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Abstract

This paper presents the results of performance of sacrificial protection in preventing the rebar corrosion in chloride contaminated and chloride
free concrete. In this present study, the effectiveness of sacrificial protection of embedded steel rebars has been evaluated on chloride
contaminated and chloride free concrete slabs using ribbon type Zinc anodes with ion conductive polymer backfill over a period of 250 days
of exposure. The results showed that the ribbon type zinc sacrificial anodes with the navel electrochemical interface (lon conductive polymer
backfill) can confer effective corrosion protection of embedded steel in concrete on preventing corrosion initiation in chloride contaminated
as well as chloride free concretes slabs. The cathodic protection criteria evaluated on concrete unit slab showed that 100-150mV is necessary
in the atmospheric exposure and 160-200mV under alternate wetting & drying conditions.
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1. Introduction

The steel reinforcement bars embedded in concrete structures
exposed to marine environment can undergo rapid deterioration due
to severe corrosion. The major factor responsible for this accelerated
reinforcement corrosion are chloride ingress and breakdown of
passivity. It is a global problem affecting the economy of each and
every country in the world. A number of corrosion prevention and
control system have developed and installed worldwide. Among
them, cathodic protection is proven technique, which provides
solution lies in maintaining a chloride free environment around the
steel reinforcements throughout the service life of the bridges and
structures. In other words, cathodic protection (CP) offers fool proof
solution to stop the corrosion process[1,2,3].

A number of studies have conducted to evaluate the performance of
cathodic protection of steel embedded in prestressed as well as post
tensioned concrete structures. Once pitting type corrosion initiated in
the active surface of the steel, cathodic protection is best solution to
minimize the metal dissolution rate. [4,5]. It is generally achieved
using an extended anode laid on the surface of the concrete, either an
insoluble anode connected with a current feeder (impressed current
cathodic protection) or a more active metal (sacrificial cathodic
protection) to stop the corrosion process [6,7].Cathodic protection is
an electrochemical process of shifting of potential of steel to the
open circuit potential anode thereby the potential difference between
the anode and cathode gets minimised and ultimately corrosion
process can be stopped [8].

The principle was proved through the laboratory test as well as field
scale experiments, which was conducted on the depolarization
behaviour and it is reported that the cathodic protection parameters
varied with temperature and electrolyte content (water content) [9].
In order to reduce the potential difference between anode and
cathode, the steel should be sufficiently polarised towards the open
circuit potential of sacrificial anode. The E-Logi test evidently
showed that the adequate shifting of (polarisation) steel potential
towards cathodic direction [10]. The performance of sacrificial
cathodic protection was evaluated on steel rebars embedded in
submerged marine piles structure [11,12,13]and reported. The
distribution of galvanic current is an important parameter, which is
generally obstructed by various factors such as concrete resistivity
and anode-cathode steel geometry [14]. On the other hand, it was
shown that unless the concrete electrical resistivity is very low, the
protection provided by submerged anodes is of limited effectiveness
above the water line. So the system requires some special gadgets to
regulate the current flow [15,16].The laboratory and field scale
experiments have suggested that even current densities lower than
10mA/m? can maintain steel potential values were pitting corrosion
cannot initiate when the chloride content exceeds 3.5% by the
weight of cement [17,18,19]. Such current densities are necessary
consider to design the current requirement for effective corrosion
protection. Obviously when the sufficient quantity of galvanic
current is applied before corrosion initiated and is maintained
throughout the entire service life of the structure. It is also pointed
out that the effective performance of any cathodic protection is
depends upon the efficient functioning of backfills system at anode—
concrete interface.

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



mailto:dolli@veltechmultitech.org

334

International Journal of Engineering & Technology

In some practical application of CP systems, hydrogel systems are
also developed and the performance is reported[20]. In this paper an
attempt has been made to prevent the corrosion of embedded steel in
concrete using ribbon type zinc anode in conjunction with ion
conductive polymer backfill showed an enhanced corrosion
protection even in chloride contaminated concretes.

2. Experimental

2.1 Casting of Experimental Concrete Slabs

The experimental concrete slabs were cast as per the following
standard procedure. The mix proportion as well as the compressive
data is presented in Table 1.

