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ABSTRACT

The present corrosion inhibitors in market for the protection of steel reinforcement in concrete exposed to
chloride attack are toxic to the environment and compromises sustainability drives. There is the needs to
develop inhibitor that are eco-friendly and sustainable. In this work the ability of hydrophobic green plant
extracts inhibitor (Bambusa arundinacea) to repassivates the chloride induced corrosion of steel was studied. Its
efficacy and effectiveness was also compared with calcium nitrite inhibitor. Concrete mix was designed to
30MPa with 0.45 WI/C ratios and 1.5% weight of cement content of chloride was added to initiate corrosion.
Inhibitors additions were 2%. Electrochemical impedance spectroscopy, linear polarization resistance and Field
emission spectroscopy (FESEM) were used to monitor corrosion behavior of steel at 180 days exposure period.
Corrosion rate of the inhibitors studied showed that Bambusa Arundinacea is superior as compared to calcium
nitrite as results of its high concrete resistivity, chloride binding property and polarization resistance. Bambusa
Arundinacea may be considered a better substitute for nitrite based corrosion inhibiting admixtures for durable
concrete structures due its versatility.
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Introduction

Reinforcement steel in concrete normally acquires a permanent state of passivity due to the high alkalinity of the
environment (Abd El Haleem et al. 2010a). pH values higher than 12 result from the liberation of Ca(OH), and
the presence of potassium and sodium hydroxides ensuring continuous protection of the steel (Abd EI Haleem et
al. 2010b; Abd El Haleem et al. 2010c). Presence of oxygen stabilizes the passive film on the surface of the
embedded steel. Although the precise nature of the passive film is unknown, several views have been advanced
in this context. A spinel a-Fe;0,~y-Fe,03 solid solution is proposed to form the passive film on steel (Batis and
Rakanta 2005; Ann et al. 2010; Baafas and Burgoyne 2010). However, Contamination of concrete with ions
like CI" causes breskdown of passivity and initiation of localized attack (El Hassan et al. 2010). Chloride ions
can enter the concrete from de-icing salts, from sea water in marine environments, from chloride containing
admixtures and/or from mixing water (Alvarez et al. 2011). Above a certain threshold chloride ion
concentration, the passive layer on the reinforcing steel breaks down as a result of chloride induced pitting of
steel (Berke 2005; Blau et al. 2007; Apostolopoulos and Koutsoukos 2008).

Over the years a number of protection measures have been suggested by many workers to delay, slow, or stop
the corrosion process, thereby enhancing the service life of concrete structures. One of the practical methods
suggested for the control of steel corrosion in concrete is the use of corrosion inhibitors either preventive or
curative treatment (Trépanier et a. 2001; Tritthart 2003; Martinez and C. Andrade 2008; Tittarelli and Moriconi
G. 2008; Tao et a. 2009; Tommaselli et al. 2009; Vedalakshmi et al. 2009; Y uan et al. 2009; Zhang et al. 2009;
Zhang et a. 2009; Jing and Wu 2011).
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Most of these corrosion inhibitors which are presently in use are not eco-friendly and biodegradable, hence the
need to develop one which is sustainable. In thiswork, a green plant extract (Bambusa arundinacea) which has
been proven to be biodegradable, cheap and environmentally benign (Abdulrahman et al. 2011b) was used to
inhibit chloride induced corrosion of reinforcement in concrete. Hence in this work Bambusa arundinacea was
used as a passivation- promoting inhibitor due its high content of alkali metals.

2.0 Materialsand Methods

2.1 Materialsused

Ordinary Portland Cement (OPC) was used in this research. Chemical compositions accompanied by some

important physical and mechanical properties of the cement are same as in the companion paper (Abdulrahman
et a. 20114). The chloride was admixed into the concrete as magnesium chloride of analytical reagent grade.
The concentrations of Magnesium chloride used were 1.5% by mass of cement and the corresponding chloride
concentrations was 0.94%.
All the concrete mixes were designed for similar workability with slump of 30-60 mm. The water content was
kept constant to 230 kg/m® for the desired slump in all the mixes to have similar workability. The water—cement
ratio (w/c) used was 0.45. The fresh density of concrete was then obtained as per guidelines specified by British
method of mix selection (DOE) to be 2380K g/m®>. Design mix is as presented in Table 1.

2.2 Preparation of plant extracts

Fresh leaves of Bambusa Arundinacea (Indian Bamboo) was washed under running water, shade dried and
ground into powder. Details of the extraction process are as described in the paper (Mohammad et a. 2011).

