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ABSTRACT

In this research the effect of sulphuric acid concentration on the inhibiting action of 0.001M adenine solution during
the corrosion of AlS 304L has been investigated. The research was achieved by using 0.001M concentration of
adenine solution and varied sulphuric acid concentration of 0.1M, 0.3M. 0.5M, 0.7M, 0.9M and 1.0M; readings
were obtained every 240hours (10 days) for a period of 1200hours (50 days). Weight loss, corrosion penetration
rate, inhibition efficiency and degree of surface coverage were calculated. Results obtained revealed that adenineis
an effective and safe corrosion inhibitor for AIS 304L in sulphuric acid solutions within the concentration range of
the acid investigated. The inhibition mechanism involves the adsorption of protonated adenine molecules onto the
304L surface. Analysis of the results showed that the inhibition efficiency and surface coverage decreased with
increasing sulphuric acid concentration, causing an increase in corrosion penetration rate and weight loss as the
concentration of the sulphuric acid was increased. The corrosion penetration rate, however, decreased with
increased immersion time. Also, the inhibition efficiency and surface coverage decreased with increasing immersion
time.
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INTRODUCTION
Stainless steels are the first ‘step-up’ from carbteels in corrosion resistance [1]

Corrosion is the destruction of a material resgltinom exposure and interaction with the environmgj.
Corrosion remains one of the most severe limitatifmn the use of various steels in the chemical @atcochemical
industries. Millions of dollars are lost each ybacause of corrosion. Much of this loss is duehtodorrosion of
iron and steel [3].

The corrosion of stainless steels in acidic soluti® of fundamental academic and industrial condeat has
received a considerable amount of attention [4¥5le most important field of application being agitkling,
industrial acid cleaning, acid descaling and oilllveeidizing. Because of the general aggressivermésacid
solutions, inhibitors are commonly used to redue® ¢orrosion attack on metallic materials. Orgadsorption
compounds are effective as corrosion inhibitorscfmrosion of different types of stainless stealagidic medium
because of the functional group containing heteratuch as nitrogen, sulphur and oxygen [6].

It is also pertinent to state that over the yeessisiderable efforts have been deployed to finduitable or green
(safe and friendly) corrosion inhibitors of orgamiggin in various corrosive media [7]. Severaltéas including

cost and amount, easy availability and most impréafety to environment and its species need toonsidered
when choosing an inhibitor [8]. The use of inhibitdas one of the most practical methods for pratecagainst
corrosion and prevention of unexpected metal diggw [9]. Treatments with organic compounds, agagion

inhibitors, are frequently proposed in order to ioy@ anticorrosion protection in acidic media [10].
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In general, inhibitors are classified as anodith@dic or mixed [11].

In the past two decades, research in the fieldyoden” corrosion inhibitors has been aimed at ush&gp, effective
molecules with low or “zero” environmental impaddmong the numerous organic compounds tested and
industrially applied as corrosion inhibitors, naxit ones are far more strategic now than in tloemepast. These
compounds include amino acids and its derivativesnanosa tannin or isatin etc., which have beetedefor
various metals and alloys [12, 13 - 21].

Adenine is a purine derivative also called Aminpine. Its IUPAC name is 7H-purin- 6-amine. It laasolecular
formular of GHsNs and its structural formula is as shown in Fig. 1

DrS
=
X

Figure 1. Structural formula of Adenine

The molecular mass of Adenine is 135.13g/mol. #dkd at standard temperature and pressure, alid a1e866C.
It is biodegradable. It is soluble in water and Aatensity of 0.99172g/cm

Tetraoxosulphate (VI) acid (Sulphuric acid) is tterosive media used in this work. It is producestenthan any
other chemical in the world. It has large scalesusevering nearly all industries, such as fertilimedustries,
petroleum refinery, paint industry, steel picklimgtraction of non-metals, and manufacture of esipls [22].

