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ABSTRACT

The effect of Vernonia Amygdalina- VA(bitter leaRtract and zinc oxide (ZnO) inhibitors on the @mion
behaviour of embedded steel rebar in concrete irsatein 0.2% LSO, was investigated by potential measurement,
pH and gravimetric methods using the inhibitor cemizations of 25, 50, 75, and 100%. The resultsewarther
analysed using the two-factor ANOVA test. Potemtiahsurements were performed using a digital vaémend a
copper sulphate reference electrode. Compressivength of each block sample was determined after th
experiments. Weight loss values were obtained fitmengravimetric method, and the inhibitors’ effivdy was
computed from the corrosion rate of each of thdetksamples. Both inhibitors gave appreciable csion
inhibition of the embedded steel rebar at 25 anéoStbncentrations. ANOVA test confirmed the resait95%
confidence. VA’s concentration had greater effecpotential and pH; ZnO showed great significanegotential
measurements only.
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INTRODUCTION

The significant role and/or importance of reinfatceoncrete in today’'s world have generated conahder
continuous research effort in searching for waysmitigate the adverse corrosion effect in concr&everal
chemicals have been used as inhibitors in admixtitieconcrete in this respect by various reseanibntists [1-3]
According to Amitha Rani and Bharathi Bai[4], sealefactorsincluding cost, easy availability and safety to
environment and its species need to be consideheth whoosing an inhibitor. There is a need to agvalhibitors
that are sustainable and environmentally friendippérwise known as green inhibitors). Studies Haeen carried
out usingDelonixregiaextract for aluminium in acifb]; aqueous extract dRosmarinus officinalis ffor Al/Mg
alloy in chloride[6]; natual honey for copper in neutral aqueous solufidn Opuntiaextract for aluminium [8];
Khillah extract for 316 steel[9zamellia sinensi$or aluminium in HSQ,[10] andCarica papaydeaves extract for
mild steel in HSO,[11].

Further investigations for plant extracts use &gitors also include the use Afadirachta indicdeaves extract for
mild steel in HSO[12]; Raphia hookerexudates gum-halide mixtures for aluminium in gdi@]; and Guar gum
for carbon steel in sulphuric acid[14] to mentioumt la few.Vernonia Amygdalinaextract has also been used as
green inhibitor for mild steel in 0.5M HCI and 0.8MS0y,[15]; mild steel reinforcement in concrete in 3.5M NaCl
[16];aluminium in 0.5M HCI [17]; Al-Si alloy in 0.5M catic soda solution [18]; and for aluminium in 1M HC
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[19].Zinc oxide (ZnO) has also been reported to intgbitrosion on exposure to sea water or 3% chloridigisn.
In this situation ZnO acted as an anodic inhibitother studies which have been carried out using ibitor
include: a comparison of the action of ZnO and @&{blas rebar corrosion inhibitors [20]

In a study by Oboh[21], it was revealed that VAfleas high protein(33.3%), fat (10.1%), crude fi{2@.2%), ash
(11.7%), mineral (Na, K, Ca, Mg, Zn, &Fe), phyt&1®15.4 mg/100 g) and tannin (0.6%) content, whit®ntains
low cyanide(1.1 mg/kg). Bitter leaf is known [22) tontain tannin, among others, which has beerowslsy
associated with corrosion inhibition in aqueous anilic environments. Likewis@ a study [23], it was revealed
that the addition of ZnO in concrete manufactunimgproves the processing time and the resistanceonérete
against water. Zinc oxide is known to have highaetfive index, high thermal conductivity, bindireptibacterial
and UV-protection properties[24].

This study aims at investigating the effect\@#rnonia amygdalingbitter leaf extract) as an organic corrosion
inhibitor and Zinc oxide as an inorganic corrosiohibitor, on the corrosion of mild steel embeddedoncrete by
electrochemical and gravimetric methods and byharrstatistically analysing the results using Asa\of variance
(ANOVA) test. The chemical constituents of bitteaf, especially saponnin and tannin, as well agitieeparticles
of ZnO are expected to exhibit electrochemicalvétgtiof strong adsorption to the embedded mild Isteeface and
thus enhancing its corrosion resistance in coreosiwironments.

