Reduction of nitro compounds

In this step 0.05 moles of p-chloronitrobenzeneewereduced with Zn dust in
the presence of NACI in water-alcohol medium using a mechanical stirat
40-60 °C to obtain phenyl hydroxylamine. The resulting e was filtered
under suction and the filtrate was kept in fridgedol.

Step |lI: Diazotisation of sulphanilic acid

In this step 0.05 mole sulphanilic acid was dissdlin solution of sodium
carbonate and cooled to 0-5 °C. Sodium nitrite tgmu was added to
sulphanilic acid solution in acidic medium at 05 @nder constant mechanical
stirring to obtain p-sulphonatophenyldiazonium cide.

Step 1lI: Coupling

The diazonium compound prepared in step |l was @ddiewly to the
phenylhydroxylamine (product of step a) solutiord@nconstant stirring at 0-5
°C and the pH was maintained among 5-6 by adding soldium acetate. The
reaction mixture was further stirred for 15 minutdter complete addition of
diazonium compound. Sodium chloride was added ifficgent quantity to
saturate the solution. The final product obtained woluble in water, so washing
with H.O was avoided. The crude compound was recrystdllizem double
distilled water. Purity of the compounds was checlsy recording melting
points and other physical characterization metrsaath as IR, element analysis,
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'H NMR and Mass. It was found that the compoundgh®&gized are in pure
state.

Characterization

IR spectral analysis and following bands were oleskr

IR in cnt; 3463 (O-H str.), 3207(N-H str.), 3050 (C-H str)A2948 (C-H str.,
CHg), 1632 (N=N str.), 1419 (N-Nstr.), 1320 (N-O strg7(C-Cl str.Ar.). The
spectra showed the compound to be in pure statepéRtra were recorded on FT
IR. NMR- 6 (ppm) -12.17 (O-H, s), 7.47-8.11 (multiplet, 8H).

Specimen preparation

The brass specimens having the chemical composifi@u ~70% and Zn~ 30%
from commercial material were used for experimérytsveight loss method with

specimens of the dimensions (2.5 x 2.5 x 0.1) cathEspecimen was polished
with emery paper, washed with acetone and rinsedistifled water and dried

in an oven and then accurate weight of specimens determined using an
analytical balance of 0.0001 gm accuracy. Theseis@ns were placed in a
beaker having 100 mL solution of 0.5 M H§@ith and without inhibitor using

‘V’ shape hanging capillary.

Weight loss method

After initial weighing, the specimens in duplicatere immersed in 100 mL of
acid solution in the presence and absence of diffeconcentrations of the
inhibitor at various temperatures ranging 303-333TKermostated water bath
was used to maintain temperature; after 24 hoursersion, the specimens
were taken out, washed, dried, and the final weigdre noted. From initial and
final weight of the brass specimen, weight lossgim, corrosion rate (CR) in
gm cm?hl, inhibition efficacy percentage (IE), and surfacverage ), were
determined using equations 1, 2 and 3, respectj22ip4].

CR =AW/At (1)

where CR is the corrosion rate (mgémt), AW is the weight loss (g), A is the
surface area, and ttise immersion time in hours.

IE% = [(Wo-W)/W,] X 100 )
0 = [(Wo-W)/Wo] (3)

whereW, and W are the weight-loss in absence and presence ohkhieitor,
respectively.

Atomic adsorption spectroscopy

The spectroscopy has been used to find out theeotmration of dissolved copper
and zinc in medium solution in which metal / allggt corroded in the absence
and presence of the inhibitor. The concentratidrdissolved copper and zinc in
mg/L in blank solutions and in solution containiBgl0® moles of the HCST
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after corrosion at 303 K are shown in Table 1, #agercentages have been
calculated using equation (4) and are also givehaivie 1.

% IE = G-Ce /Co (4)

where @ is the concentration of Cu and Zn in solution withmhibitor (Blank),
and Cgis the concentration of Cu and Zn in solution vithibitor.

Table 1 Dependence of corrosion rates on concentrationHGIST at various

temperatures.
Inhibitors 303 K 313 K 323 K 333 K
Inhibitors | concentration
(moles) CRx10*| %IE | CRx10*| %IE | CRx10%| %IE | CRx10%| %IE
Without blank 15.11 26.58 27.64 51.64
inhibitor
5x10° 7.46 50.59| 14.10 46.92 17.08 38.18 34.10 33.95
HCST 5x104 4.40 70.84| 10.81 59.31 14.59 47.29 30.74 40.45
5x103 1.79 88.13| 7.5 71.78 9.24 66.57 19.24 62|74
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Figure 1. Effect of concentration ofa) IE and(b) corrosion rate.