Table 1: Details of Concrete mix proportion and compressive Strength data
for experimental specimens

Sl Concretemix Compressive Concrete resistivity
No | design strength (K.Ohm.cm)
(KN)
1 Cement 1part M30 M20 M30 M20
grade | grade | grade grade
2 Coarse 322 | 232 50K.Q.cm 105K.Q.cm
aggregate:
15
3 Stone
aggregates 1.75
4 Water cement
ratio:
0.48

The experimental concrete slabs of size Imx1mx0.1m are cast with
two numbers of Cold Twisted deformed (CTD) steel rebars of size
16mm in diameter, 900mm exposed length are derusted in standard
pickling solution containing diluted mineral acid (1:1 HCI) with 5%
hexamine, rinsed in running tap water, air dried, degreased with
trichloro ethylene and embedded at a clear cover of 40mm from the
top surface. Before embedment, the electrical leads were taken from
the one end, which is masked with epoxy. After 24 hours, the
concrete slabs were subjected to water curing for a period of 28days.
Two sets of concrete slabs were cast,

a. Experimental slab cast without chloride (Control system)
b. Experimental slab cast with 3.5% sodium
(Contaminated system)

After a specified period of curing, the concrete slabs were subjected
to cathodic protection test using the ribbon type sacrificial anode as
detailed below. In the above investigation it is suggested as below.

chloride

2.2 Synthesis of Polymer Backfill

The poly acrylic acid backfill can be prepared by 0.50mole % of
poly acrylic acid taken in a 250ml glass beaker.

Then the 5mole % of glutaldehyde (gelating agent) is slowly added
to the content and dissolved in water. The above content is stirred
using a magnetic stirrer for a period of 30minutes. After the
specified period, the mineral acid (dopant) is gradually added. To
initiate doping, the content is kept in an oven at 75-80°C for 2 hours
and then it is kept in reduced temperature at 60-65°C for 1 hour. At
the end of the period, the gel taken out and allowed to air curing.
Finally the dried gel can be sliced to any desired size for evaluation
Later the product got international patent (US. Patent No. PCTRE
/1022 dated 10.12.2006)

2.3 Installation of Ribbon Type Magnesium Anode and
Evaluation of Cathodic Protection

After a specified period of curing, a ribbon type zinc anode of size
100cm long with 1.0cm width was laid at the top surface of the
concrete. Then a polymer backfill in sheet form of size 100cm long
with 1.0cm wide was inserted in between the anode-concrete
surface. The cathodic protection system was energised by
electrically connecting the anode and rebar terminals. Before
commencement of cathodic protection, the OCP of steel potential is
measured against the Standard Saturated Calomel Electrode (SCE)
as per the standard test procedure. The CP experiment was continued
and the periodical data was collected over a period of 250days. At
the end every tenth day the following data were collected and
recorded.

1. Potential of steel rebar using pre calibrated SCE

2. Polarized potential (potential shift) of steel during CP

3. Galvanic current flow

4. Concrete resistivity

The polarisation shift was measured by disconnecting the anode and
rebar terminals the potential decay is measured for a period of
250days. The galvanic current densities are calculated by measuring
the current flowing across the resistor. The concrete resistivity is
measured using the four probe resistivity method. Cathodic
protection criteria were evaluated using gravimetric weightloss
methods.

3. Results and Discussion

Figure 1. Represents the potential- time behaviour of steel embedded
in concrete slab in chloride free and chloride contaminated concretes
labs over a period of 250 days of exposure. It is observed that
initially the potential of steel is less negative and then moves
towards more negative values. In the case of chloride free concrete
slabs, the potential of steel is measured as -175mV Vs.SCE at the
end of 250 days of exposure. As per the ASTM standard the steel
rebars are in passive condition because of high alkalinity of concrete
around the steel. Similarly in the case In the case of chloride
contaminated concrete slabs, the potential of steel is measured as -
350 mV at the end of 250 days of exposure, which represents the
steel rebars are in highly active condition due to the corrosion
acceleration by active chloride ions present in the concrete slabs.
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Fig. 1: Potential-time behaviour of embedded steel in concrete slab

Figure 2.Represents the concrete resistivity-time profile for concrete
slabs in chloride free and chloride contaminated concretes over a
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period of 250 days of exposure. It is observed that initially the
concrete resistivity is measured as low as 10K.Ohm.cm then it
increased to 50K.0Ohm.cm at the end of 250days of exposure for the
chloride free concrete slabs. Similarly in the case In the case of
chloride contaminated concrete slabs, the concrete resistivity is
measured as high as 25K.Ohm.cm. This trend is quite obvious
because of the increased conductivity (i.e. reduced resistivity) by the
chloride ions present in the concrete slabs. So the corrosion
probability is high in the low resistance concrete and hence the steel
rebars showed corroded condition.
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Fig. 2: Concrete resistivity-time profile for experimental specimen