23 Corrosion specimens

The corrosion behaviors of embedded steel in concrete were monitored by electrochemical impedance
spectroscopy (EIS) and linear polarization resistance (LPR) using the SRI-CM-III portable rebar corrosion
meter. Measurements were done at the corrosion potential; the amplitude of the sine wave perturbation was
10mV in frequency range of 10 KHz to 10 mHz, 25 points sweep density per frequency decade were collected.
The standard silver chloride electrode was used as reference, stainless steel disc as central and guard counter
electrode. While 16mm diameter mild steel was used as working electrode. EIS measurements were carried out
after 180 days of exposure of wet and dry cycles. Initially the specimens were cured in seawater for 28 days at a
laboratory temperature of 28°C after 24h of casting. The surface morphologies and elemental analysis were
observed by FESEM.

3. Resultsand Discussions

31 Linear polarization resistance (LPR) technique and electrochemical impedance spectroscopy (EIS)
studies

The polarization resistance (R;), concrete resistivity (Rc) and corrosion rate calculated from the LPR technique
for control, contaminated and inhibitor admixture concrete are reported in Table 2. Also the double layer
capacitance (Cy) that characterizes the charge separation between metal and electrolyte interface, polarization
resistance (Ry), corrosion rate calculated from EIS studies for all the samples were equally presented in Table 2.
The results of LPR and EIS tests shows that the concrete resistivity (R.) and polarization resistance (R,) values
were more higher for Ca(NO,), and Bambusa arundinacea inhibitors admixture concrete as compared to the
control and chloride contaminated concrete. R. is considered to be high if the value is greater than 4 KQ. But
Bambusa arundinacea was outstanding compared with Ca(NO,), inhibitors. This is due to the present of high
potassium which repassivates the concrete as evident in Figure 4 and Table 3. From Figure 1-3 there are
presence of chloride which depassivate concretes and subsequently causes corrosion of the reinforcement,
whereas in Figure 4 chloride disappeared as aresult of passivating properties of Bambusa arundinacea inhibitor.
Thisisaconfirmation of low corrosion rate of 1.53 mmpy in Table 3 for Bambusa arundinacea.
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Table 1. Concrete mix proportions

Water -cement Water Cement Fine Coarse
Ratio (w/c) content content aggregate aggr egate content
(Kg/m®) (Kg/m®) Content (Kg/m®)
(Kg/m®)
0.45 230 511 623 1016
Table 2. Measurement of corrosion rate by impedance and L PR technique
System Ti LPR ! EIS
studied me R. Rp lcorr CR Ca R. Rp | corr CR
Da (KQ (K HA/C (103 mF ( (KQ  pA/cm? (107
ys ) Q) m? mmpy KQ) ) mmpy
Control 18 4.10 17 0.1525 1.80 0.11 3. 142 0.1883 219
0 0 2 97
Control 18 342 13 0.2008 2.30 0.13 3. 120 0.2179 2.50
with 0 0 3 44
MgCl,
Ca(NO,), 18 3.46 22 0.1153 1.30 0.11 3. 138 0.1883 219
Inhibitor 0 6 5 64
Bambusa 18 5.71 20 0.1285 150 0.08 5. 198 0.1312 1.53
Inhibitor 0 2 0 73
Table 3. Results of energy dispersive x-ray spectroscopy (EDYS)
Sample Element Average weight (%) Corrosion
C O Al Si Cl Ca Mg Fe S Total Rate
mmp
x10
Control 690 36.46 144 269 0.38 1049 - 41.65 - 100 2.19
MgCl, 6.90 4299 320 267 103 2104 - 21.36 0.85 100 2.50
Ca(NO,), 6.58 4180 24 582 069 1850 029 2392 - 100 2.19
Bambusa 5.98 37.97 148 4.04 - 1415 0.28 36.11 - 100 153
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Figure 2: EDS for MgCl, salt contaminated sample
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Figure 3. EDSfor Ca(NO,), inhibited sample
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Figure 4: EDS for Bambusa inhibited sample
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4. Conclusion

The following conclusions can be drawn from this work, in the abilities of Ca(NO,), and Bambusa arundinacea
to inhibit the initiated corrosion of steel embedded chloride contaminated concrete:

1. The polarization resistance, concrete resistivity and double layer capacitance taken from
impedance data can serve directly as an indicator of the corrosion behaviour of steel in concrete or
contaminated concrete without need of their conversion into corrosion current density or corrosion
rate.

2. Bambusa Arundinacea can be effective as mixed type corrosion inhibitor for steel reinforcement in
concrete, when it is added to fresh concrete.
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