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Abstract

The corrosion inhibition potentials of hypoxanthiiYP) on aluminium and mild steel in 0.1 M$0, were investigated

at 303 and 333 K using gravimetric, electrochemiogbedance spectroscopy (EIS) and potentiodynaroiarigation
techniques. The results obtained, indicated thal léXhibited efficient inhibition properties for atinium and mild steel
corrosion in the acidic media. Results obtainednfrootentiodynamic polarisation studies showed HéP acted as a
mixed corrosion inhibitor by retarding anodic andthodic half reactions while those obtained frompéatance
spectroscopy studies revealed that the inhibitibalominium and mild steel corrosion occurred M@ tmechanism of
adsorption. Synergistic effects in the presendedifie ions increased the efficiency of HYP only fiee corrosion of mild
steel in HSOy. Adsorption of HYP on the metal surfaces was spogus and supported Langmuir and Temkin adsorption
isotherms.

Keywords: Acid corrosion, adsorption, EIS, inhibition eféacy, HYP.

I ntroduction

Corrosion of metals is an electrochemical prockeasdccurs whenever a metal is in contact withggressive
medium such as acids, bases and salts. The sumlityptif a metal to corrosion depends on the ratoir the
metal and the environment.

Despite the invention and over-usage of plasticaniost industrial applications, metals still rule
manufacturing industries. Metals like steel (iramd aluminium are commonly used in most industfiditd
steel is one of the best preferred materials fdustries due to its easy availability and excelletntictural
properties. Aluminium on the other hand, is the tmodely used metal after steel due to its vensgatil

Most often, during industrial processes such aglipig, etching, these metals are made to come in
contact with aggressive media such as acids, lzagbsalts thereby exposing them to corrosion attaekeral
researches have been carried out on the protectionetals against corrosion [1-4] however, due ttats
environmental regulations, the continued usage @i environmentally friendly chemical compounds as
corrosion inhibitors have faced relentless condeimnaConsequently, large numbers of organic comdsu
principally those containing hetero atoms like caaygnitrogen or sulphur groups in conjugated systare
been investigated as corrosion inhibitors for défe metals in various aggressive media.

Although some plants extracts have been found toudeful as eco-friendly inhibitors [5,6], the adtua
constituents of the extracts that are responsdslanhibition have been difficult to determine madiit difficult

to elucidate the specific mechanism for corrosiohibition. Hence, the challenge for search of csioo
inhibitors, whose actual chemical structures anoifeendliness have been established are on thease.
Purines are organic compounds with hetero atones@ilkand N in their aromatic rings. They are norictaxd
biodegradable hence, can be used as eco-frierulyitiors against the corrosion of metals in variaggressive
media [7,8]. In view of this, the present studysstet investigate the potential of hypoxanthine (MY&s an
inhibitor, for the corrosion of aluminium and milsteel in 0.1 M HSQ, solutions using gravimetric,
electrochemical impedance spectroscopy and potimionic techniques.
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Figure 1: Chemical structure of hypoxanthine (HYP)

2. Materials and methods

2.1 Materials

Aluminium sheet (AA 1060 type) of 98.5% purity amild steel sheet of composition (wt.%: Mn (0.6)(0236), C (0.15),
Si (0.03) and the rest Fe) were used in this stédyd solutions of 0.1 M 5O, were prepared by diluting analytical
grades with distilled water. Solutions of hypoxan¢éh(HYP) were prepared at the concentration raéh@ex 10° — 10.0 x
102 M in the acid media. The effect of iodide ionsiohibition efficiency was studied at 303 K by comibig 5.0 x 1G M
Kl. All reagents were obtained from Zayo-Sigma Cleats. Figure 1 shows the molecular structure gidxanthine
(HYP).

2.2 Methods

2.2.1 Gravimetric analysis

Weight loss measurements were carried out in aeocel with an earlier report [9-11]. Tests were cmbeld under total
immersion conditions in 150 mL of the aerated anstitred test solutions. Immersion time varied frbrio 5 days (120 h)
in 0.1 M HSQO,. The coupons were retrieved from test solutionieradvery 24 h, appropriately cleaned, dried and re
weighed. The weight loss was taken to be the diffee between the weight of the coupons at a ginem and its initial
weight. The effect of temperature on corrosion bitton of Al and mild steel by HYP was investigatby performing
experiments at 303 and 333 K. All tests were ruduplicates.

