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ABSTRACT

The effect of addition of 1,5-di(prop-2-ynyl)-1krazolo[3,4-d]pyrimidine-4(5H)-thione (P1) on thercosion of
steel in hydrochloric acid 1M has been studied bgight loss measurements, potentiodynamic and EIS
measurements. The corrosion rates of the steekdserwith the increase of the inhibitor concentmatiwhile the
inhibition efficiencies increase. The addition ob-ilj(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5Hhione
(P1) enhances the inhibition efficiency considerablye presence of this inhibitor increases the degf surface
coverage. E (%) obtained from the various methadis igood agreement. Polarisation measurements siisw
that the 1,5-di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pwridine-4(5H)-thione act as mixed type inhibitor.

Key words: corrosion, inhibition, mild steel, 1,5-di(prop-23yi+1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione,
electrochemical system, HCI| 1M.

INTRODUCTION

The importance of inhibitive protection in acidiolwions is increased by the fact that steel malgriwhich are
more susceptible to be attacked in aggressive madighe commonly exposed metals in industrialrenments. It
is shown that the protective properties of suchpmmnds depend upon their ability to reduce corrosate and are
enhanced at higher electron densities around thegen atoms [1-7]. Among these compounds, ketaresnuch
known as good inhibitors in aggressive media [831Y inhibitive properties arise from their abilttybe adsorbed
onto the electrode surface. The relation betweerattsorption inhibition mechanism and variatiotthia electronic
structure of the inhibitor has been studied [11-15]
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Scheme 1: 1,5-di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyimidine-4(5H)-thione(P1)
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In this paper, electrochemical polarisation, EI8 gnavimetric techniques are applied to study thiéty of 1,5-
di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5Hpione (P1) Scheme 1. to inhibit the corrosiorstefel in 1M
HCI. The effect of temperature is also studied.

MATERIALS AND METHODS

2.1. Materials:

Corrosion tests were performed using coupons peepfiom steel having the composition: 0.09%P; 0.38%
0.01% Al; 0.05% Mn; 0.21% C; 0.05% S and 99.21 %weEee polished with mery paper up to 1200 gradehed
thoroughly with double-distilled water, degreaseithwAR grade ethanol, acetone and dried at roonpézature.
MS samples of size 1.0 x 1.0x 1.0 cm and MS powdere used for weight loss studies. For electrocbami
studies, specimens with an exposed area of“im@re used. These specimens were degreased uitaowith 2-
propanol and polished mechanically with differeradgs of emery paper to obtain very smooth surface.

2.2. Solutions:

The test solutions were prepared by the dilutioaradlytical grade 37 % HCI with distilled water wgpthe optimum
inhibitor concentration of 1,5-di(prop-2-ynyl)-1Ha@azolo[3,4-d]pyrimidine-4(5H)-thione (P1). For ptudies, the
test solutions were prepared by the dilution ofiltesl water up to the optimum concentration, whigas reached
by adjusting the pH using HCI and NaOH. Inhibitoasmdissolved in acid solution at required concéintna in
(Mol/L) and the solution in the absence of inhibiteas taken as blank for comparison purposes. &stesblutions
were freshly prepared before each experiment byngdt 5-di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidé4(5H)-
thione (P1) directly to the corrosive solution. Exments were conducted on several occasions tarens
reproducibility. Concentrations of 1,5-di(prop-2yn1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (Plyere 10
°10° 10* and 10°Mol/L.

2.3. Synthesis of inhibitors

(0,54 g, 3.04 mmol) of 1,5-di(prop-2-ynyl)-1H-pyrda[3,4-d]pyrimidine-4(5H)-one and (0,84 g, 3.65nal) of
phosphorus pentasulfide were refluxed in pyridiore4 h. Then the solvent is evaporated under redyressure;
the precipitate formed is washed with hot water @emlystallized from ethanol solution to afford titte compound
as yellow blocks [16-18].
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Scheme 2: Characterization of 1,5-di(prop-2-ynyl)-H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1)
The analytical and spectroscopic data are confayiarihe structure of compound formed.

(P1).Yield = 45%; Spectre de RMMN (DMSO) 5 8.1 (s,1H,CH), 8.34 (s,1H,CH), 4.59 (dd, 2H, N5GH24.59,
%J=4.57Hz), 4.89 (dd, 2H, 8H,, °J=4.9,"J=4.68Hz), 4.94 (m, 2H, =G+3=4.9,3=4.6), 5.1 (m, 2H, =CI*J=5.1,
43=4.8), 5.95 (m, 1H, =CH3J=5.93 4J=5.63), 6.02 (m, 1H, =CHJ=5.91,%)=5.71Hz). Spectre de RMfC
(DMSO) : 35.22, 37.06 NCH 76.1, 76.2CH ; 78.3, 79.1, 105.4, 135.6, 150.8, 151.3 C0@,4€=S.