In this work, varied concentration of the acid $2d simultaneously with 0.001M concentration of #ide solution
as an inhibitor. The present investigation aimsvaluating the effect of sulphuric acid concentraton the
inhibiting action of 0.001M adenine solution duritig corrosion inhibition of AlSI 304L

MATERIALSAND METHODS

Materials

Austenitic stainless steel (alloy 304L) rod of 10nmmdiameter was used in this research work. Themital
analysis of the alloy 304L (UNS S30403) is shownTable 1. Adenine is the organic compound usedhas t
inhibitor while tetraoxosulphate VI acid is the ausive agent used in this research work. The siractf the
adenine is shown in Figure 1.

Table1: Chemical Composition of Investigated Alloy

Elements C Si Mn P S Cr Ni Mo  Cu \ Al Sn Ti Fe
Weights % | 0.03] 0.42 1.6y 0.044 0.083 18/19 7.16 90.».42| 0.059] 0.013 0.012 0.005 71.B5

Experimental Procedure

The austenitic stainless steel rod was preparea dimension of 10mm x 10mm. The samples totaled&O.
samples were degreased using acetone by immelsngfor a period of about Sminutes, and then wagtiesed)
with double distilled water and dried. The samplese shared into twelve different containers of ‘d@utions’
labeled A, A,, B; — K and containing five (5) samples each. The sampittsthe subscript 1 are the uninhibited
samples at the specified concentrations of thehswip acid while the samples with the subscript@the inhibited
samples at the specified concentrations of thehsuip acid. In all cases, a sample was taken frach €ontainer at
ten days interval, rinsed and dried, and then tbairosion rate determined by weight loEsuations (1-4) were
used to obtain the results leifgur es 2-13.

CPR=87.6*W
DAT 1)
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SML =W
A

IE = CR,- CR* 100
CRo

O = Wi, - Wt
Wi,

)

®3)

(4)

Where W = weight loss, D = density. A = area, Trariersion time, CRo = corrosion penetration ratdéabsence
of inhibitor, CRi = corrosion penetration rate imetpresence of inhibitor, Wto = weight loss in #igsence of
inhibitor, and Wti = weight loss in the presencentfibitor.

RESULTS

The results of the weight loss, corrosion pen&matate, inhibition efficiency and degree of suefamverage in
varied concentration of sulphuric solutions witB@LM concentration of Adenine as inhibitor, andheiit adenine
addition, during the corrosion of AlSI 304L are givinFigures 2-13.
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Figure 2: Graph of Weight loss (mg/cm?) Vs Acid conc. (M)
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TheFigure 2shows the variation of the weight loss data (mg)amith Sulphuric acid concentration (M) recorded
for alloy 304L in various concentrations 05$0;, at 10 days interval for 50days and without Aderaddition

The Figure 3 shows the variation of the weight loss data (m@)cwith the Sulphuric acidconcentration (M)
recorded for alloy 304L in 0.001M Adeninesolutiofthwarious concentrations of,H0, at 10 days interval for

50days.
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Figure4: Graph of weight loss (mg/cm?) Vs Time (hrs)

TheFigure 4 shows the variation of the weight loss data (m@)asith the immersion time (hrs) recorded for alloy
304L in various HSO, concentrations without inhibitor (adenine) addéd.) 0.1M H,SO,; (B1) 0.3M HSO;,; (C1)
0.5M H,SQ;; (D1) 0.7M HSO;; () 0.9M HSO;. (F) 1.0M RSO,
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Figure5: Graph of weight loss (mg/cm?) Vs Time (hrs)

TheFigure 5 shows the variation of the weight loss data (m§Jamith the immersion time (hrs) recorded for alloy
304L in 0.001M Adeninesolution with various congaatibns of HSO,. (A;) 0.1M H,SO;; (B,y) 0.3M H,SO;; (Cy)
0.5M H,SOy; (D2) 0.7M H,SOy; (E;) 0.9M H,SO; (F2) 1.0M H,SO,
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Figure 6. Graph of Corr. Rate (mm/yr) Vs H,SO4 Conc. (M)

The Figure 6 shows the variation of the Corrosion penetratioateR(mm/yr) against the Sulphuric acid

Concentration (M) recorded for alloy 304L in varsoconcentrations of 430, at 10 days interval for 50days and
without Adenine addition.
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Figure 7. Graph of Corr. Rate (mm/yr) Vs H,SO,4 Conc. (M)

