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ABSTRACT

The performances of sedium nitrite and aniline inhibitors on the corrosion of concrete steel rebar
partially immersed in sedium chloride and sulphuric acid media were investigated in this study. The
open circuit potential corrosion monitoring technique was employed for the marine and acidic
simulating environments and potential readings were taken in accordance with ASTM C 876,
Inhibiting quality and uniformity of the inhibitors were then analyzed using the Weibull
probability density distribution as an extreme value statistical modelling approach to study
performance effectiveness and predict the most efficient inhibitor in each media. In the statistically
analyzed experimental results for each of the inhibitor concentrations employed, (0.679 M) sodium
nitrite is identified as exhibiting the best inhibiting quality in sodium chloride while (0.137 M)
aniline was predicted as showing the lowest probability of corresion risk in sulphurie acid medium.
The synergetic admixtures employed in the study performed poorly in inhibiting effectiveness
compared to the control specimens in the two media considered. The overall probabilistic results
predicted preferences of sodium nitrite as inhibitors in the sodium chloride medium simulating
saline environments and aniline in sulphuric acidic medium simulating sewage or underground
microbial envirocnments.

Key words: Reinforced concrete, corrosion inhibitors, Weibull distribution, Kelmogorov-Smirnov
statistics, saline/microbial environment

INTRODUCTION

Steel reinforced concrete 1s a very important item of construction, used for major portion of
infrastructural developments that is vital to people’s standard of living globally (Duffe ef al., 2009;
Ha et al., 2007), hence, its durahbility, safe functioning, serviceability and maintainability is
essential for sustainable developments. However, the durability of reinforced concrete structures
could be curtailed by premature or unexpected corrosion failure in the structures (Duffo ef al,,
2009) with debilitating costs of repair or replacement, which constitute major part of
current. spending on infrastructure (Duffo ef @l., 2009; Song and Saraswathy, 2007; Smith and
Virmani, 2000),

Normally, due to the presence of sodium and potassium oxides, as well as calcium hydroxide
produced in the hydration reactions of cement components, high alkaline solution within the pore
structure of cement. paste matrix enables formation of a passive film on steel rebar surface to protect
it from further correding (Smith and Virmani, 2000; Liu, 1996). However, this protection can be
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completely depleted by aging of the structure (Bhargava et al.,, 2007), the ingress of aggressive
electrochemical agents of corrosion in the form of carbonation, chloride contamination
{Bertolini ef al., 2004; Richard, 2002; NEA/CSNI, 2002; Schiegg ef al., 2000) and the progressive
Biogenic Sulphuric Acid (BSA) attack on concrete in sewage environments (Hewayde et al., 2007).
Carbonation, not only hardens the concrete surface but alse reduces the passifying alkalinity of the
concrete rendering the embedded steel reinforcement unprotected (Bertolini ef al., 2004),
Concentration of chlorides sufficient for corrosion attack in concrete, is obtained from sodium
chloride naturally present in sea water and marine atmospheres, or artificially introduced as de-
icing salts in highways and parking facilities in temperate countries (Bertolimi ef al., 2004;
Broomfield, 2003; US Army Corps of Engineers, 1995). This actively breaks down the protective
passive oxide layer, which was originally produced by the passivating alkaline pore water, on the
embedded steel surface. BSA attack on concrete revert hydration products of concrete matrix to
gypsum  (CaS0,) and induce the formation of ettringite (BCa0.Al,0,.3CaS0, 31H,O or
3Ca0.AL0O,.CaS50,.12H,0) through the combined mechanisms of sulphate reducing bacterial
{e.g., Desulfouibrio) and sulphur oxidizing bacterial {(e.g., Thiobacillus thiooxidans) on concrete
(Vollertsen ef al., 2008; Hewayde et al., 2007; Parande et al., 2008). Rust products from carbonation
and chloride attack and gypsum and ettringite from BSA attack are all weak in structural strength
even as they are also expansive within the restricted space of the concrete. As a result, expansive
stresses are set up within the conerete which lead to cracking, delamination and subsequently
spalling of the concrete cover. This leads to progressive exposure of the steel rebar to further
corrosion, degradation of structural integrity and reduction of load bearing capacity, culminating
eventually in catastrophic collapse of the conecrete structure (Song and Saraswathy, 2007,
Hewayde et al., 2007, Parande ef al., 2006; Gaal, 2004). This therefore malkes the need to combat,
this mode of concrete degradation essential.