EXPERIMENTAL SECTION

2.1. Preparation of the plant extracts

Fresh leaves oYernonia Amygdalinavere obtained and air-dried. The dried materiaé waachine ground into
powder, and known weights were placed in differemttainers. Ethanol was added to each container,ttaa
powdered leaves were allowed to soak. The sampégs Viltered after five days, and the filtrates weggilldd
using the distillation equipment in order to ledkie samples ethanol free. Stock solutions weregpegpfrom the
inhibitor. From the stock solution obtained, inkdbitest concentrations of 25, 50 75, and 100% wweepared by
diluting with distilled water.

2.2 Preparation of Zinc Oxide solution
200g of ZnO was obtained. From this, four differgetrcentage concentrations of 25, 50, 75 and 100@ Z
solutions were prepared using distilled water.

2.3 Preparation of mild stedl rebar

The steel rebar with chemical composition of: 0.3%9@5 %Si, 1.5%Mn, 0.04%P, 0.64%S, 0.25%Cu, 0.1%Cr
0.11%Ni, and the rest Fe, was used for the reiefoent. The rebar was cut into several pieces edbhaviength of
120mm and 12mm diameter. The weight of each pieag taken and recorded. An abrasive paper was osed t
remove any mill scale and rust stains on the si@etimens before being cleaned with ethanol. Igeié prepared
steel rods are to be kept in a desiccator buthferpurpose of this experiment, they were not bex#us rods were
used just after cleaning.

2.4 Preparation of concrete and the test environment

The concrete blocks used for the experiment werdenwd Portland cement, Sand, Gravel and Water. Tvexg
prepared in the ratio 1:2:3 (C: S: G) — cementdsgmavel. Each concrete block, embedded withr#ogging steel
rebar, was 100 mm long, 100 mm wide and 120 mnktAibe water cement (W/C) ratio was 0.44. Fouredéht
concentrations of 25%, 50%, 75% and 100% of eakibitor were used, along with the control experitseftach
steel rebar was placed symmetrically across thgtheaf the block in which it was embedded and hacrete
cover of 50 mm (Fig.1). Only about 90 mm was emilgeldd each concrete block. The remaining 30mm pdeial
at one end of the concrete block, and was coatquteweent atmospheric corrosion. This part was atsed for
electrical connection. The test medium used foritivestigation was 0.2M $$0, solution of AnalaR grade.0.2M
Sulphuric acid was prepared by diluting 110ml ofi@entrated Sulphuric acid in 9,890ml of distilledter which
was used as corrosion medium for reinforced coa@ainples with and without inhibitor
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2.5 Potential and pH measurements

The procedure used followed the previously repoebgaerimental work [22, 25 - 26]. Potential measweats were
taken using a digital voltmeter connected to a eomopper sulphate electrode as shown in Figufighé&.readings
were taken at three different points on each caadreck directly over the embedded steel rebar.
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Figure 1: Schematic representation of experimental set up

The average of the three readings was found angutat as the potential readings for the embeddealie 3 —
day intervals. All the experiments were performedmabient temperature and under free corrosionnpiate The
pH of the media was measured by placing a smaluamaf the medium in the cup of the pH meter, wilith probes
positioned in the sample solution.

2.6 Compressive Strengths
At the completion of the experimental period, coegsive strength test was carried out on each tdaoiple after
weighing, with the aid of a compressive strengghitg machine.