The Figure 7 shows the variation of the Corrosion penetratioateR(mm/yr) against the Sulphuric acid
Concentration (M) recorded for alloy 304L in 0.00deninesolution as inhibitor at 10 days intenal 50days
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Figure 8 : Graph of Corrosion Rate(mm/yr) Vs (Timehrs)

The Figure 8 shows the variation of the Corrosion penetratee (mm/yr) with the immersion time (hrs) recorded
for alloy 304L in various concentrations ob$O,solution without inhibitor (Adenine) added. {)A0.1M H,SOy;
(B1) 0.3M H,SQ;; (Cy) 0.5M H,SO;; (D1) 0.7M H,SO;; (E) 0.9M H,SO;; (F,) 1.0M H,SO,.
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Figure9: Graph of Corr.Rate(mm/yr) Vs (Time hrs)

TheFigure 9 shows the variation of the Corrosion penetratee (mm/yr) with the immersion time (hrs) recorded
for alloy 304L in various concentrations 0f$0O;solution and 0.001M Adenine as inhibitor.,JA.1M H,SO;; (B,)
0.3M H,SO;; (C,) 0.5M H,SOy; (D,) 0.7M HSOy; (E») 0.9M H,SO;; (F,) 1.0M HSO,.
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Figure 10: Graph of Inhibition Efficiency (%) Vs Acid Conc. (M)

The Figure 10 shows the variation of the Inhibition Efficienc§o) with various concentration of the,$0,
recorded for alloy 304L in 0.001M Adeninesolutidri@ days interval for 50days

1
0.9
@ o3
Q
& 07
5 —4— DAY 10
3 06
S \ —@— DAY 20
@ 05
2 X —4— DAY 30
L o4
a —< DAY 40
0.3
—— DAY 50
0.2
0.1
0 T T T T T 1

0.1 0.3 0.5 07 . 09 1
Concentration of Acid (M)

Figure 11: Graph of Degree of Surface Coverage (0) VsAcid Conc. (M)

The Figure 11 shows the variation of the Degree of Surface CagerP) with various concentration of the,§0,
recorded for alloy 304L in 0.001M Adeninesolutidri@ days interval for 50days
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Figure 12: Graph of Inhibition Efficiency (%) Vs Time (hrs)

The Figure 12 shows the variation of the Inhibition Efficiencd) with the immersion time (hrs) recorded for alloy
304L in 0.001M Adeninesolution as inhibitor withrieus HSO,concentrations. (4 0.1M H,SCO;; (B,) 0.3M
H,SO;; (Cy) 0.5M H,SO;; (D,) 0.7M HSOy; (Ez) 0.9M HSO;; (F) 1.0M HSOy
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Figure 13: Graph of Degree of Surface Coverage (®) Vs Time (hrs)

TheFigure 13 shows the variation of the Degree of Surface Caef@) with the immersion time (hrs) recorded
for alloy 304L in 0.001M Adeninesolution as inhinitat various HSO,concentrations. (A 0.1M H,SOy; (By)
0.3M H,SOy; (C,) 0.5M H,SO;; (Dy) 0.7M H:SOy; (Ey) 0.9M H,SO;; (F,) 1.0M H,SO,

DISCUSSION

The graph ofFigures 2 and 3 show the weight loss of UNS S304L in varied comiaion of sulphuric acid
solutions without adenine added and with adeniaeénfaibitor) added.

Also, the graph oFigures4 and 5 show the weight loss with time of AlSI 304L of threinhibited and the inhibited
samples. It can be seen that the weight loss isetkwith increase in the concentration of the audighacid in both
the uninhibited and the inhibited samples. But wlwempared, the amount of weight loss recorded gy th
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uninhibited samples far exceeded the weight lossrded by the inhibited samples. It is also obsrimt the
weight loss increased with time in both the uniitkit and the inhibited samples.