The use of correosion inhibitor, amongst others has been recognised in studies as a viable means
of protecting steel reinforced conecrete from corrosion in potentially corrosive environments
{(Song and Saraswathy, 2007; Hewayde ef al., 2007; Parande ef al., 2006; Smith and Virmani,
2000; Schiegg ef al., 2000). Several authors have worked on the effectiveness of inhibitors in
various environments many of which studied the inhibitors individually and in synergies
(Burubai and Dagogo, 2007; Afolabi, 2007; Saraswathy and Ha-Won, 2007; Hewayde et al., 2007,
Loto, 1992), employing the OCP technique. This technique which only determines inhibitor
effectiveness is found teo have a major shortcoming in the form of fluctuations of potential readings
during experiments (Burubai and Dagogo, 2007). These fluctuations make data interpretation
difficult and sometimes impoessible. Apart from the fact that, there is a dearth of studies that
employed the statistical approach of the extreme value distribution, the use of sodium nitrite
(NalNQO,) and aniline in synergy have not been reported elsewhere, though they have been used
individually and in synergy with other inhibitors (Burubai and Dagogo, 2007; Afolabi, 2007,
Saraswathy and Ha-Won, 2007; Loto, 1992). This study therefore focuses on the evaluation of the
performance of sodium nitrite and aniline inhibitors on the corrosion of steel reinforced concrete
using statistical method of the extreme value distribution. The synergetic effects of the combination
of the two inhibitors in comparison with their individual effects were also studied. The study
specifically employed the Weibull Probability Distribution Function (PDF), as an extreme value
statistical modelling tool (Roberge and Klassen, 2003), to analyse the quality, reliability and
uniformity of inhibitor performance in investigating the comparative effectiveness of the
inhibitors.
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MATERIALS AND METHODS

Concrete blocks used for the experiment were made, in accordance with literatures (Ha et al.,
2007; Burubai and Dagogo, 2007), using Portland cement, sand and gravel mixed with water at
a mix ratio of 1:2:4. The formulation used for the reinforced conerete specimens for cement, water,
sand and gravel, respectively was 320, 140, 700 and 1150 all in kg m™®. The waterfecement (w/c)
ratio was 0.44. Thirty conerete blocks, in two-sets of fifteen block specimens were used in the study.
Fach of the specimens was admixed with different concentrations of inhibitors and with a fixed
amount of 0.1 M sodium chloride. The first sets of fifteen specimens were immersed in 2.5% sodium
chloride (NaCl) medium to simulate marinefsaline environments while the second sets were
immersed in 0.5 M dilute sulphuric acid (H,S0, medium to simulate microbial (sewage)
environment. All chemicals used were of AnalaR reagent grade. Concrete samples were
premixed with NalNO, and aniline inhibitors concentration that include (1.5 g) 0.136 M,
3.0g 0272 M, (45¢g) 0408 M, (6.0 g) 0544 M, (7.5 g) 0.679 M, (9.0 g) 0.815 M and (1 mly)
0.069 M, (2 mL) 0.137 M, (3 mL) 0.206 M, (4 mL) 0.274 M, (b mL) 0.343 M, (6 mL) 0.411 M,
respectively. The synergetic combinations include concrete specimen admixed with 0.136 M NalNQ,
and 0.274 M aniline and 0.272 M NalNO, and 0.069 M aniline, respectively.

DIN-ST 60 mm type of steel rebar was used for the reinforcement. The steel was obtained
from Oshogbo Steel Relling Mill, Nigeria and its chemical composition include: 0.3% C, 0.25% Si,
1.5% Mn, 0.04% P, 0.64% S, 0.25% Cu, 0.1% Cr, 0.11% Ni and the remainder Fe. The rebar were
cut into several pieces each with a length of 160 and 10 mm diameter and embedded in the
concrete. Abrasive grinder was used to remove the mill scales and rust stains on the steel specimens
before each was placed in its concrete block. The protruded end of the block was painted to prevent
atmospheric corrosion (Burubai and Dagogo, 2007).