2.7 Weight loss measur ements

Weight loss measurements were taken as describddtoyet al. [25].The coupons were retrieved frameit
corrodent at intervals of 30 minutes progressivelyl50 minutes, scrubbed with bristle brushingiliiésl water and
then immersed in ethanol for 2 minutes to remoeedbrrosion product, dried in acetone and weighée. weight
loss was computed as the difference between thghivat a given time and the initial weight of tksttcoupon.
Corrosion rate and inhibition efficiencies wereccddted with the following equations [19]:

_ |1 _ CRinn
%I.E =1 CRBL] x 100. 1)
CR(= gh™'cm™2) = AW /AT. )

WhereCR;,, andCRg, are the corrosion rate of mild steel in presemm @sence of the inhibitors, respectively.
Ais area of coupon in & is the period of immersion in hours ahl = W, — W,; whereW,is the initial weight
of mild steel andW,is its final weight.
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RESULTSAND DISCUSSION

3.1 Potential Measurement

The results obtained for the four different concatidns of 25, 50, 75 and 100% ¢&rnonia Amygdalinanixed
with the concrete test samples and ZnO mixed \kighconcrete test samples respectively are presemted curves
of Figures 2—6. At this concentration, both VA extrand ZnO inhibitor could not be described asdperotective.
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Figure 2: Variation of potential with time for mild steel reinforcement in concrete mixed with 100% concentration ZnO inhibitor
partially immersed in 0.2M H,SO,solution and 100% VA partially immersed in 0.2M H,SO, solution

In comparison, the concentration at 75% ZnO and Y2¢showed better corrosion inhibition performartican that
of 100% ZnO and 100% VA. A comparison of the pearfance of both inhibitors at 50% concentration withand
100% concentrations showed more passive corrosictions.
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Figure3: Variation of potential with time for mild steel reinforcement in concrete mixed with 75% concentration ZnO inhibitor partially
immersed in 0.2M H,SO,solution and 75% VA partially immersed in 0.2M H,SO,solution
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Figure4: Variation of potential with timefor mild steel reinforcement in concrete mixed with 50% concentration ZnO inhibitor partially
immersed in 0.2M H,SO,solution and 50% VA partially immersed in 0.2M H,SO,solution
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Figureb5: Variation of potential with time for mild steel reinforcement in concrete mixed with 25% concentration ZnO inhibitor partially
immersed in 0.2M H,SO,solution and 25% VA partially immersed in 0.2M H,SO,solution

At 50% concentration, ZnO andernonia Amygdalinanhibitors could be described as more protectivee
optimum value for the ZnO inhibitor performance vadwained with 25% concentration wheréas optimum value
for the extract inhibition performance was obtaineith 50% VA concentrationFigures 6 and 7 provides the
overall zinc oxide an®/ernonia Amygdalin&orrosion inhibition performance profile respechvior the mild steel
embedded in concrete and partially immersed in 2BIO,test medium.
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Figure6:Variation of potential with timefor mild steel reinforcement in concr ete mixed with 25, 50, 75 and 100% concentrations ZnO
and partially immersed in 0.2M H,SO,solution
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Figure 7: Variation of potential with timefor mild steel reinforcement in concrete mixed with 25, 50, 75 and 100% concentrations
Vernonia Amygdalina and partially immersed in 0.2M H,SO,solution

3.2 pH Measurements

The results obtained for the different concentrai(25, 50, 75 and 100%) of the VA extracts and Zm@bitors
are presented in Tablesl and 2. The reinforcedret®locks recorded pH values in which its acidiegreased
from 3.07 from the beginning of the experiment td42at the end in a period of 39 days. Similardeewere
recorded for all the different per cent concendrai of inhibitor addition. This decrease in acidibuld be due to
the reactions between the concrete constitudeisionia Amygdalinathe H,SOjtestenvironment and the reactions
at the steel/environment interface for the steielfoeced concrete blocks.
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Table1: pH readings of mixed bitter leaf extract with 0.2M H,SO,

