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Concrete is a porous material and the ingress of water, oxygen, and aggressive ions, such as chlorides, can cause the passive layer
on reinforced steel to break down. Additives, such as fly ash, microsilica, rice husk ash, and cane sugar bagasse ash, have a size
breakdown that allows the reduction of concrete pore size and, consequently, may reduce the corrosion process. The objective of
this work is to determine the corrosion rate of steel in reinforced concrete by the addition of 20% sugar cane bagasse ash by weight
of cement. Six prismatic specimens (7 X 7 X 10 cm) with an embedded steel rod were prepared. Three contained 20% sugar cane
bagasse ash by weight of cement and the other three did not. All specimens were placed in a 3.5% NaCl solution and the corrosion
rate was determined using polarization resistance. The results showed that reinforced concrete containing sugar cane bagasse ash

has the lowest corrosion rates in comparison to reinforced concrete without the additive.

1. Introduction

Corrosion is the loss of material and occurs when metals
are exposed to the environment. This is the result of the
interaction between chemical and biological agents [1].
Corrosion of reinforced steel has two principal problems that
affect the service life of concrete reinforced structures [2].

(a) Metal lost in the reinforced steel rods reduces the
mechanical properties of the structure.

(b) Corrosion products occupy a higher volume than the
base metal that produces internal stresses, which may
cause the concrete to crack.

Degradation of concrete structures by corrosion pro-
cesses is a serious problem and has major economic impli-
cations [3].

In service conditions, the concrete covering the steel bars
gives physical and chemical protection to the reinforcement.

The concrete cover provides an alkaline environment sur-
rounding the steel, resulting in the formation of an oxide
layer, called a passive film, which protects the steel from
corrosion. However, the passive layer does not provide a
perfect and permanent barrier in aggressive environments
containing initiators of corrosion (primarily aggressive ions
like sulphates and chlorides, humidity, carbon dioxide,
and oxygen) [4]. These factors, together with inadequate
construction practices in difficult environmental conditions,
lead to corrosion of the reinforcing steel. Carbon dioxide can
cause corrosion primarily by reducing the pH of the concrete.
Once the alkaline environment is destroyed, the protective
layer of oxide on the steel surface is destroyed and corrosion
may start. Reinforced concrete structures are exposed to
severe environments but often are expected to continue with
little or no repair or maintenance for long periods of time.
Therefore, reinforced concrete structures need to be durable.
One of the main forms of attack from the environment is
the ingress of chloride ions, which leads to corrosion of steel



International Journal of Corrosion

F1Gure 1: Experimental setup.

reinforcement and subsequent reduction in the resistance,
utility, and esthetics of the structure [5]. Chlorides can come
from several sources. They can be introduced into concrete
during batching or can be introduced from the environment
during service. Chlorides can be introduced by [6]

(a) the deliberate addition of chlorides in additives and
use of seawater or contaminated aggregates in the
mixture,

(b) saline mist and seawater, which moistens directly,

(c) deicing salts.

Mineral additives are commonly used in many appli-
cations ranging from high performance concrete bridges,
buildings and on-shore and off-shore structures. Well-
known mineral additives are silica fume, rice husk ash, and
fly ash. The addition of these products in the production of
concrete has positive environmental effects, while minimiz-
ing problems associated with its disposal [7].

Sugar cane bagasse is the by-product of sugar pro-
duction. Fresh bagasse contains 40% water and often is
used as fuel in the sugar factories. Sugar cane fiber has a
particular significance because it is a combustible material
for the sugar industry and is a valuable raw material for
paper, artificial wood, and others [8]. When this waste is
burned in controlled conditions, the generated ash contains
amorphous silica, which has pozzolanic properties [9]. Ash
from bagasse sugar cane is one of the main waste products
generated worldwide and can be used as a mineral additive,
mainly due to its high content of silica (5i0,). Adding sugar
cane bagasse ash (SCBA) as a replacement for cement may
provide additional enhancements in resistance to chloride
ion penetration and waterproofing properties. Thus, tests
were conducted to determine whether SCBA can be used
as an effective mineral additive for concrete reinforced
structures [10].

2. Experimental Procedure

2.1. Materials. The materials used were portland cement
(CPC-30R), river sand with a fineness modulus of 2.59,
triturate river coarse aggregate with a maximum size of 3/4",
and water. The sugar cane bagasse ash (SCBA) used in the

present study was obtained from a local sugar factory in Los
Mochis, Sinaloa, México. The ash was obtained from burning
the bagasse at 650°C for one hour.

2.2. Thermogravimetric Analysis (TGA). The burn temper-
ature of cane sugar bagasse required to obtain ash with
amorphous SiO, was determined using TGA. The equipment
employed was TA Instruments SIMULTANEOUS DTA-TGA
STD 2.960 with a temperature scan rate of 10°C/min in a
static atmosphere.

2.3. X-Ray Diffraction. After burning the bagasse, the ash
was powdered and examined in an X-ray PANalytical Mod.
X’Pert Pro.

2.4. Concrete Specimens. Four prismatic concrete specimens
with dimensions of 100 X 70 X 70 mm were constructed with
a single 12 cm long 1018 steel rebar (0.9525 mm diameter)
embedded in the concrete. In order to confine the exposed
area of the steel, the rebar was partially coated with a
noncorrosive paint, leaving an exposed length of 5cm. The
concrete was made with water to cement ratio of 0.60. Two
specimens were made by replacing 20% by weight of the
cement with sugar cane bagasse ash, and the remaining did
not contain sugar cane bagasse ash. The specimens were
cured by immersing in water for 28 days. After the curing
period, the specimens were exposed to a solution of 3.5% by
weight of sodium chloride.

Three 100 mm diameter by 200 mm long concrete cylin-
ders with and without the addition of 20% bagasse cane ash
were cast for the compressive strength tests.

