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ABSTRACT

Repairs and rehabilitation of concrete structures is one of the most challenging job
engineering fratermity faces today all over the world. Corrosion of reinforcing steel has
been identified as the single largest factor responsible for deterioration of reinforced
concrele Sstructures,

Effective procedures employed in the past to combat reinforcement cormosion have
required either extensive culting oul and replacement of contaminated concrete at the
level of embedded steel and treating the same with conventional protective measures or
the use of electrochemical measures such as cathodic protection. Altematively corrosion
inhibitors either contact or volatile type have been used over the past decade. This paper
presenis the experimental work camied oul to identify effective volatile corrosion
inhibitors as an admixture in repair mortar adopting to Indian tropical conditions.

INTRODUCTION

Reinforcing bar in sound concrete is normally protected from comosion by a passive film,
which is stabilized by the alkaline pore electrolyie phase of the hardened cement paste.
This passive film serves as a barrier to metal dissolution. Once this passive film breaks
down due to reduction in alkalimity, which is either because of carbonation or chloride
ion penetration, the process of corrosion begins al rapid pace. Since the volume of
cormosion product is normally several times greater than the original metal, the associated
stresses in the concrete can lead to cracking and spalling.
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India has more than 6000 km of coastling and this problem is very commaon in all the RC
structures. The problem is more severe due to tropical climate, which facilitates easy
penetration of chloride ions due to wide variations in day and night temperature.

The traditional approach of removing eracked and contaminated concrete, cleaning the
exposed steel and repatching with a repair mortar can be time consuming and expensive
if it is to be camied out thoroughly enough for long term effectiveness. Altematively
electrochemical methods such as impressed current cathodic protection, realkalization etc
are capable of amesting comrosion in contaminated concrete but they depend on
availability of an anode system and long term monitoring of the installations.

An economical and simple altemative is the use of corrosion inhibitors, which can be
either surface applied or used as an admixture in repair mortar. Though several volatile
and contact inhibitors are reported to be useful 2s an admixture in repair mortar to
provide for long term durability, data on their effectiveness in tropical climatic conditions
15 scani.

In this paper the rescarch work undertaken to develop volatile corrosion inhibitor as &n
admixture to repair moriar is reported and its suitability of application in tropical climate
is studied.

EXPERIMENTAL WORK

Experimental studies were undertaken in three stages,

Stage I Development of suitable volatile corrosion inhibiting admixture using
potentiodynamic technique. Reagents used - Amines salts with benzoic
acid and carbonic acid.

Siage I Effect of the chosen inhibiting admixture on the physical and mechanical
properties of repair mortar in normal conditions and after thermal cycles.

Stage T Corrosion studies on repair mortar by potentiodynamic method at ambient
temperature and after thermal cycles.

Stage Development of suitable volatile corrosion inhibiting admixture by
potentiodymanic studies in 3.5% NaCl solution.

The experiments were camied out using three electrode system with mild
steel as working electrode and graphite with 10 times more arca as counter
electrode. The reference electrode was saturated calomel electrode, All the
experiments were caried out at ambient temperature (~30°C) with
constant stirring in 3.5% NaCl solution. In some experiments the solution
was saturated with lime.

The working electrode was polished to B00 grit, washed thoroughly with

water and distlled waier, It was then cleaned with aleohol and conditioned
in the electrol yie for a minimum of 30 min.
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Vanous combinations of the inhibitors were tried and cormosion current
densily iy was found out by extrapolation of the Tafel slope from the
region of 100 (o 200 mV overvoltage from Ee value’. At times it was
difficult 1o draw the anodic slope. In such cases the corrosion current
density was found out by the intersection of cathodic slope with line for
Ecor value. The experiments were carried out with a locally available
potentiostat (Autopro-Model No. EI 2200)

The studies were carmied out with the two types of volatile inhibitors, i.e
carbonate based and benzoate based, together with the addition of polymer
resin additives and the other adsorption type inhibitors. Strength of the
inhibitor was maintained constant in all the experiment i.e 1% which is
nommally recommended for mixing with morar. The results of the
potentiodynamic experiments and measurements of  ion are shown in
Table 1.

It was hence found that composition 8 compnsing of volatile inhibitor as well as
adsorption inhibitor and the polymer additive gave the cormrosion current density, which is
about 5 times less. In view of better performance amongst all combinations this particular
composition 8 was used as admixture in concrete for further studies.

Stage II Effect of the chosen inhibiting admixture on the physical &
mechanical properties of repair mortar in normal conditions and
after thermal cycles.

It was necessary to find out if the corrosion inhibitor when used as an
admixture has any adverse effect onm the physical and mechanical
properties of the concrete, such as setting, workability and compressive
strength. It was also important to see its performance when ambient
temperature is high, as is the case in tropical countries. In order to
ascertain this, the test specimens were subjected to the thermal cycles,
after curing for 28 days. Each cycle consisted of heating at 60°C for six
hours followed by holding at room temperature (~30°C) for 18 hours.
Each test specimens was subjected to 90 thermal cycles and then tested for
the same properties. At least three test specimens were used for cach set of
experimental conditions and the results shown are the average of three
values obtained from each set. The results of the mechanical and physical
properties of the plain and admixtured concrete before and after thermal
cyches are shown in Table 2.