Figure 3.Shows the polarisation shift-time profile for steel
embedded in chloride free concrete and chloride contaminated
concrete over a period of 250days of exposure. It can be seen that in
all over the region, the potential of steel has got shifted in the
cathodic direction and the polarised potential is measured as 350mV.
This is attributed to the cathodic protection, which has shifted the
potential of steel by about 200mV (OCP is -125mV) in the chloride
free concrete slab. Similarly in the case of chloride contaminated
concrete, the polarised potential is measured as 400mV, which shifts
the steel potential to 300mV. According to the CP criterion
evaluated by the famous author Takawaka, the 100 mV is necessary
for the protection of steel rebars embedded in chloride free concrete.
So the potential shift is higher than the recommended criteria,
exhibits effective performance of galvanic protection using ribbon
type zinc anode [21].
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g. 3: Potential shift-time profile for galvanically protected concrete slab

Figure 4.Shows the galvanic current flow-time profile on chloride
free concrete over a period of 250days of exposure. It is observed
that initially a higher galvanic current density of 1200mA/m? is found
to flow and it is stabilised as 50mA/m? at the end 250 days of
exposure. Normally 10mA/m? is a recommended current density for
the protection of steel rebars embedded in chloride free concrete.
Further it is observed that initially a higher galvanic current density
of 150mA/m? is found to flow and it is stabilised as 75mA/m? at the
end 250 days of exposure as in the case of chloride contaminated
concrete slab. The higher galvanic current is due to the increased
conductivity by the chloride ions present in the concrete slabs.

3.1 Analysis of CP Criterion for Cathodic Protection of
Steel in Concrete

Figure 4 & 5 Shows the results of evaluation of CP criterion for
cathodic protection of steel embedded in concrete slabs in chloride
contaminated as well as chloride free concrete slabs over a period of
250 days of exposure. It can be seen that a negligible corrosion rates
(metal loss) are obtained when the potential shift is found in the
range of 100 to 150mV in the chloride free concrete. Hence the 100
to 150mV is evidenced for the CP criteria for steel rebars embedded
in chloride free concretes. Similarly in the case of chloride
contaminated concrete, negligible corrosion rates are obtained when
the potential shift is found in the range of 150 to 200mV evidenced
for the CP criteria for steel rebars embedded in chloride
contaminated concretes[22]. This experimental criteria are found
well agree with the standard potential shift recommended for
effective protection of embedded steel. Obviously, the recommended
potential criteria are necessary for maintaining the passive state of
the steel rebar in both the condition.
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Fig. 4: Evaluation of CP criterion for cathodic protection of steel in chloride
contaminated concrete slab



336 International Journal of Engineering & Technology
1 [6] Glass GK, Analysis of data on Reinforced Concrete Cathodic
i i Protection System’, Material Performance, Vol.35, No. 3, 1996,
.. 09 . ¢ Gravimetricloss 0p.20.35,
= 0.8 * [7] Eons D.G., Williams A.J and Scrully J.R, Long-term effect of
= ' Cathodic protection on pre-stressed concrete Structures-Hydrogen
:' 0.7 Embrittlement of Prestressing Steel” Corrosion Journal, Vol.53, No.
w 11, 1997, pp.891-908.
2 0.6 [8] Hassanein A.M., Glass G.K and Buenfeld N.R., Effect of Intermittent
= 05 Cathodic Protection on Chloride and Hydroxyl ion concentration
Bh ’ Profiles in reinforced concrete’ British Corrosion Journal, Vol. 34,
‘s 0.4 No.4,1999, pp254-261.
= [9] Robert Brown P and John Tinnea S. Cathodic Protection design
< 03 Problems for Reinforced concrete’, Materials Performance, Vol.30,
JE 0.2 %% No.8, 1991, pp 28-31.
= [10] Sagues and Krane S.C., Determination of Polarisation Diagrams of
i 0.1 M‘—’—’— Reinforcing Steel in Concrete’ Corrosion, Vol.48, 1992, No.8, pp.624-
= 633.
('5' 0 [11] De Rincon OT, De Romero D.M et al., Corrosion Monitoring of Steel
0 50 100 150 200 reinforcement bars in concrete environment, journal of Material

Protection potential, mV

Fig. 5: Evaluation of CP criterion for cathodic protection of steel in
chloride free concrete slab

4. Conclusion

The following conclusions can be drawn from the present
investigations:

The use of ribbon type zinc sacrificial anode with ion conductive
polymer backfill is able to ensure the effective cathodic protection of
steel rebars in concrete over a period of time. The newly developed
ion conductive polymer backfill is able to perform an effective
electrochemical interface in cathodic protection of steel in concrete
over the period of study.
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