Each conerete block was partially immersed in their respective test medium such that the liquid
level was just below the exposed steel reinforcement but not making contact with it. Open Circuit
Potential (OCP) readings were then obtained, by placing a Copper/ecopper Sulphate Electrode (CSE)
firmly on the concrete block. One of the two lead terminals of a high impedance multimeter was
connected to the CSE and the other to the exposed part of the embedded steel reinforcement to
make a complete electrical circuit. OCP for all the specimens were monitored over an exposure
period of 32 days. The readings were taken at three different points on each concrete block directly
over the embedded steel reinforcement (Saraswathy and Ha-Won, 2007; Burubai and Dagogo,
2007) in 2-day intervals for the exposure peried. All the experiments were performed under free
corrosion potential and at ambient temperature. The average of the three readings was computed
and this was subjected to data analysis and interpretation based on the standards of American
Society for Testing and Materals, ASTM C876-91 R99 (Ha et al., 2007; Song and Saraswathy,
2007, ASTM, 2007). Curves of mean corrosion potential readings against exposure time, obtained
during the experiment are presented in Fig. 1 for the first set of specimens with inhibitor
admixtures in NaCl medium, while the curves for the second set of specimen with inhibitor
admixtures in H,5Q, medium are presented in Fig. 2.

Data analysis: The two-parameter Weibull distribution function used 1s given by Haynie (2005),
Murthy et al. (2004) and Montgomery and Runger (2003):

F(X)_lexp[[gjk] (1)
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Fig. 1. Curves of mean potential vs. time for concrete sample admixed with varying concentrations
of sodium nitrite and aniline in NaCl medium
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Fig. 2. Curves of mean potential vs. time for concrete sample admixed with varying concentrations
of sodium nitrite and aniline in H,50, medium

where, k 1s the shape parameter and ¢ is the characteristic value or the scale parameter. KEquation
can be expressed in linear form (Haynie, 2005; Murthy et ¢l., 2004) to cbtain:

In[ ~In[1-F(x)]|=klnx—kInc (2

A threshold value x, = 0 had been assumed by using the two-parameter Weibull (Murthy et al.,
2004). For this, the consistencies of the negative OCP values with the logarithmic nature of Eq. 2
had been ensured by taking x values to be in negative millivolts versus copperf/copper sulphate
electrode i.e., -mV (CSE). This approach finds similarity with the data presentation approach of
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Burubai and Dagogo (2007). Hence, positive values of x are used in the equation. For measurement,
of quality for the data, a Weibull prediction of the mean u is given by Haynie (2005) and
Murthy et al. (2004).

}L:cl"[lJr%J (3)

where, I' () 1s the gamma function of ().

Goodness of fit test: To study how well the OCF data follow the Weibull distribution, the
Kolmogorov-Smirnov (K-5) goodness of fit test (GoF) (Izquierdo et al., 2004; Murthy et al., 2004;
Roberge, 2003; Roberge, 1999) was employed. This GoF criteria measures the absolute difference
between the empirical distribution function F*{x) and the theoretical distribution function Fix)
{Okeniyl and Okeniyi, 2011; Polyanin and Manzhirov, 2007; Soong, 2004) using the expression:

d:d(xl,...,xn):\/r_l sup |F*(X)7F(X)‘ (4)

—I0 00

where, n 1s the sample size. The value of d from KEq. 4 is useful for ascertaining region of the level
of significance (¢) of the K-S goodness-of-fit from tables, using the condition d__..o<C, seetuiated
{(Soong, 2004; Gibbons and Chakraborti, 2003). In this study, however, the p-value of the K-5
goodness-of-fit test was computed directly from the d value and sample size n in Microsoft® Excel®
using the method described in (Okeniyi and Okeniyi, 2011). Thus, based on « = 0.05, level of
significance, the computed p-value, could be subjected to test the hypotheses:

HDZPZO’., (5)
H,: P <a

Where:

H, = Null hypothesis that the measured gas emission data follow the Weibull distribution

H, = Alternative hypothesis that the measured gas emission data does not follow the Weibull
distribution

RESULTS AND DISCUSSION

Observation of the plots of the potential readings in Fig. 1 and 2 show that these readings
fluctuate from the beginning to the end of the experiment, for each concentration of inhibitors
presented. These fluctuations occur in the form of spikes of varying amplitudes and make
interpretation of observed data difficult. Although, the concrete admixed with 0.679 M NalNO,, could
be deduced from Fig. 1 to monoteonically lead the stack in inhibition effectiveness in the NaCl
medium, in spite of the fluctuations in the OCP plots, it is almost impossible however to identify
which concentration exhibited such optimal effectiveness of inhibition in the sulphuric acid medium
from the fluctuating curves in Fig. £. These fluctuations could be due to reactions between the
inhibitor, alkaline pore solution, steel rebar and the medium resulting in complex formations which
accounted for sharp escillatory drifts between the active and passive regions. For these fluctuations
in the OCP readings for each admixed inhibiter, the Weibull distribution modelling tool was
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employed to study the underlying characteristics, especially of inhibiting quality and effectiveness,
with subsequent GoF analysis using the K-5 GoF eriteria. The results from these analyses are
presented in Table 1 and 2 for admixed inhibitors in NaCl and H,50, media, respectively.