From Table 2 it can be seen that the chosen admixture does not have any adverse effect
on setting time and workability. The repair mortar with admixture appeared more
cohesive dunin nu:m and the cmﬂp-lﬂsl'l.ﬂ: strenglh out load showed marginal
improvemnent fﬁ to 7T } Even after 90 thermal cycles lhpm-: was almost no change in
mechanical strength for both RMP and RMA samples.
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Stage IT1

Corrosion studies by potentiodynamic method at ambient
temperature and after thermal cycles.

Specimen preparation: Cylindrical concrete specimens of 4 cm diameter
and & cm long were cast with high vield strength deformed steel bar
(HYSD) of 8mm diameter embedded centrally ensuring 16 mm cover
from all sides and bottom. Three specimens were cast for each mix and the
average was taken.

Electrochemical Studies: Al the top, the protruding bar was protected
with coating except where DC voltage was connected. Each test specimen
was immersed in the saline media (3.5 percent NaCl solution) and
connected to the positive terminal of the rectifier. The salt solution was
changed periodically when the change in colour was significant. Each
specimen was surrounded by stainless steel wire mesh, the cathode and
connected to —ve pole of a rectifier. Due to transport of anions through the
concrete, corrosion of deformed bar took place, reducing the bond
between sieel and concrete. Since the applied potential of 3.0 V was
constant, decreasing [R drop resulted in increasing the comrosion rate. An
ammeter in series measured the current for each corrosion cell. Three
samples of ecach specimen were connected in senies. The corrosion
potential against copper / copper sulphate electrode was measured in the
standard manner as described in ASTM'. From the above measurement of
total current and duration the number of coulombs was calculated. Same
number of specimens are given the thermal cycles and then connected in
the circuit.

Bond Test (pull-out method): Evaluation of pull-out force is the most
important part of corrosion study. As the comrosion advances the bond
between rebar and concrete is significantly affected reducing the pull-out
force. Hence to evaluate corrosion, corroded specimens wene subjected to
pull-out test to assess bond strength.

RESULTS AND DISCUSSION

Corrosion of embedded steel in concrete is guided by the formation of
potential  difference between cathodic and anodic sites, which 15
responsible for the development of comosion curmrent. Although the
corrosion current gives the corrosion rate, the extent of corrosion has to be
mieasured in terms of number of coulombs. In the stage 1T studies, tesis
were carried out on fresh and hardened repair mortar to find out any
deleterions effect of corrosion inhibiting admixture, Further Stage I
studies comprised of electrochemical tests to assess their effectiveness in
cormosion protection.
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Effect on Fresh and Hardened Repair Mortar: It is evident from result
tabulated in Table 2 that corrosion inhibitor admixture does not cause any
changes in fresh and hardened state with respect to mechanical strength
characteristics. Even after 90 thermal cyeles no changes were observed.

Bond Strength: Bond strength between reinforcement and concrele
interface is the single most vital factor for the reliable performance of
reinforced concrete. Due 1o corrosion of rebar, bond strength is affected
most and hence performance of reinforced concrete. From Table 3, the
bond strength of plain specimens (RMP) was reduced to 10 — 15 % of
original strength after accelerated corrosion test, indicating bond failure.
In the admixtured mortar (RMA) upto 80% of bond strength remained
intact. Even after 90 thermal cycles there was no reduction in bond
strength as compared to normally cured specimens.

Corrosion: The current was measured at regular intervals and the
cumulative number of coulombs consumed was calculated for both normal
cured & thermal cycled specimens. The half-cells potentials were
measured at the interval of 150 hours. In accordance with ASTM' the
potential of -780 mV against CSE was considered as the criterion for total
failure. The results tabulated in Table 3 clearly indicate that number of
coulombs consumed by admixtured RMA specimens were about 50 % as
compared to plain RMP. Even after 90 thermal cycles similar trend of upto
53% reduction was noted.

CONCLUSIONS

Though all the volatile inhibitors under study have shown reduction in
comosion current, the one having best results and compatible with polymer
additive and concrete was chosen for further studies.

The incorporation of corrosion inhibitor, ie. amine salts of benzoic and
carbonic acid, into repair mortar does not impair physical and mechanical
propertics. On the other hand repair mortar becomes more cohesive and
marginal improvement in both compressive and bond strength was noted.
Electrochemical studies reveal significant advantages with the admixture as
geen in the reduction of number of coulombs and substantial improvement of
bond strength compared to plain specimens.

The important finding is the effectiveness of volatile comosion inhibitor even
at elevated temperature of 60°C. In tropical countries like India where
temperature in summer varies between 40°C to 48°C in most parts, the data
generated would be very useful.
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Table 2: Results of physical & mechanical properties.
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