Spectre de masse (IE) *vh/z) =216.

RESULTS AND DISCUSSION
3.1.Weight Loss Measurements
The gravimetric method (weight loss) is known to the most widely used method of monitoring inhiti

efficiency [19-22]. Weightoss is measured on sheets of steel of apparefaiceuarea of 2 ci These sheets are
abraded successively with fine emery paper untdOlgrade. The sheets are then rinsed wittilled water,
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degreased and dried before being weighed and inethénss0mL of the corrosive medium. The immersiametfor
the weight loss is 6h at room temperature 308°Kiirwithout bubbling in a double walled glass eguipped with
a thermostat-cooling condenser. Corrosion rate deisrmined by hanging the steel coupon in acidtissiuvith
and without inhibitor. Each value is the mean gflitate experiences.

The percent inhibition, E% for the weight loss neethis calculated as follows:

Wi —

E (%) = Wo

M 100 1)

wi and w are the corrosion rates of steel samples withvatitbut inhibitor, respectively.

Table 1. Weight loss mesurements of different connration with and without presence of 1,5-di(prop-2ynyl)-1H-pyrazolo[3,4-
d]pyrimidine-4(5H)-thione (P1) in HCI 1M medium

. Concentration w E
Inhibitor M) (mg.cn?h?) | (%)
1M HCI - 0.3200

10-6 0.0370 88.42

. 10-5 0.0233 | 92.1f
Inhibitor (P1) 104 0.0183 | 94.2p
10-3 0.0130 95.92

Steel samples were immersed for 6h at 308 °K iatadrlM HCI at various contents bf5-di(prop-2-ynyl)-1H-
pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1Jable Tollects the variation of the corrosion rate ofestwith the
inhibitor concentration. The calculated inhibitiefficiencies of the naturally oil are also givenTiable 1.

it is clear that 1,5-di(prop-2-ynyl)-1H-pyrazolof3d]pyrimidine-4(5H)-thione (P1) showed a best hitive effect,
the efficiency reach until 95.92 % in 1M HCI medium

This result could be explain by the presence ofeqwhr structure containing heteroatoms having driddasicity
and electron density on the hetero atoms suchasdNsubstituents have tendency to resist corrosion.

3.2. Adsorption isotherm

Metal Surface providing us several information ahtbe adsorption mechanism of the inhibitors onghdace by
studying the relationship between the concentradiot the surface coverage. Many isotherms are eenplto fit
the experimental data such as Langmuir, Temkinpnkia etc...

It is found that the adsorption of studied inhibstcon steel surface obeys the Langmuir adsorpsothérm
equation:

€_1
f=i+c )

Where C is the concentration of inhibitor, K thesaigbtion equilibrium constant, afids the surface coverage.

Plots of Ch against C yield straight lines as shown in Figlrand the corresponding linear regression paramete
are listed in Table 2. These parameters indicatimg adsorption of 1,5-di(prop-2-ynyl)-1H-pyrazolgf3
d]pyrimidine-4(5H)-thione (P1) on steel surface ybeangmuir adsorption isotherm.

Furthermore, the adsorption equilibrium constar} igrelated to the standard free enengy° by the following
equation:

AG®_,. = —RT.In(55,5.K) 3)

ads

Where R is the gas constant (8.314 J iol"), T the absolute temperature (K), and the values 5§ the
concentration of water in the solution.
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Figure 1. Langmuir adsorption of 1,5-di(prop-2-yny)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1) m the mild steel in HCI 1M
medium

Table 2 : Thermodynamics parameters adsorption ofrihibitors (P1) on the steel mild in HCI 1M media

Measurements | Inhibitor K ads AG°,s | Linear coefficient
kJ mol? regression (r)
Weigh tloss (P1) 122616 | -8.64

The table 2 represent th&G’gs values, the negative values of the free energynmehat the inhibitor was
spontaneously adsorbed on mild steel-electrolyterface. It has been reported that values\Gf,qs up to -20

kJ/mol are consistent with the physisorption; thassund -40 kJ/mol or higher are consistent witbrnaisorptions

[23]. In the present study, the value/dB’,qsis -8.64 kJ mol-1, probably means that the adsmif 1,5-di(prop-2-

ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (lPbn the steel surface exhibits is physical adsampt