Day Control VA 100% VA75% VA50% VA25%

0 3.07 1.93 1.79 2.3 211
3 1.95 1.87 1.77 1.73 1.8
6 3.24 2.38 1.75 2.64 271
9 252 1.59 1.54 2.45 2.66
12 1.93 1.8 1.66 1.68 1.78
15 2.3t 2.2 2.1c 1.7¢ 1.92

18 212 251 2.3 1.78 2.05
21 2.33 2.1 1.9 2.2 2.27
24 1.9¢ 1.7¢ 1.t 1.7¢ 2.11

27 2.45 1.43 1.39 1.77 1.89
30 1.57 1.47 1.06 1.57 1.82
33 1.9¢ 1.42 1.14 1.62 1.9¢

36 2.19 1.57 1.32 1.88 1.82
39 2.44 1.65 151 2.13 2.06

A different trend was observed with ZnO inhibitBor each concentration, there was increasing gcidit

Table 2: pH readings of mixed ZnO with 0.2M H,SO,

Day Control ZnO100% ZnO75% ZnO50% ZnO 25%

0 3.07 1.54 1.52 1.57 1.54
3 1.95 1.80 1.85 1.95 2.10
6 3.24 2.29 1.84 2.29 2.09
9 2.52 2.27 2.09 2.00 1.88
12 1.93 1.72 1.67 1.86 1.65
15 2.35 1.83 1.82 1.98 1.71
18 2.12 2.00 1.79 2.27 1.87
21 2.33 1.77 1.75 2.35 1.55
24 1.98 1.92 1.98 1.64 1.66
27 2.45 1.66 1.67 1.65 1.66
3C 1.57 1.7¢ 1.7¢ 1.7¢ 1.82

33 1.95 1.77 1.79 1.87 1.90
36 2.19 1.68 1.79 1.70 1.57
3¢ 2.4 1.9¢ 1.7¢8 1.9¢ 1.7¢

Statistical Analysis

Two-factor single level experiment ANOVA test (Isfewas used to evaluate the separate and comebffesds of
VA concentration and exposure time, ZnO concemnatind exposure time respectively on the corropimtential
of the mild steel reinforcement in 0.2M,$;solution. The F-test was used to examine the amolmariation
within each of the samples relative to the amounvariation between the samples. The Sum of squaes
obtained [26] with equations(3) — (5).

2 2
SS. = D)
nr N (3)
Sum of Squares among rows (concentration of VA):
2
SS, = D
nc N (4)
Total Sum of Squares:
TZ
SSrotar = Yx?— m )

The calculation using the ANOVA test is tabulat&dlfles3, 4, 5 and 6) as shown.
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Table 3: Summary of ANOVA analysisfor potential measurementsin VA inhibitor

Sour ce of Variation SsS Df MS F Significance F
Exposure Time 129740.41 13 9980.04 4.02 1.91
Concentration of VA| 1620359.06 4  405089.f7 163|05 552
Residual 129191.74f 52 2484.4

Total 1879291.27] 69

Table4: Summary of ANOVA analysisfor pH measurementsin VA inhibitor

Sourceof Variation SS | Df | MS F Significance F
Exposure Time 9.23] 13 0.71 2.02 1.91
Concentration of VA| 6.76 4 169 4.80 2.55
Residual 1829 52 0.3b

Total 34.28| 69

On the basis of the results shown in Tables 3 aiitdcén be concluded with 95% confidence that tirecentration
of Vernonia Amygdalinand exposure time significantly affects the potrand pH of the test environment. The
effect of inhibitor concentration was more signifiten both cases.

Table5: Summary of ANOVA analysisfor potential measurementsin ZnO inhibitor

Sour ce of Variation SS Df MS F Significance F
Exposure Time 56441.44 1B 4341.65 240 191
Concentration of ZnQ  1401282.49 1 350320{62 193.34 255
Residual 94219.91 52 1811.97

Total 1551943.84 69

On the basis of the results shown in Tables 5 aiiidc@n be concluded with 95% confidence thatatwecentration
of Zinc oxide and exposure time significantly affethe potential of the test environment but hadsigmificant
effect on the environment’s pH.