2.2.2 Electrochemical measurements

Metal samples for electrochemical experiments weaehined into test electrodes of dimension 1 x 1 amd sealed with
epoxy resin in such a way that only one squareasarfarea (1 cfj was left uncovered. Electrochemical tests were
conducted in a Model KO047 corrosion cell using BRSASTAT 400 complete DC voltammetry and corrossgatem,
with V3 Studio software. A graphite rod was usedaasounter electrode and a saturated calomel etect{SCE) as a
reference electrode. The latter was connected viaiggin capillary. Measurements were performed émated and
unstirred solutions at the end of 1 h of immersir803 K. Impedance measurements were made atsamrpotentials
(Ecor) Over a frequency range of 100 kHz— 10 mHz, witkignal amplitude perturbation of 5 mV. Potentiogyric
polarization studies were carried out in the paéémange 1000 to 2000 mV for aluminium and + 250 for mild steel
respectively, versus corrosion potential at a sagmof 0.33 mV/s. Each test was run in triplida@,12].

3. Resultsand discussion

3.1 Gravimetric analysis

3.1.1Effect of concentration of hypoxanthine on the corrosion of aluminium (Al) and mild steel (MS) in 0.1 M H,S0,
Figure 2 shows the variation of weight loss (ghwtime (hr) for the dissolution

of aluminium and mild steel in 0.1 M,BGO, in the absence and presence of 0.002 — 0.01 M khgpection of
the plots on Figure 2 clearly reveals that weiglssés of aluminium and mild steel in the acidiciramment
decreased in the presence of HYP compared witbldrek solutions. Calculated values of corrosioe i@’
cn?) and inhibition efficiency (IE%) from the weighids measurement are presented in Tablel.

Results presented in the table show that corrasitndecreases in the presence of HYP compared to
the blanks alone signifying that HYP in,$0, solution inhibits the corrosion of aluminium andldnsteel
respectively and that the extent of corrosion iitltib is a function of the concentration of theibitor and type
of metal.

3.2 Electrochemical measurements at 303 K

Impedance and potentiodynamic polarization testewadertaken at 303 K to study the inhibiting effef
HYP on the electrochemical corrosion behavior ofrahium and mild steel in 0.1 M J80,. The optimum
concentration of 0.01 M HYP was used for the et@ttemical measurements.
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Figure 2: Variation of weight loss (g) with time (hrs) foreftorrosion of (a). aluminium and (b). mild steel i
0.1 M H,SO, containing various concentrations of hypoxantl{hgP) at 303 K.

Table 1: Corrosion rates and inhibition efficiencies of alnimmm and mild steel in the presence of various
concentrations of hypoxanthine (HYP) in 0.1 S,

M etal C(M)  Corrosionrate X 10* (ghcm?) Inhibition efficiency (1E %)
303K 333K 303K 333K

Blank 0.421 2.56 - -
e 0002  0.101 1.26 76.23(0.76) 50.69(0.51)
5 0004  0.092 1.16 78.21(0.78) 54.91(0.55)
£ 0006  0.085 1.09 79.70(0.80) 57.35(0.57)
S 0.008 0.081 1.03 80.69(0.81) 59.79(0.60)
< 0.01 0.075 0.99 82.18(0.82) 61.49(0.62)

Blank 1.86 6.46 - -

0002  1.04 2.98 44.02(0.44) 53.98(0.54)
B 0004  0.892 2.66 52.18(0.52) 58.81(0.59)
% 0.006  0.867 2.64 53.52(0.54) 59.23(0.59)
S 0008  0.827 259 55.64(0.56) 60.00(0.60)
s 001  0.785 2.46 57.88(0.58) 61.94(0.62)

3.2.2 Electrochemical impedance spectroscopy
Impedance experiments were undertaken to affoighingito the characteristics and kinetics of alectiemical
processes occurring at the metal/acid interface teowd these were modified by the presence of HYR Th
impedance responses of these systems are givagureR3 as Nyquist plots. The Nyquist plots gergraave
the form of only one depressed semicircle in tlgh lifequency region, which denotes that the proisesader
charge-transfer control and corresponds to one t¢onstant in the Bode plots. The single time congstay be
attributed to the short exposure time in the cantgwhich is insufficient to reveal degradatiortlué substrate
[13, 14]. The depression of the Nyquist semicineiéh center under the real axis is typical for daietal
electrodes that show frequency dispersion of theeglance data.