3.3. Electrochemical measurements

3.3.1. Potentiodynamic polarization curves

Potentiodynamic anodic and cathodic polarizatiaisgpfor mild steel specimens in 1 M HCI solutiorttie absence
and presence of different concentrations of 1,prdif-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-tbme (P1) at
308 °K are shown in Figure 2. The respective kinpirameters including corrosion current densigy;)Icorrosion

potential (Eorr), cathodic and anodic Tafel slopgs,(Ba) and inhibition efficiency (E%) are given in Tal3.
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Figure 2. Tafel polarization curves in HCI 1M with and witout1,5-di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1) at
different concentrations

It is clear from Figure 2 that the addition of Hprop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5HJione(P1) has
an inhibitive effect in the both anodic and catloggiarts of the polarization curves. This indicaesodification of
the mechanism of cathodic hydrogen evolution ag aglanodic dissolution of steel, which suggest thhibitor
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powerfully inhibits the corrosion process of miltked, and its ability as corrosion inhibitor is anked as its
concentration is increased. In addition, the paraththodic Tafel curves in Figure 2 show that tyelrogen
evolution is activation-controlled and the redustioechanism is not affected by the presence ofrihibitor.

Table 3. Electrochemical parameters of mild steeltavarious concentrations of 1,5-di(prop-2-ynyl)-1Hpyrazolo[3,4-d]pyrimidine-4(5H)-
thione(P1) HCI (1M)

Inhibitor Concentration | -Ecor (MV/ECS) | corr -Bc E
(M) (nAlem?) | (mVidec) | (%)
1M HCI - 490 5779 74.8 --
10° 456 89 63.2 85
Inhibitor (P1) 10° 445 488 53.1 92
107 456 468 70.3 92
10° 447 404 49.7 93

From Table 3, it is clear that increasing conceimnaof the inhibitor resulted in a decrease inrasion current
densities (§) and an increase in inhibition efficiendy2), reaching its maximum value, 93.01 %, afi@l/L.

This behavior suggests that the inhibitor adsorpficotective film formed on the carbon steel surfeg®ls to be
more and more complete and stable. The presende5edi(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-8K)-
thione (P1) caused a slight shift of corrosion ptite towards the positive values compared to ithéie absence of
inhibitor. In literature, it has been also reportkdt if the displacement in g is > 85 mV the inhibitor can be seen
as a cathodic or anodic type inhibitor and if tigpthcement of g is < 85 mV, the inhibitor can be seen as mixed
type [24]. In our study, the maximum displacemenEi,, value was 45 mV which indicates that the inhibaots

as mixed type inhibitor.

3.3.2. Electrochemical impedance spectroscopy (EI'S)

The corrosion of mild steel in 1 M HCI solution ithe presence of 1,5-di(prop-2-ynyl)-1H-pyrazolof3,4
d]pyrimidine-4(5H)-thione (P1) was investigated BAS at room temperature after an exposure periogdOoiin.
Nyquist plots for mild steel obtained at the inded in the absence and presence of the inhibitaliffgrent
concentrations is given in Figure 3.
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Figure 3: Nyquist plots in absence and presence different concentrations of 1,5-di(prop-2-ynyl)-1Hpyrazolo[3,4-d]pyrimidine-4(5H)-
thione (P1) in HCI 1M

As shown in Figure 3, in uninhibited and inhibitédV HCI solutions, the impedance spectra exhibi# simgle
capacitive loop, which indicates that the corrosibsteel is mainly controlled by the charge trengfrocess [25]. It
is noted that these capacitive loops in 1 M HCuBohs are not perfect semicircles which can bebatied to the
frequency dispersion effect as a result of the hoegs and inhomogeneous of electrode surface F2éhermore,
the diameter of the capacitive loop in the presearigghibitor is larger than that in blank solutjaand enlarges with
the inhibitor concentration. This means that thgedance of inhibited substrate increases with tgbitor
concentration, and leads to good inhibitive perimnge.

The EIS results of these capacitive loops are sitedl by the equivalent circuit shown in Figure Ptwe electric
models that could verify or rule out mechanistic deis and enable the calculation of numerical values
corresponding to the physical and/or chemical prigse of the electrochemical system under invetitiga In the
electrical equivalent circuit, Hs the electrolyte resistance, fRe charge transfer resistance angdi€the double
layer capacitance.

369



H. Elmsellemet al Der Pharma Chemica, 2016, 8 (1):365-373

Rs Rt
Ve - NN\—
Cdl
— >

Figure 4: Equivalent circuit used to fit the EIS daa of mild steel in 1 M HCI without and with differ ent concentrations of 1,5-di(prop-2-
ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1)

The electrochemical parameters qof By andf,. derived from Nyquist plots and inhibition efficign E(%)are
calculated and listed in Table 4.