Table 6: Summary of ANOVA analysisfor pH measurementsin ZnO inhibitor

Sour ce of Variation SS Df | MS F Significance F
Exposure Tim 1.7C | 183 | 0.1: -8.61 1.91
Concentration of ZnQ  2.5] 4 0.68 -41.80 2,55
Residual -0.79] 52 -0.02

Total 3.42| 69

3.3 Compressive Strengths of Test Samples
The compressive strength of the samples measuretiaé corrosion tests are shown in Table 7.

Table 7: Compressive strengths of test samples

Inhibitor Concentratiol 0 | 25% VA | 50% VA | 75% VA | 100% VA | 25% zZnC | 50% ZnC | 75% ZnC | 100% ZnC
Compressive Strength (Mpd) 18 15 13.5 12 7 16 14 13 10

It was necessary to investigate the effect of ibiilconcentration on compressive strength of cetecdue to its
relative importance in concrete applications. Lowencentration of VA and ZnO respectively, yieldeigher
compressive strength. The relatively lower compvesstrength obtained with the use of the inhilstopuld be
associated with the effect of the chemical constits which most probably acted as contaminant withie
concrete matrix and thus weakening its strength.

3.4 Weight Loss and I nhibitor Efficiency

The results for the weight loss, corrosion rate @iredinhibitor efficiency are presented in Figug®, 10 and 11.
The results presented in the Figures bear a vesedielationship with the results of potential nueasent. The 75
and 100% VA inhibitor concentrations showed rekvvery low values of inhibitor efficiency. The viest
inhibitor efficiency of — 51.52% was recorded witB0% VA concentration. A slightly different behaurowas
observed with ZnO inhibitor. The lowest inhibitoffigency of — 37.63% was recorded with the 100%0Zn
concentration. It was noted that higher concemnatiof both inhibitors had a tendency of accelegatiorrosion
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instead of inhibiting it. This phenomenon is a ewderistic of inhibitor when the appropriate cortcation value is

not used.
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Figure 8: Influence of concentration of VA on weight loss of samples
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Figure 11: Influence of concentration of ZnO on Inhibitor Efficiency

In summary, the experiments were performed usfegionia Amygdalinand zinc oxide as inhibitors in concrete
and 0.2M HSQ, solution test environment. Sulphuric acid is an&rong acid and the ion, $0Q has a very strong
tendency to cause severe corrosion/degradation ilaf steel even in the concrete environment. Thems w
acceleration of corrosion reactions, on additiothaf acid, of the embedded reinforcing steel rebae SQ ions of
the acid broke the passivity of the concrete tesirenment. ie VA and ZnO inhibitors behaved characteristically
like chemical inhibitors in that at the optimum ébwf use (50% VA and 25% ZnO concentrations), asuee of
inhibition was provided in spite of the strong acikd.

CONCLUSION

The severity of corrosion on concrete is increasesulphuric acid environments. From the experiraengsults
obtained and the analysis of the same, the follgwinclusions can be made:

(1) Vernonia Amygdalingbitter leaf) extract and ZnO performed effectivels inhibitors to the corrosion of the
embedded steel rebar in concrete at 25, 50 andcob@entrations in 0.2 M 430, test medium.

(2) The lesser the concentration of both inhibitesed, the more effective was the corrosion inioibiperformance
achieved in the tests. However, the performan@s a&nd 50% concentrations was very close baseldeopdtential
and inhibitor efficiency values.

(3) At 95% confidence level, ANOVA test showed thatied concentration o¥ernonia Amygdalinaand Zinc
Oxide and their exposure times respectively siggifity affects the corrosion potential of embeddeelsrebar in
concrete with concentration having the greaterceffe

(4) At 95% confidence ANOVA test showed that the agrration ofVernonia Amygdalinaand exposure time
significantly affects the pH of the test environmevith the latter having greater effect.
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