More so, the slope of each line (weight loss pértime; mg/cnih) of Figures 4 and Srepresent the corrosion rate
of alloy 304L at the specified conditions. In adulit the graph oFigures 6 and 7 shows the corrosion rate of AlSI
304L in varied concentration of the Tetraoxosulph®tl acid solutions without adenine and with adenas
inhibitor present. From thieigures 3 and 7, it can be seen that the adenine is an effeativibitor for the corrosion
of AISI 304L in sulphuric acid solutions as the rosion of the AlSI 304L was retarded by the presenfc0.001M
concentration of adenine solution [17, 25]. Thihg, ¢ontinuous decrease in corrosion penetratiensaggests that
a protective film with inhibitive property is forrdeon the metal/environment interface. This implibat the
inhibition mechanism involves the adsorption oftprated adenine molecules onto the 304L surface

TheFigures 2 and 6 also show the effect of the sulphuric acid conegittn on the corrosion of the 304L. It can be
observed that the corrosion penetration rate ofl A®L increased with increase in the concentratiérthe
sulphuric acid within the concentration range of #tid investigated in this work. This is in agreemwith the
works of lliyasu et al and Abdallah [5, 6]. Howeyvéne uninhibited samples experienced a higheros@n rate
compared with the inhibited samples which showeldveer corrosion rate due to the presence of th@10\D
concentration of the Adenine.

Nevertheless, frorfrigure 8 and 9 it can be noticed that the corrosion penetrataie of both the uninhibited and
inhibited samples of alloy 304L decreased with éase in immersion time. According to Loto and Adersd23],
the decrease in corrosion penetration rate witle ttan be attributed to an initial chemical reattiwf anodic
dissolution at the metal/solution interface witklie first 24 hours of the experiment, and thatdbetinued decline
of corrosion penetration rate with time could bes da the aggressiveness of the chemical reactitignsport
properties of the environment, concentration ofr@sion species in the medium, pH and the temperatfithe
corrosion medium which decrease as time is apgciacreased.

Similarly, theFigures 10 and 11 show the influence of increasing the concentratibthe sulphuric acid on the
inhibition efficiency and degree of surface coveraduring the corrosion inhibition of AISI 304L inaxed
concentration of sulphuric acid solutions with A @DAdenine concentration as inhibitor. From theufigs(Figures
10 and 11) it can be seen that both the inhibition efficieranyd the degree of surface coverage of the inhibito
(0.001M Adenine) decreased as the concentratioth@fsulphuric acid was increased showing a redudtio
inhibition efficacy of the said inhibitor. The dease in inhibition efficiency and degree of surfaoeerage of the
0.001M Adenine concentration was remarkably sigaiit at higher concentration of the sulphuric agith an
inhibition efficiency and degree of surface coverad 87.86% and 0.8786 at 0.1M sulphuric acid smt86.75%
and 0.8675 at 0.3M sulphuric acid solution, 82.88% 0.8289 at 0.5 M sulphuric acid solution, 76.68% 0.7663
at 0.7M sulphuric acid solution, 74.75% and 0.747®.9M sulphuric acid solution, and , 59.72% &arisb72 at
1.0M sulphuric acid solution after 240 hours (1§gjJaThus, the increasing concentration of the laufie acid
solution had marked influence on the inhibitingeeff (action) of the 0.001M Adenine during the ceioa
inhibition of AISI 304L in varied concentration s@llphuric acid.

Moreover, fromFigures 12 and 13, it is revealed that both the inhibition efficignand degree of surface coverage
reduced with increase in immersion time. Accordindjeoma [24] and Sastri [19] this observation Iddoe due to
the inhibition reacting with contaminants and otbemponents of the system (such as corrosion ptsdleading

to the loss of inhibitor or the inhibitor gettingmleted/used-up with time due to chemical reactamtirring within
the system. The inhibitor can also be lost du@rnofbrmation.

CONCLUSION

The results showed that adenine is a safe inhjhbita environmentally friendly and poses no sesighreat to life.
The adenine has good inhibition effect for the asion of AISI 304L austenitic stainless steel imie@ sulphuric
acid solutions, and, inhibition efficiency and degiof surface coverage of the adenine both decteeifie increase
in sulphuric acid concentration as well as with thenersion time. Thus, the increasing concentratibrthe

sulphuric acid solution had marked influence onitifebiting effect (action) of the 0.001M Adeninerxentration
during the corrosion of AISI 304L in varied conaation of sulphuric acid. The corrosion rate of ADAL

increased with increase in sulphuric acid concéintidbut decreased with immersion time.
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