From Table 1, the p-values from the K-S goodness of fit test shows that the measured OCP
data for all the reinforced concrete samples immersed in NaCl medium followed the two-parameter
Weibull distribution. For the statistical modelling for these inhibitors, using the Weibull PDF, the
p-values is greater than the significant values of ¢ (i.e., p>0.05) thus satisfying the null hypothesis
in Eq. 5. Also, the large values of shape parameters (k) of the Weibull modelling of the admixed
inhibitors imply small seatters of OCP data and these translate to good uniformity of the measured
data.

Table 2 shows that the p-values of the K-S GoF for the reinforced concrete admixed inhibitors
in H,50, medium are not only lower than that cbtained in NaCl medium but also that p<0.05 for

Table 1: Results of Weibull distribution modelling of aniline and NalNQ, admixtures in reinforced concrete samples immersed in NaCl

medium
Admixed inhibitor k c Wy (-mV (CSE))  Prob(uw)  lNagwa (mV (CSE)) Prob (U..a) pvahie (K-Stest)
Control 8.72 47548 449.62 0.4588 450.19 0.4625 0.35566
1.5g NaNQ; 5.20 644.75 £593.30 0.4775 502,38 0.4748 0.5814
3.0 g NalNO, 8.52 574.17 542.35 0.4595 543.06 0.4632 0.8201
4.5 g NalNO, 4.69 422.55 386.53 0.4824 386.75 0.4833 0.9778
6.0 g NaNO; 4.10 582.81 £529.00 0.4894 521.81 0.4704 0.0847
7.5 g NaNO, 5.14 293.70 270.10 0.4780 268.88 0.4701 0.2359
9.0 g NaNO; 4.35 507.36 462.08 0.4862 459.75 0.4788 0.2599
1 mL aniline 7.54 603.15 566.35 0.4632 566.94 0.4658 0.7925
2 mL aniline 3.87 561.33 507.85 0.4927 501.13 0.4751 0.2851
3 mL aniline 541 548.13 505.55 0.4757 505.06 0.4739 0.7217
4 mL aniline 9.78 470.42 447.12 0.45657 448.00 0.4621 0.9486
5 mL aniline 13.90 555.49 535.10 0.4482 536.00 0.4559 0.9785
6 mL aniline 12.06 581.46 557.30 0.4509 558.13 0.4568 0.4707
1.5g NaNQ; + 4 mL aniline 7.56 608.94 571.88 0.4631 572.88 0.4675 0.9268
3.0 g NaNO; + 1 mL aniline 3.09 532.23 475.88 0.5073 468.50 0.4906 0.1544

Table 2: Results of Weibull distribution modelling of aniline and NalNO, admixtures in reinforced concrete samples immersed in H:S80,

medium
Admixed inhibitor k c Wy (mV (CSE))  Prob (uw)  agwa ((mV (CSE))  Prob (Uasua) pvalue (K-S test)
Control 1.14 553.00 527.96 0.6127 455.69 0.5517 0.0575
1.5 g NaNO, 2.08 752.26 6566.32 0.5403 619.75 0.4875 0.0982
3.0 g NaNQ, 1.66 760.92 679.98 0.5637 605.75 0.4955 0.0755
4.5 g NaNO, 1.93 854.12 757.564 0.5476 680.13 0.4748 0.0085
6.0g NaNO, 1.00 657.74 659.04 0.6328 520.13 0.5530 0.0748
7.5 g NaNQ, 0.98 723.07 729.38 0.6353 560.00 0.5409 0.0357
9.0 g NaNO, 091 898.80 937.47 0.6463 6513.69 0.5061 0.0040
1 ml, aniline 1.72 593.03 528.65 0.5597 472.50 0.4913 0.0135
2 mL aniline 1.58 448.40 402.60 0.5699 371.63 0.5247 0.2084
3 mL aniline 1.26 489.81 455.21 0.5981 384.69 0.5215 0.0564
4 mL aniline 1.58 716.18 6539.54 0.5626 585.88 0.5101 0.1922
5 mL aniline 1.41 512.11 466.22 0.5835 399.50 0.5057 0.1047
6 ml aniline 1.24 763.82 712.19 0.6001 556.00 0.4901 0.0045
1.5 g NaNO; + 4 mL aniline 1.21 732.58 6588.10 0.6043 547.66 0.5053 0.0154
3.0 g NaNQO; + 1 mL aniline 1.15 728.73 693.90 0.6114 534.31 0.5036 0.0060
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seven of these fifteen specimens. By this, while we fail to reject the null hypothesis that the
measured OCP data follow the two-parameter Weibull PDF for the remaining eight admixed
inhibitors having p>0.05, there is need to reject the null hypothesis for the other seven concrete
admixed inhibitors. The reason for this kind of result could be due to the large scatter of OCP data,
derivable from the smallness of the shape parameter (k), which is a measure of the uniformity of
the measured data, predominant with these inhibitors in the highly corroding H,S0O, medium. Such
large secatter in measured OCP data populations, in corrosion sense, might have resulted from
initiations of pitting corrosion occurring when sulphate ions in ample concentration hit the steel
rebar surface (Hausmann, 2004).

