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The aim of this study is to investigate the corrosion performance of reinforcement steels coated with a coating containing wheat
straw, sunﬂower stalk, and corn stalk ashes and moreover to discuss the eﬀect of the coating on the concrete durability. By
replacing calcite with diﬀerent amounts of these organic ashes in the dye production, innovative corrosion inhibitive coating types
were introduced. These coating types have been applied both on the reinforcement steels and concrete surface. In order to
understand the eﬀects of the coating types produced with these organic ashes, the steel bars coated with them containing 6% of the
organic ashes as ﬁne aggregate were embedded into concrete samples. The samples were cured both in tap water and 3.5% NaCl
solution for 180 days, and the mass losses of the steel bars were determined. Also, the inhibition eﬃciency of the coating was
determined by using the galvanic cell method and accelerated corrosion tests. Furthermore, mass loss, compressive strength,
abrasion resistance, freeze-thaw property, and capillary water permeability of the reinforced concrete samples with the produced
coating were investigated. Test results showed that the minimum mass loss ratio in reinforcement was observed as 0.185% in
samples coated with all three organic ash-added mixes. Also, for the same samples compressive strength loss was the lowest as
14%. As a result, the durability of concrete and the corrosion resistance of steel bars improve with the addition of wheat straw,
sunﬂower stalk, and corn stalk ashes into the coating and they could be used as environment-friendly corrosion inhibitors.

1. Introduction
The durability of concrete can be deﬁned as the ability to
maintain its strength and other properties during its service
life without being negatively aﬀected by its components and
certain environmental conditions. Because of the external
factors in diﬀerent environmental conditions during its
service life, concrete deteriorates and loses its properties.
Then, it is evaluated as having completed its service life, and
its usage would not be economically feasible anymore [1].
Permeability of water into concrete causes crack formation
due to its expansion when it freezes, and this in turn causes
corrosion when it reaches reinforcements. This process in
addition to abrasion enhances the weakness in the durability
of the reinforced concrete. Therefore, in order to reduce the
permeability of concrete, the capillary porosity should be
reduced as much as possible. Reducing water/cement ratio
using less porous aggregate and mineral additives are some

of the solutions to decrease the porosity of concrete. As a
result, physical and chemical eﬀects induce concrete
cracking which increases the permeability. In addition to
other durability problems, the increase in the permeability of
concrete also initiates and accelerates the corrosion of reinforcement steel [2].
Corrosion is the material deterioration and material loss
caused by the electrochemical eﬀect of the environment
[3, 4]. Soft steels which are used as reinforcement in concrete
are not resistant to corrosion in atmospheric and aqueous
environments. However, the reinforcements in concrete
resist corrosion for a long time. The electrical conductivity of
concrete is rather low when it is dry. Hence, it acts as an
electrolyte with high electrical resistance. Consequently,
reinforcement steels in a normal concrete would not be
exposed to corrosion [5]. Steel bars in concrete are exposed
to corrosion in a similar way as in aqueous solutions. The
iron in anode region is ionized. Iron ions are precipitated as
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iron hydroxide in an alkaline medium [6]. Since the pH level
of concrete is high, there would be no hydrogen egression
from the cathode. Cathode reaction can only proceed with
oxygen reduction. Oxygen and water are needed for the
corrosion of reinforcement steel. In other words, steel reinforcement would not be subjected to corrosion in dry
concrete. The most severe corrosion is observed in concrete
that is moistened and dried periodically [7].
For justifying the methodology to measure the performance of reinforced concrete, the bonding between concrete
and steel is the most relevant property. The mass loss of
reinforced concrete does not only involve a decrease in the
cross-sectional area of reinforcements due to corrosion but
the more important thing is that the bond between the steel
and concrete is weakened by the corrosion taking place
between the concrete and uncorroded section of the steel.
Consequently, in order to evaluate the performance of
reinforced concrete subjected to corrosion, changes in the
bond properties have been investigated [8, 9]. Studies have
shown that when the bond between the reinforcement and
surrounding concrete is decreased due to the mass loss of
reinforcement caused by corrosion, the widths of the corrosion-induced cracks are increased. Therefore, in order to
assess the impact of corrosion on the bond strength, the
models based on the width of corrosion-induced cracks have
been developed [10, 11].
Recently, it has been claimed that the use of mineral
admixtures in concrete can reduce the corrosion of reinforcements. It has been conﬁrmed in many studies that
mineral admixtures, especially ﬁnely ground pumice and
silica fume, hinder the corrosion of reinforcements [12–25].
There are many studies about the corrosion prevention of
reinforcement steel. In the selection of corrosion prevention
methods, the basic parameter is the atmospheric conditions.
Although there are many methods to prevent corrosion, the
most common way of increasing corrosion resistance is
painting or coating the reinforcement [26–30]. In this respect, using organic coatings is one of the most eﬀective
applications for corrosion inhibition [31]. Due to environmental issues, there is a tendency to use new organic coating
materials [32–35]. The purpose underlying all of these
studies is to produce impermeable concrete and investigate
the corrosion resistance of reinforcements with organic ashbased coating. However, there is still a need for further
investigations on the development of novel environmentfriendly, organic coating materials to prevent reinforcement
steel from corrosion.
In the literature, investigations about the performance of
organic coatings containing agricultural wastes are very
limited [36, 37]. Hence, in order to fulﬁll this need, the
present study aims to propose the use of wheat straw,
sunﬂower stalk, and corn stalk ashes in reinforcement
coating. Towards this end, the corrosion performance of
reinforcement steels with coating containing these agricultural wastes was investigated. The coating materials
containing these organic ashes were produced in the laboratory. After coating the reinforcements with those materials, the corrosion rates were examined. Additionally,
concrete samples were coated with the same materials, and
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their durability properties were investigated. The eﬀect of
coating materials on concrete-reinforcement adherence was
also tested by adherence tests, and it was observed that there
was no signiﬁcant diﬀerence in the adherence properties.
The results indicate that the agricultural wastes which are
proposed as additives for the coating in the present study
improve engineering properties and are appropriate to be
used as novel anticorrosive coating material.