The corresponding impedance parameters are presentelable 2. The increase inRalues in
inhibited systems which signifies an increase i diameters of the Nyquist semicircles with a cspomding
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decrease in the double layer capacitancg,(€onfirms the corrosion inhibiting effect of HYPhe observed
decrease in gvalues, which normally corresponds to alteratibthe double-layer thickness can be attributed
to the adsorption of HYP (with lower dielectric sbeint compared to the displaced adsorbed watercoiekd
onto the metal/acid interface, thereby protectimgretals from the corrosive effect of the aggwesatid.

The magnitude and trend of the obtained valuesepted agreed with those determined from
gravimetric measurements.
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Figure 3: Impedance spectra for (a) aluminium and (b) miékkin 0.1 M HSQ, in the absence and
presence of 0.01 M hypoxanthine (HYP) at 303 K.

Table 2. Impedance data for aluminium (Al) and mild steelSMn 0.1 M HSG, in the absence and presence
of 0.01 M hypoxanthine (HYP) at 303 K.

System R« (Q cm?) Ca(n'S'em® [N |E%
H,SO, (Blank) | 591.7 14.90 0.96

HYP+AI 2301 3.00 0.93 74.29
HYP+MS 137 2.00 0.85 54.33

3.2.3 Potentiodynamic polarization measurements

The corrosion current is a function of the reatyiadf a metal in an aqueous environment. The higieralues
of icorr, the higher the dissolution of the metal and weesa.Typical potentiodynamic polarization curves for
aluminium and mild steel in 0.1 M,B0O, in the absence and presence of 0.01 M HYP arersiowigure 4 while
the electrochemical parameters derived from tharaition curves and inhibition efficiency valuge aummarized
on Table 3.

Addition of HYP is seen to affect the anodic aslved the cathodic partial reactions, shifting the
corrosion potential (&) toward more positive (anodic) values (especidtly mild steel corrosion) and
reducing the anodic and cathodic current densitiesthe corresponding corrosion current density)(iThis
indicates that the HYP functioned as a mixed-tygehitor in SO, for the corrosion of aluminium and mild
steel.

The obtained values presented on Table 3 followstmee trend as the gravimetric and impedance data
indicating the corrosion inhibiting efficacy of hyganthine.

Table 3: Polarization data for aluminium (Al) and mild sté®IS) in 0.1 M BSQ, in the absence and presence
of 0.01 M hypoxanthine (HYP) at 303 K.

System Ecorr (MV vs SCE) icorr (RA CM™) |E%
H,SO, (Blank) -661.12 109.13

HYP +Al -703.11 27.42 74.87
HYP+MS -482.4 97.45 54.11
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Figure 4: Polarisation curves for (a) aluminium and (b) natdel in 0.1 M HSQ, in the absence and presence
of 0.01 M hypoxanthine (HYP) at 303 K.

3.3 Effect of Temperature/ thermodynamics Sudy
The adsorption mechanism of HYP on aluminium antt mieel were also investigated by changing the
temperature of the systems from 303 to 333 K. Thedt in inhibition efficiency against temperatuseshown
in Table 4.
The apparent activation energieg)(fér the corrosion process in the absence anapcesof HYP were
calculated using a modified form of the Arrhenigsiation:
b _Fe (1_1)
g =3303R\I, " T, &
wherep; andp, are the corrosion rates at temperatureaid T, respectively. The heats of adsorptiondQ
was quantified from the trend of surface coveragh temperature as follows [6]:
8, 8y TaT:
Quae = 2.303R [sag(rﬂ!) — log (ﬁ)] X (2)
wheref; and6, are the degrees of surface coverage at tempesafuand T,, and R is the gas constant. The
calculated values for both parameters are giverabile 4. The values reveal that while inhibitioficééncy of
HYP decreased with rise in temperature for alunmmio 0.1 M HSO,, IE% increased with rise in temperature
in 0.1 M HSQ, for mild steel. The occurence of decreasing amtessing inhibition efficiencies at higher

temperatures are evidence of specific physisorgtivé: chemisorptive interactions respectively, betwklYP
species and the metal surfaces [5, 15, 16]. Theedse in inhibition efficiency of HYP with increage
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temperature for aluminium in 80, as well as negative [ values suggests physisorption and also signifies
that the degree of surface coverage decreasediggtin temperature, Hend to decrease on addition of HYP
to aluminium in HSQ, solution. For mild steel systems, i the presence of HYP was lower than that in the
uninhibited acid, the positive values of4Qimplies an increase in degree of surface covereitfe rise in
temperature, which is indicative of chemisorptidhe reason for this, as suggested by Oguzie [1Y]beahat
equilibrium is rapidly attained in physical adsaopt resulting in desorption whereas in chemisonsjathe
process is relatively slow and not readily revdesib

Table 4. Calculated values of activation energieg) @d heats of adsorption {f) for the corrosion of aluminium (Al)
and mild steel (MS) in 0.1 M $$0, in the absence and presence of various concemtsatif hypoxanthine (HYP).