To further investigate performance prediction of the admixed inhibitors in reinforced conerete,
the mean values obtained from the Weibull model were subjected to the corrosion classification
standard of ASTM C 876 with reference to CSE. Corrosion classification conditions obtained based
on the standard are presented in Table 3 and 4 for admixed inhibitors in NaCl and H,S0,
media, respectively.

Tahble 3: Carrosion condition prediction for admixed inhibitor in NaCl medium

Admixed inhibitor 1 Predicted corrosion condition
Control (no inhihitor) 449.62 High (=90% risk of corrosion)
1.5 g NaNO, 593.30 Severe corrosion

3.0 g NaNQ, 542.35 Severe corrosion

4.5 g NaNO, 386.53 High (>=90% risk of corrosion)
6.0g NaNO, £520.00 Severe corrosion

7.5 g NaNO, 270.10 Intermediate corrosion risk
9.0 g NaNO, 462.08 High (>=90% risk of corrosion)
1 mL aniline 566.35 Severe corrosion

2 mL aniline 507.85 Severe corrosion

3 mL aniline 505.55 Severe corrosion

4 mL aniline 44712 High (>=90% risk of corrosion)
5 mL aniline 535.10 Severe corrosion

6 mL aniline 557.30 Severe corrosion

1.5g NaNO; + 4 mL aniline 571.88 Severe corrosion

3.0 g NaNO; + 1 mL aniline 475.88 High (=90% risk of corrosion)

Tahle 4: Carrosion condition prediction for admixed inhibitor in H.SO,; medium

Admixed inhibitor n Predicted corrosion condition
Control (no inhibitor) 527.96 Severe corrosion
1.5 g NaNO, 666.32 Severe corrosion
3.0 g NaNO, 679.98 Severe corrosion
4.5 g NaNO, 757.654 Severe corrosion
6.0g NaNO, £59.04 Severe corrosion
7.5 g NaNO, 729.38 Severe corrosion
9.0 g NaNQ, 937.47 Severe corrosion
1 mL aniline 528.65 Severe corrosion
2 ml aniline 402.60 High (=90% risk of corrosion)
3 mL aniline 455.21 High (=90% risk of corrosion)
4 mL aniline 639.54 Severe corrosion
5 ml aniline 466,22 High (=90% risk of corrosion)
6 mL aniline 712.19 Severe corrosion
1.5 g NaNO; + 4 mL aniline £688.10 Severe corrosion
3.0 g NaNO; + 1 mL aniline 693.90 Severe corrosion
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The performance ranking of inhibiting quality based on Weibull model prediction is presented
in Fig. 8 and 4 for admixed inhibitors in NaCl and H,50, media, respectively.

Figure 3 identified 7.5 g NalNQ, admixture in steel reinforced concrete as exhibiting optimum
inhibiting effectiveness in NaCl medium, according to the performance ranking of the Weibull
model prediction. This inhibiting effectiveness is valued at a quality of -270.10 mV (CSE), from
Table 1, representing a slight over-prediction compared to its actual mean OCF of -268.88 mV
{CSE) from measured data. The reliability of this modelled quality stands at a probability of 47.80%
bearing good comparison with the probability of observing its measured actual mean OCPF data
valued at 47.01%. This optimal inhibiting quality predicted for 7.5 g NaNQO, admixture moderated
the corrosion condition to the intermediate corrosion risk range from high (i.e., greater than 90%
probability that corrosion will occur) modelled for the control specimen (Table 3) according to ASTM
C876-91 R99.