Results and discussion

Effect of concentration of HCST on corrosion rate and inhibition efficiency

The effect on corrosion rate of brass in the absentd presence of various
concentrations of the inhibitor (HCST) was studfemm 303 to 333 K in 0.5
M HNOz medium. The result (Fig. 1) shows that the coowsiate of brass
decreases with increasing the concentration ofinthibitor at all temperatures
in 0.5 M HNG;, which shows an increase in adsorptions of the itdrilon the
surface of the brass. The corrosion inhibitioncgéicy of the inhibitor for brass
increases as the concentration of inhibitor in@easnd decreases with
increasing temperature. The IE of HCST is due te #dsorption of its
molecules on the brass metal surface. This als@mdkp on the number of
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active sites in the molecule, molecular size andlenof interaction between
metal and inhibitor.

Effect of temperature on inhibition efficiency and corrosion rate

The temperature dependence of IE has been workedyulotting graphs
between temperature and % inhibition efficiency)(IEhe corrosion rate of
brass in nitric acid solutions with and withoutilmitors (HCST) has also been
studied at different temperatures ranging from 303333 K. The resultant
observations are shown in Table 1. Fig. 2, is &ayplot of HCST showing that
as the temperature increases the inhibition effyedecreases. The maximum
percentage inhibition is 88.13% at the highest eatration 0.005 M at 303 K.
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Figure 2. Temperature dependence of IE.

Adsorption isotherm
Adsorption isotherms are used in determining thehaerism of any organo-
electrochemical reaction. Inhibition efficiency (¥)directly proportional to the
surface covered by the adsorbed molecf@)e The adsorption isotherm shows
the relationship between the surface coverage téhadsorbed species and the
concentration of inhibitor in solution. The valuétbe surface coverag®)(at
different concentrations of the inhibitors in 0.5HINOs acid solution was fit to
adsorption isotherms. HCST inhibitor is found teeglangmuir adsorption
isotherm because the plot of6G/s. C is linear. The isotherm is described by
equation (5) [25-26].

Ch=1/K+C (5)

where C is the inhibitor concentration, K is thesagbtion equilibrium
constant and is the surface coverage.

Thermodynamic parameters

Determination of activation energy

The temperature dependence of the inhibition efficy and activation energy in
the presence and absence of the inhibitor givesrieehanism of the inhibitor

adsorption. Inhibition efficiency decreases witlcremsing temperature, and
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activation energy (B increases in the presence of the inhibitor coexgbao
that in the absence of the inhibitor [27]. Thus #dwivation energy (& for the
corrosion process with and without the corrosidmhbitor was evaluated from
Arrhenius equation (eq. 6).

The mathematical expression between the corrositen (CR) and temperature
(T) is generally expressed by the Arrhenius equd8-29]

log CR = (-&/2.303R) + log A (6)

where CR is the rate of corrosion, A is the frequefactor, B is the apparent
activation energy, R is the molar gas constantTaisdthe absolute temperature.
Fig. 3 curves show the Arrhenius plot in absenak@mesence of the inhibitor in
solutions. Regression coefficients were found to/éxgy close to 1, which shows
a good relationship between log CR and 1/T. Sttdigles were obtained with
slope of -&/2.303R. The activation energysjRvas calculated from the slope of
Arrhenius plot (& = 2.303 x 8.314 x slope). The activation energyeases as
the concentration of the inhibitors (HCST) incre;asehich indicated physical
adsorption on the brass surface. The activatiomggnef the corrosion process
was greater than 20 kJ mo]30]. Values of B for the corrosion reaction were
calculated and have been given in Table 2.
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Figure 3. The Arrhenius plot of log CR vs.1/T in presencal absence of inhibitor
(HCST).

Table 2 Energy of activation in kJ/mol at various concatibns.

Concentration Activation energy
L Slope
of inhibitor (Ea) kd/mol
Blank -1.63 31.28
5x 10° -2.06 39.48
5x 104 -2.65 50.75
5x 108 -3.20 61.31

The values of activation energysfHor brass corrosion in the presence of HCST
in 0.5 M HNG are shown in the Table 2. The data show that tiadion
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energy (B) in the presence of HCST is higher than withoué timhibitor.
Activation energy E was found to be 31.28 kJ/mol for 0.5 M Hi@nd
increased to 61.31 kJ/mol in the presence 0.00%Mentration of inhibitor at
303 K, showing that the adsorbed organic molectdeiged a physical barrier
to the charge and mass transfeading to reduction in corrosion rate [31].