System Concentration Activation Energy Heat of adsor ption
(M) E. (kJ mal™) Qads (kJ mol™)
Blank 50.54

HYP (Al) 0.002 70.94 -12.03
0.004 71.05 -11.43
0.006 71.30 -11.33
0.008 71.09 -10.93
0.01 72.19 -11.21

HYP (MYS) 0.002 29.47 3.98
0.004 30.59 2.50
0.006 31.18 1.68
0.008 31.96 3.88
0.01 31.05 3.86

3.4 Adsorption study

The surface coverage data obtained from IE% vdlessfitted the adsorption models of Langmuir (e)rand
Temkin (eqn. 4) isotherms taking into cognizar the values of the regression coefficieri,viRere greater
than 0.9 [18]. Thermodynamic parameters associafélll the adsorption process were deducted using the
relationship between the adsorption equilibrium stant (kq) (eqn. 5) and the standard free energy of
adsorptionAG,gs [19];

c 1

== +C (3)

g Kr?.rfq

—2 ¢ § = 2.303(logk + logC) (4)
AG.

logK .z, = —1.744 — — 285 (5)

2303RT
The evaluated values of the adsorption equilibragnstant, kg, were all quite high especially in the

case of Temkin isotherm reflecting the high adsorpability of the HYP onto the metal surfaces. [€ab
shows the parameters of linearisation for eachratlsa model.
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Figure 5: Langmuir isotherm for the adsorption of hypoxanthiHYP) onto (a) aluminium (b) mild steel
surface in 0.1 M bBQ, at 303 and 333 K respectively.
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Figure 6. Temkin isotherm for the adsorption of hypoxanthiH&'P) onto (a) aluminium (b) mild steel surface
in 0.1 M H,SO, at 303 and 333 K respectively.

Table 5: Langmuir and Temkin isotherm parameters obtainerh fthe corrosion data for aluminium (Al) and
mild steel (MS) in 0.1 M EBQ, in the presence of hypoxanthine (HYP).

Isotherm  Temperature (K) System Intercept Slope LogKae R° AGgqs (kJmal’)
. 303 HYP (Al) 0.000 1.194 0.0 0.999 -10.12
g HYP(MS) 0.001 1.609 3.0 0.999 -27.52
(@]
8 333 HYP (Al) 0.000 1.348 0.0 0.997 -11.12
- HYP(MS) 0.000 1.575 0.0 0.997 -11.12
303 HYP (Al) 0.981 0.081 12.110 0.979 .30
- HYP(MS) 1.530 0.410 3.734 0.991 -31.780
~
& 333 HYP (Al) 0.918 0.153 6.000 0.994 9.380
= HYP(MS) 1.088 0.291 3.739 0.994 34.960

NegativeAG,q4s values indicate spontaneity of the adsorption ged20, 21]. GenerallZG,qs values
with magnitude much less than 40 kJ thblve typically been correlated with the electriistanteractions
between organic molecules and charged metal sufffidigesisorption), whilst those of magnitude in trder of
40 kJ mof and above are associated with charge sharingaosfar from the organic molecules to the metal

surface (chemisorption) [22].

3.5. Yynergigtic considerations
The influence of 0.005 M KI on the corrosion of minium and mild steel in 0.1M 430, containing 0.01 M

HYP , corresponding to [KI)/[INH] ratio of 0.2, depicted in Figure 7 by weight loss measuremerdgs:oSion
inhibition synergism results from increased surfacgerage arising from ion-pair interactions betwéiee
organic purine as cations and the iodide ions [Eim the results obtained in Figure 7, it is obgithat Tions
promoted the adsorption of HYP only on the mildebgurfaces.

Conclusion
Results obtained from the study showed that HYibited the corrosion of aluminium and mild steeDil M

H,SOy,. The presence of iodide ions enhanced the inébibehaviour of HYP only for the corrosion of mild
steel in HSO,. Polarization measurements suggest a mixed-inhibiti@chanism, which the impedance data
indicated was achieved via adsorption of HYP sgecrethe aluminium and mild steel surfaces.
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Figure 7: Synergistic effect of iodide ions on the inhibitieficiency of HYP on the corrosion of (a) alumimiu
and (b) mild steel in 0. 1 M40, at 303 K.
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