Also identified by the Weibull prediction modelling presented in Fig. 3 as exhibiting good
inhibiting effectiveness in NaCl medium compared to the control specimen is 4.5 g NalNO,
admixture followed, in order of predicted effectiveness, by 4 mL aniline admxture in steel
reinforced concrete. The quality of inhibition predicted for 4.5 g NalNO, admixture in Table 1 is
valued at-386.53 mV (CSKE) at a reliability of 48.24% probability, also representing good model
prediction compared to a measured actual mean value of -386.75 mV (CSE) at 48.33% probability
of observation. Predicted for 4 mL aniline admixture, from Table 1, include the modelled quality
of -447.12 mV (CSE) at a reliability of 45.57% probability from measured OCP data with the mean
of -448.00 mV (CSE) observed at a probability of 46.21%.

Compared to the control specimen having no admixed inhibitor, all other concentrations of
admixed inhibitors studied in this work are predicted as exhibiting poor corresion inhibition in
NaCl medium. This model prediction of the Weibull probability density distribution, though giving
more perceptible interpretations than that from the OCP data curves in Fig. 1, finds good
agreement with performance rankings deducible. In Fig. 1, for instance, 7.5 g NalNO, had been
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Fig. 3: Performance ranking of inhibiting quality of admixed inhibitors in NaCl medium based on
Weibull model prediction
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Fig. 4: Performance ranking of inhibiting quality of admixed inhibitors in H,S0O, medium based
on Weibull model prediction

observed as leading the stack even as 1.5 g NalNO, could be identified as exhibiting lowest mean
corrosion potential performance as confirmed by the Weibull rankings of performance prediction
presented in Fig. 3.

In H,S50, medium, the performance prediction model of the Weibull distribution, presented in
Fig. 4, identified 2 mL aniline admixed inhibitor in steel reinforced concrete as exhibiting optimal
inhibition effectiveness, compared to the control specimen with no admixed inhibitor. At a predicted
inhibiting quality of -402.80 mV (CSE) (Table 2) and reliability of 58.99% probability, this
modelling, however, represents a wide margin of over-prediction in comparison with the actual
mean OCP of -371.63 mV (CSK) observed at a probability of 52.47%. Though obtained at a good
K-S goodness of fit which confirms the null hypothesis, this margin of quality over-prediction is,
however, wider than that obtainable with any of the admixed inhibitors in NaCl medium. It could
also be observed that the reliability obtained as probability percentage in this medium (H,SO)) is
higher than any obtainable in NaCl medium. Furthermore, the H,SO, medium was confirmed in
this study as a harsh corroding environment to steel reinforced concrete even as observed in
literatures (Hewayde ef al., 2007, Parande et al., 2008). At this, the optimal inhibiting quality
favouring 2 mL aniline admixture in steel reinforced concrete was only able to assuage the
predicted corrosion condition to the range of high (>90%) risk that corrosion will occur from the
severe corrosion range modelled for the control specimen, according to ASTM C875-91 R99, in
Table 4. However, the 3 and 5 mL admixtures closely followed the 2 mL inhibitor concentration in
order of effectiveness with quality/reliability of -455.21 mV (CSE)}/59.81% and -466.22 mV
(CSK)/H8.35%, respectively, compared to measured OCP meanfprobability of -384.69 mV
{CSE)52.15% and -399.50 mV (CSE)/B0.57%, as shown in Table 2. The other inhibitor admixture
concentrations appeared (in no particular order) to come after the control in effectiveness, revealing
that no specific relationship exists between increasing concentrations and inhibitor effectiveness.

All the synergetic inhibitor admixtures considered in this study are modelled as exhibiting poor
inhibiting performance both in NaCl and H,50, media. Of these, only the synergetic combination
of 3.0 g NalNO, + 1 mL aniline admixtures in NaCl medium could be considered as somewhat close
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to the control specimen as to be suggestive of the need for further studies involving optimal increase
of the concentrations of the inhibitor combinations needed for effective inhibition in that medium.