In order to accelerate chloride ingress, the specimens
were cyclically exposed to the sodium chloride solution by
a 3-day partial immersion in a 3.5% weight NaCl solution
followed by 4 days of drying.

2.5. Linear Polarization Resistance. The linear polarization
resistance was determined with an ACM Instruments one-
channel galvanostat/potentiostat GILL A.C. A standard
calomel electrode (SCE) was used as the reference electrode,
the rebar was the working electrode, and a stainless steel
plate placed around the specimen was the counter electrode
(Figure 1).
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TasLE 1: Corrosion probability.

Eorr versus SCE (mV) Corrosion probability

>—125 10% probability
—125to —275 Uncertain zone
<-275 90% probability

TABLE 2: I o, in terms of corrosion level.

Loorr (HA/cm?) Corrosion level

<0.1 Negligible
0.1-0.5 Low
0.5-1 Moderate
>1 High

The sweep potential was +20 mV with respect to the cor-
rosion potential and the sweep rate was 10 mV/minute.
The IR drop potential was considered. This monitoring was
conducted weekly with specimens immersed in the sodium
chloride solution. Figure 2 shows the experimental setup.
The results were analyzed using “Analysis” of ACM version
4[11].

The corrosion current density (I.ory) and corrosion rate
(CR) were estimated from resistance to charge transference
(Ret) using:

B
Corrosion Current Density (Iorr) = R— (uA/cm?), (1)
ct

Corrosion rate (CR) = Ior (#A/cm?) * 0.011 [=] mmpy,
(2)

where B is Stern-Geary constant (B = 26 mV for uniform
corrosion) [12].

There are several techniques to determine the degree of
deterioration of concrete structures. One is to determine
the corrosion potential (Eco) in accordance with ASTM-C-
876, which establishes criteria that relate the potential with
corrosion probability, as shown in Table 1 [13].

From the corrosion current density values (Icorr),
obtained using (1), it is possible to determine the corrosion
severity using the values shown in Table 2 [14].

3. Results and Discussion

Figure 2 shows the results of the thermogravimetric analysis
(TGA). The thermograph shows that around 550°C there is
no further decrease in weight. At this temperature, all of the
sugar cane bagasse completely burned, but this is with a small
sample of bagasse cane. With a greater amount of bagasse
ash, it was necessary to burn at a higher temperature. For
this reason, the sugar cane bagasse was burned at 650°C for
one hour to obtain the ash for this study.

Figure 3 shows the X-ray powder diffraction pattern
of SCBA burned at 650°C. The characteristic wide hump
(between 20 = 20 and 20 = 35) and the peak of
quartz show the presence of an amorphous phase, which is
important to confirm because amorphous SiO, contributes
to the pozzolanic properties. The ash pozzolanic reaction
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FIGURE 3: X-ray diffractogram of SCBA burned at 650°C.

decreases the pore size in the concrete, which restricts entry
of aggressive ions.

Figure 4 shows the corrosion potential (Ecor) results
obtained from linear polarization resistance scans of the six
specimens. The corrosion potentials ranged between —100
and —550mV. The specimens with SCBA (Bagasse 1 and
2) present smaller probability of corrosion compared with
specimens without the additive (Normal 1 and 2). The
horizontal dotted line represents the limit between regions
of probability of corrosion as given in Table 1. During the
first 15 days of exposure, the values are in the uncertain zone.
Gradually, the normal concretes (without SCBA additive)
became more negative to values in the 90% of corrosion
probability. However, the concretes with SCBA continued
in the uncertain zone, in the uncertain zone, after 63 days
of cyclical exposure a great difference in the corrosion
potential is observed between the specimens with and
without SCBA. The normal concrete specimens have started
to corrode.0020The specimens with SCBA show the smaller
corrosion potential, which is probably due to SCBA reacting
with calcium hydroxide (produced during the hydration of
portland cement), and thenhydrated compounds formed
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during the pozzolanic reactions fills the pores of the concrete
[15], restricting aggressive ions from reaching the steel rebar.

Figure 5 shows the corrosion current density (Icorr)
results. Ioo;r anged between 0.1 and 1.0 uA/cm?. During the
first 50 days, I.o;r were from less than 0.1 yA/cm? for the
concrete with SCBA. According to Table 2, the corrosion
level is negligible. For normal concretes (without SCBA), Icorr
values ranged between 0.1 yA/cm? and 0.5 yA/cm? for the
first 50 days indicating that corrosion was low. However, after
50 days, Icorr gradually increased for the specimens without
SCBA and is in the high corrosion level but the concrete with
SCBA is still in the low corrosion level.

Figure 6 shows the corrosion rate results. At the begin-
ning of the exposure, both types of specimens had similar
results, but after day 50, the corrosion rate of the normal
concrete without SCBA gradually increased. The specimens
with SCBA showed lower corrosion rates. This behavior was
due to the pozzolanic properties of SCBA that decreased
the size of the concrete pores, which restricts the ingress of
chloride ions.

4. Findings and Conclusions

(1) A temperature of 650°C was sufficient to obtain sugar
cane bagasse ash with amorphous SiO;.
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FiGure 6: Corrosion rate of specimens.

(2) The specimens with SCBA indicated lower corrosion
potential values, which corresponded to a low corro-
sion probability.

(3) The specimens with negligible to moderate corrosion
level were the specimens with sugar cane bagasse ash
added to the concrete mix.

(4) The use of sugar cane bagasse ash as a partial replace-
ment of cement has a beneficial effect to protect the
steel rebar from corrosion because it reduced the pore
size in the cement paste, which minimized the ingress
of aggressive ions into concrete. Concrete containing
SCBA had a lower corrosion rate when compared to
concrete without the addition of SCBA.
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