Table 4. Corrosion parameters obtained by impethce measurements for mild steel in HCI 1M avarious concentrations of 1,5-
di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)- thione (P1)

Concentration R: f Cal E
Inhibitor (M) (Qent) | (H2) | (ufiem?) | (%)
1M HCI - 21.08 100 75.5 --
10° 185 20 43.01 89
Inhibitor (P1) 10° 260.9 20 30.5 92
107 198.1 20 26.69 93
10° 509.6 20 15.61 96

From the impedance data Table 4, it was clear that:

>R, values in the presence of the inhibitor were abvgyeater than their values in the absence ofrthiitor
molecules. This means that, this inhibitor wasracts adsorption inhibitor;

- Charge transfer resistance, Ralues were increased in the presence of thebitohiand consequently the
inhibition efficiency E%) increases to 95.86% at 1, which indicates a reduction in the steel cowasiate;

- Values of double layer capacitance C dl, are alsmght down to the maximum extent in the presesice
inhibitor (15.61 pF.cat 3 10°M) and the decrease in the values gff@lows the order similar to that obtained for
lcorr IN this study.

3.4. Effect of temperature

In order to study the effect of temperature onittrebition efficiencies of 1,5-di(prop-2-ynyl)-1idyrazolo[3,4-
d]pyrimidine-4(5H)-thione (P1), weight loss meauents were carried at four temperatures salugls,
328,338 and 348°K and during 1 hour of immersioalisence and presence of inhibitor at optimum auraion
(10*Mol/L) determined in electrochemical measurements.

The various corrosion parameters obtained arallistelable 5. Figure 5 illustrates the Variatioh @R in 1M
HCl on steel surface without and with of amiim concentration of inhibitor studied at differé@tnperatures.
From the weight loss results, the corrosion ratR)(Ghe inhibition efficiency (E %) of inhibitorsnd degree of
surface coverage® were calculated using equations 4, 5 and 6[27] :

cr= &Y% (4)
Sx

E(%) = (1—WL3")><100 (5)

o= (1o ©)
W,

corr

Where W, and W, are the weight losses for mild steel in the preseand absence of the inhibitor in HCI
solution and is the degree of surface coverage of the inhibittW is the difference of weight loss for mild steel
with and without inhibitors, S is the exposure apéthe metallic specimens and t is the immersiore tof the metal
in corrosive solution.

The fractional surface coverag®) (can be easily determined from the weight loss suesaments by the ratio
E%:100, where E % is inhibition efficiency darcalculated using equation (6).The data obthmegest that
1,5-di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-8()-thione (P1) get adsorbed on the steel surfacella

temperatures studied and corrosion rates incraasgiosence and presence of inhibitor with increagemperature

in 1M HCI solutions. In acidic media, corrosionroétal is generally accompanied with evolution gfgds; rise in

temperature usually accelerates the corrosionicgecivhich results in higher dissolution rate @ thetal.
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Table 5. Corrosion parameters for mild steel in HCL1M in absence and presence of optimum concentratiof 1,5-di(prop-2-ynyl)-1H-
pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1) at different temperatures

Temperature (K) Inhibitor C r(mg/cnt.h) 0 E (%)
318 HC]_ 'lM 2.0649
Inhibitor(P1) 0.2267 0.89 89
328 HC_I_ _lM 4.0689
Inhibitor(P1) 0.7621 0.81 81
338 HC_L _1M 6.9998
Inhibitor(P1) 1.8038 0.74 74
348 HC_L _1M 9.7914
Inhibitor(P1) 3.0637 0.68 69
104—=— HCl 1M -
9 I Inhibitor Corrosion Vs Tem}ty
84

749 -

2
C, (mg/cm®.h)
u o
1 1

T T T T T T T
315 320 325 330 335 340 345 350
Temperature (°K)

Figure 5. Variation of Cg in 1M HCI on steel surface without and with of opimum concentration of 1,5-di(prop-2-ynyl)-1H-pyrazdo[3,4-
d]pyrimidine-4(5H)-thione (P1) at different temperatures

From the Table 5, it is clear that corrosion rateréased with increasing temperature both in ubitéd and
inhibited solutions while the inhibition efficiencef 1,5-di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidé4(5H)-
thione (P1) decreased with temperature. A decr@asehibition efficiencies with the increase tematire in
presence of the inhibitor might be due to weakerndfigohysical adsorption. In order to calculate \ation
parameters for the corrosion process, Arrheniugtmu (7) and transition state equation (8) wesed{28].