CONCLUSION

The performance of sodium nitrite and aniline as inhibitors on the corrosion of steel reinforced
concrete has been modelled in this study using the Weibull PDF and the Kolmogorov-Smirnoev
statistics for the goodness of fit test of the modelled data. From the study the following conclusions
could be drawn:

«  Ofthe two-sets of fifteen specimens of inhibitor admixture in steel reinforced concrete tested,
all the fifteen specimens in NaCl medium followed the fittings of the Weibull distribution model
along with eight out of the fifteen specimens in H,50, medium. The remaining seven specimens
in Hy80, medium were characterised with large scatter of measured data in the harsh sulphate
corrosive environment and thus did not follow the Weibull medel fittings according to the K-S
criteria

+  The statistical model identified 7.5 g (0.679 M) NalNO, inhibitor admixture in steel reinforeed
concrete as exhibiting optimal performance of inhibition effectiveness in NaCl medium with
Weibull quality modelling of -270.10 mV (CSE) at 47.80% probability, followed, in order, by
4.5 g NaNO, and 4 mL aniline admixtures

«  Inthe H,S0, medium, 2 mL (0.137 M) aniline inhibitor admixture in steel reinforced concrete
was modelled as exhibiting optimum performance of inhibition effectiveness, with Weibull
quality of -402.60 mV (CSE) at 56.99% probability

« All the synergetic admixtures employed in the study performed poorly in inhibiting
effectiveness compared to the control specimens in the two media considered

* The Weibull modelling of corrosion potential for each concrete samples have enabled
interpretation of the OCP data in accordance with ASTM C876-91 R99

REFERENCES

ASTM, 2007, Standard Test Method for Half-Cell Fotentials of Uncoated Reinforcing Steel in
Concrete. In: Annual Book of ASTM Standards, ASTM (Ed.). ASTM International, West
Conshohocken, PA.

Afclabi, A.S., 2007, Synergistic inhibition of potassium chromate and sodium nitrite on mild steel
in chloride sulphide media. Leonardo Elect. J. Fractices Technol., 11: 143-154,

Bertolini, L., B. Elsener, P. Padeferri and E.B. Polder, 2004. Corrosion of Steel in Concrete:
Prevention, Diagnosis, Repair. Wiley-VCH, Weinheim, pp: 409,

Bhargava, K., AK. Ghosh, Y. Mori and S. Ramanujam, 2007. Corrosion-induced bond
strength degradation in reinforced concrete: Analytical and empirical models. Nuel. Eng.
Design, 237: 1140-1157.

Broomfield, J.P., 2003, Corroson of Steel in Concrete: Understanding, Investigation and Repair.
Taylor and Francis, London.

Burubai, W. and G. Dagogo, 2007. Comparative study of inhibitors on the corrosion of mild steel
reinforcement in concrete. Agric. Eng. Int. CIGR E J., : 1-10.

Duffo, G.5., S.B. Farina and C.M. Giordano, 2009. Characterization of sclid embeddable
reference electrodes for corrosion monitoring in reinforced concrete structures. Electrochim,
Acta, b4: 1010-1020.

141



Asian J. Applied Sei., 5 (3): 132-143, 2012

(Graal, G.C.M., 2004, Prediction of deterioration of concrete bridges. Ph.DD. Thesis, Delft University
Press, Delft, NL.

Gibbons, J.D. and S. Chakraborti, 2003, Nonparametric Statistical Inference. 4th Edn., CRC Press,
New York, ISBIN: 9780824755225, Pages: 680,

Ha, T.H., 5. Muralidharan, J.H. Bae, Y.C. Ha, H.G. Lee, KW. Park and D K. Kim, 2007.
Aceelerated short-term techniques to evaluate the corrosion performance of steel in fly ash
blended conecrete. Build. Environ., 42: 78-85.

Hausmann, D.A., 2004. Long-term performance of steel in concrete immersed in sea water.
NACE CORROSION  Paper no. 04284,  http:///www.onepetro.org/mslib/servlet/
onepetropreview?id=INACE-04284

Haynie, F.H., 2005, Statistical Treatment of Data, Data Interpretation and Reliability. In:
Corrosion Tests and Standards: Application and Interpretation, Baboian, R. (Ed.). 2nd Edn.,
ASTM International, West Conshohocken, PA, pp: 83-88,

Hewayde, E., M.L. Nehdi, E. Allouche and G. Nakhla, 2007, Using concrete admixtures for
sulphuric acid resistance. Proc. ICE Construct. Mater., 160: 25-35,

Izquierdo, D., C. Alonso, C. Andrade and M. Castellote, 2004, Potentiostatic determination of
chloride threshold wvalues for rebar depassivation: Experimental and statistical study.
Electrochim. Acta, 49: 2731-2739.