Determination of enthal py and entropy

Other thermodynamic parameters such as enthaply and entropy AS) of

activation of the corrosion process may be evatldr®m the effect of
temperature. The enthalpyAHl) and entropy AS) of activation of the
corrosion process was calculated from equation({ransition state theory)

[32]:
(7)

where CR is the corrosion rate (gménr), h is the Plank’s constant (6.62x%0
J.s), N is the Avogadro’s number (6.022¥30mol?), R is the universal gas
constant (8.3144 J:Kmol?), and T is the absolute temperature.

CR = RT/Nh) exp SR) exp €4AH/RT)
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Figure 4. Plot of log (CR/T) and (1000/T) for brass innimbited and inhibited 0.5 M
HNO3 solution.
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Table 3. Enthalpy and entropy of the reaction with variocaacentrations of HCST.

Inhibitors’ Conc. of AH AS
name inhibitors (kJ/mol) | (J/mol K)
3-hydroxy-3-(4- blank 28.78 -203.59
chlorophenyl-1-(4- 5x10° 36.80 -182.96
sulphonato(sodium  5x10* 48.25 -149.22
salt)phenyltriazeng  5x10° 58.81 -120.55

A plot of log CR vs. 1000/T (Fig. 4) is a straidlte graph with a slope of (-
AH /2.303R) and an intercept of (logR/NhAS /2.303R) from which the values
of AH (AH = SlopexR) andS (AS=(Intercept- INnR/Nh) 2.303R) were calculated
[33-34]. The results presented in Table 3 show thatenthalpy of activation
values is positive, which reflects the endotherméture of metals or brass
dissolution process [35]. Also, the entropies oftivation energy were
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positive, indicating that the activation complepnmesents association steps and
that the reaction was spontaneous and feasible [36]

Determination of Gibbs free energy

The Gibbs free energy of adsorptiond) characterizes the interaction of
adsorption molecules and metal surface, which wadsutated by equation
(8). The values ofAG obtained are presented in Table 4. The negatiiges
of AG ensure the spontaneity of adsorption process sadility of the
adsorbed layer on the brass surface. Generallyyvahees ofAG around -20
kJ/mol or lower are consistent with physisorptiaile those around -40kJ/mol
or higher involve chemisorption. As shown in theblEa4, results obtained
indicate that the values oG are negative. This implies that the HCST is
adsorbed on the surface of brass specimen andves givery strong inhibition
of corrosion. The values &fG were calculated by the slope of plot ob @5.
C, Fig. 5, which shows Langmuir adsorption isothe@ompound HCST, used
as an inhibitor, is found to obey Langmuir adsanptisotherm because the plot
of C/6 vs. Cis linear.
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Figure 5. The plot of (&) versus C was linear with the intercept equal/t¢ fbr the
HCST.

The values for slope and correlation coefficierd (Rr the HCST at various
temperatures are shown in the Table 4.

AG = -2.303RT log (55.5K) (8)

Atomic adsorption spectroscopy

These corrosion studies the concentration of cedodand protected Cu and Zn
were determined by AAS and the results have beewrshin Table 5. The
results indicate that out of brass sample Zn isocled at higher rate than Cu.
Further, the inhibitors are more effective to pebteorrosion in case of Zn than
in copper. The % IE by this HCST is 93.29%. We tadhe that we can explore
this corrosion inhibitor for brass and zinc.
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Table 4. Gibbs free energy at various temperatures ofd@dwxy-3- (4-chlorophenyl-1-
(4- sulphonato (sodium salt)) phenyl triazene (HCST

Temperature (K) | Slope AG(kJ/mol) R?
303 1.25 -32.36 0.9985
313 1.39 -33.4 0.9986
323 1.44 -33.33 0.9966
333 1.48 -33.99 0.9958

Table 5.Concentration of dissolved Cu and Zn in solutiamihg 0.005 M HCST at 303
K.

Inhibitors cu %IE Zn %IE
concentration(ppm) concentration(ppm)
Blank(without inhibitor) 38.85 399.5
HCST 29.6 23.80 26.65 93.32

Conclusions

The main conclusions are as follows:

1. 3-hydroxy-3-(4-chlorophenyl-1-(4-sulphonato (smd salt)) phenyl triazene
(HCST) shows strong inhibitive action against tlerasion of brass in 0.5
M HNO3.

2. The inhibition efficiency increases with incregs the inhibitor
concentration up to 0.005 M and decreases as tiygetrature increases.

3. The adsorption of hydroxytriazene on brass obkegsgmuir adsorption
isotherm.

4. Hydroxytriazenes are better corrosion inhibitalge to then-electrons
contribution of benzene ring and presence of malsomption sites. And
these significands are introducing phenyl group &@3 H group in
compounds.
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