-E
CR= Aexpt—= 7
p RxT) (7
RxT -AS -AH
CR= expf ) expl a 8
NxT 8]y R )expg RxT ) (8)

where CR is the corrosion rate, R the gas consTatiie absolute temperature, A the pre-exponefagtbr, h the
Plank's constant and N is Avogrado's numbgrthE activation energy for corrosion processl, the enthalpy of
activation andAS,the entropy of activation. The apparent activagémergy (E) at optimum concentration of 1,5-
di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5Hpione (P1) was determined by linear regressiorwden
Ln(CR) and 1/T (Figure 6) and the result is showitable 6.
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Figure 6. Arrhenius plots of In CR vs. 1/T for mildsteel in 1M HCI in the absence and the presence bb-di(prop-2-ynyl)-1H-
pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1) at optimum concentration (10*Mol/L)
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Table 6. Activation parameters EaAHa and ASa for the mild steel dissolution in 1M HCI in theabsence and the presence of 1,5-di(prop-
2-ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione at optimum concentration (10°Mol/L)

Inhibitor Ea(J/mol) | AHa(KJ/mol) | ASa(J/mol.K)
1M HCL 48.13 45.61 -95.79
Inhibitor (P1) 80.15 77.85 -12.367

Inspection of Table 6 showed that the value of Etemhined in 1M HCI containing 1,5-di(prop-2-ynyliH-

pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1) is higr (80.15 J/mol ) than that for uninhibited salati(48.13 J/
mol). The increase in the apparent activation gnargy be interpreted as physical adsorption thatiacin the first
stage. The increase in activation energy could tbrébated to an appreciable decrease in the adsormtf the
inhibitor on the steel surface with increase ingemature. As adsorption decreases more desorptiarhibitor

occur because these two opposite processes ariilibeum. Due to more desorption of inhibitor recliles at
higher temperatures the greater surface area ef stgmes in contact with aggressive environmergultig
increased corrosion rates with increase in tempe¥g29-36].

m  HCI1M
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Figure 7.Arrhenius plots of In CR/T vs. 1/T for stel in 1M HCI in the absence and the presence of tdiprop-2-ynyl)-1H-pyrazolo[3,4-
d]pyrimidine-4(5H)-thione (P1) at optimum concentraion (10°Mol/L)

Figure 7 showed a plot of Ln (CR/T) versus 1/T. Btraight lines are obtained with a slop¢if/R)and an intercept
of (Ln R/Nh +AS; /R) from which the values of the valuesAifl, andAS, are calculated for 1,5-di(prop-2-ynyl)-
1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P1) ohnalyzed and are given in Table 6. Inspection es¢hdata
revealed that the thermodynamic parametdt ) for dissolution reaction of steel in 1M HCI inettpresence of
inhibitor is higher (77.85 kJ/mol) than that ofthre absence of inhibitors (45.61 kJ/ mol). The fpasisign ofAH,
reflect the endothermic nature of the steel digsmuprocess suggesting that the dissolution cflggeslow in the
presence of inhibitor. Negative value of entropgd) imply that the activated complex in the rate deiaing step
represents an association rather than a dissatistiip, meaning that a decrease in disordering tpleee on going
from reactant to the activated complex.

CONCLUSION
The principal finding of present work can be sumged as follows:

v/ Steady state electrochemical measurements havenstiaw 1,5-di(prop-2-ynyl)-1H-pyrazolo[3,4-d]pyridine-

4(5H)-thione act as mixed inhibitor for the corasiof steel in HCI 1M without modifying the mechsmi of

hydrogen evolution reaction.

v’ The increase in the charge transfer resistancelecietase in double layer capacitance values, hétlncrease in
the inhibitor concentration, showed that 1,5-difp®ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thiongP1)

formed protective layers on the mild steel surfaowering areas where HCI solution degrades anades rapidly.

¥ Inhibition efficiency increases with increase ie ttoncentration of the inhibitor studied but desesawith rise in
temperature.

v'The corrosion process was inhibited by adsorptibth® organic matter on the mild steel surfaceaiiing the
formation of the film on the metal/acid solutiontdrface, decreasing the degradation of the material

v'Results obtained through weight loss measuremaritsebectrochemical tests demonstrated that 1,5ajh¢@-

ynyl)-1H-pyrazolo[3,4-d]pyrimidine-4(5H)-thione (P&act as efficient corrosion inhibitors of the mgteel in 1 M
HCI solution.
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