Liu, Y., 1998. Modeling the time to corrosion cracking of the cover concrete in chloride
contaminated reinforced conerete structures. Ph.D. Thesis, Virginia Polytechnic Institute An
State University, Blacksburg, Virginia.

Loto, C.A., 1992, Effect of inhibitors and admixed chloride on electrochemical corrosion behavier
of mild steel reinforcement in concrete in seawater. Corrosion, 48: 759-763.

Montgomery, C.ID. and G.C. Runger, 2003. Applied Statistics and Probability for Engineers.
3rd Edn., John Wiley and Sons Ine., USA., ISBN-10: 0471204544, Pages: 7086.

Murthy, D.IN.P., M. Xie and E. Jiang, 2004, Weibull Models, (Wiley Series in Probability and
Statisties). John Wiley and Sons, Ine., New Jersey.,

NEA/CSNI, 2002, Electrochemical techniques to detect corrosion in concrete structures in
nuclear installations. Organisation for Eeonomie Co-operation and Development (OECD),
Technical Note.

Okeniyi, J.O. and KE.T. Okeniyi, 2011. Implementation of Kolmogorov-Smirnov P-value
computation in Visual Basic ® Implication for Microsoft Excel ®library function. J. Stat.
Comput. Simulat., 10.1080/00949655.2011.593035

Parande, A K., P.LL. Ramsamy, S. Ethirajan, C.E.K. Eao and N. Palanisamy, 2006, Deterioration
of reinforeed concrete in sewer environments. Proc. Inst. Civil Eng. Municipal Eng., 159: 11-20.

Polyanin, A.ID. and A V. Manzhirov, 2007. Handbook of Mathematics for Kngineers and Scientists.
Chapman and Hall/CRC, Boca Raton, ISBN: 9781584885023, Pages: 1509,

Richard, R.L., 2002, Leading the Way in Concrete Repair and Protection Technology. Concrete
Repair Association, Costa Rica.

Roberge, P.R. and R.D. Klassen, 2003. Corrosion Monitoring Techniques. In: ASM Handbook,
Vol. 13 A, Corrosion: Fundamentals, Testing and Protection, Cramer, 5.D. and B.S. Covino Jr.
(Fds.). ASM International, Materials Park, OH., pp: 514-518,

Roberge, P.R., 1999, Handbock of Corrosion Engineering. MeGraw-Hill, London.

142



Asian J. Applied Sei., 5 (3): 132-143, 2012

Roberge, P.R., 2003. Statistical Interpretation of Corrosion Test Results. In: ASM Handhbook:
Corrosion: Fundamentals, Testing and Protection, Cramer, S.D. and B.S. Covino (Eds.).
10th Edn. ASM International, USA., [ISBN-13: 978-0871707055, pp: 425-429,

Saraswathy, V. and 5. Ha-Won, 2007, Improving the durability of concrete by using inhibitors.
Build. Enviren., 42: 464-472.

Schiegg, Y., F. Hunkeler and H. Ungricht, 2000. The effectiveness of corresion inhibitors: A field
study. Proceedings of the 16th Congress of [ABSE Paper 234, Lucerne.

Smith, J.L. and Y.P. Virmani, 2000. Materials and methods for corrosion control of reinforced and
prestressed concrete structures in new construction. Publication No. FHWA-RD-00-81, Federal
Highway Administration Research, Development and Technolegy, US. Department of
Transportation, MecLean, Virginia, June 2000,

Song, HW. and V. Saraswathy, 2007. Corresion monitoring of reinforeced concrete structures: A
review, Int. J. Electrochem. Sci., 2: 1-28,

Soong, T.T., 2004, Fundamentals of Probability and Statistics for Engineers. John Wiley and Sons
Ltd., England, ISBN: 9780470868140, Pages: 391.

US Army Corps of Engineers, 1995, Engineering and design evaluation and repair of concrete
structures. Engineering Manuals EM 1110-2-2002, Department of the Army, Washington,
DC., USA.

Vollertsen, J., A.H. Nielsen, H.S. Jensen, T. Wium-Andersen and T. Hvitved-Jaccbsen, 2008,
Corrosion of concrete sewers: The kinetics of hydrogen sulfide oxidation. Seai. Total Environ.,
394: 162-170.

143