2. Materials and Methods
2.1. Materials
2.1.1. Wheat Straw. Wheat straw is the main body of wheat
remaining after stalks and chaﬀs are removed. After the
crops are cut, the root of the stem which remains in the ﬁeld
is called straw. Wheat straws which are abundant and
burned by farmers in Turkey after the harvest time were
collected appropriately. Then, they were burned in a container closed to the atmosphere to provide full combustion
and cooled suddenly to obtain amorphous-structured ashes.
2.1.2. Sunﬂower Stalk. Sunﬂower is abundantly produced in
Turkey. Sunﬂower stalk is the agricultural waste left in the
ﬁeld after harvesting sunﬂower. These sunﬂower stems are
either burned or left in the ﬁeld to rot like other agricultural
wastes which is very harmful to the environment and
ecosystem. Nowadays, increasing environmental concerns
have led researchers to consider using this type of agricultural waste for food and nonfood purposes [38]. By
transforming these materials into high-value products, their
harms to the environment will be eliminated. Moreover, it
will help the farmers to attain additional income by oﬀering
new jobs in rural areas.
2.1.3. Corn Stalk Ash. Corn is grown in almost every region
in Turkey. In recent studies, by using corn stalks as agricultural wastes, insulation materials commensurate with the
standards were produced [39]. With these studies, the people
of the region beneﬁt from the wastes, both in terms of mass
production and employment, and also a contribution to the
national economy is made. After the corn stalks were taken
from the ﬁeld, they were burned in an appropriate environment and temperature.
The chemical components of cement, wheat straw,
sunﬂower stalk, and corn stalk ashes used in this study are
given in Table 1.
2.1.4. Aggregate. The crushed stone aggregate used in this
study is the same as that used in the production of the readymixed concrete in the city. The granulometric distribution of
the aggregate used in the experiments is given in Figure 1.
The aggregates used in this study were subjected to Los
Angeles abrasion test according to TS EN 1097-2 [40]. The
abrasion amounts are 37% for 5–10 mm and 25% for 10–
32 mm. Density and water absorption capacity of the aggregates were determined commensurating with TS EN 3526
[41]. These measurements were made using the pycnometer
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Table 1: Chemical components of the cement and organic ashes (% by weight).
Organic ashes and cement
Cement
Wheat straw ash
Corn stalk ash
Sunﬂower stalk ash

SiO2
24.7
24.3
37.4
39.4

Al2O3
6.5
9.2
6.1
4.4

Fe2O3
3.8
8.9
5.3
5.1

CaO
51.1
31.4
23.1
17.1

MgO
1.6
4.6
6.0
7.3

K2O
—
7.8
7.1
9.3

Na2O
—
1.3
2.5
3.5

SO3
2.9
6.9
4.5
6.3

Loss on ignition
7.3
6.3
7.4
7.4

Total
99.9
99.7
99.4
99.8

Percentage passing (%)
100
90
80
70
60
50
40
30
20
10
0
0

4

8

12

16
20
Sieve diameter (mm)

Lower limit
Intermediate

24

28

32

Upper limit
Crashed stone

Figure 1: The granulometric distribution.

method for sand and Archimedes’ scale method for coarse
gravel on randomly collected samples. The density of the
used crushed stone aggregate was found as 2.71 kg/dm3.
2.1.5. Cement. In this study, CEM I 42,5R was used, and its
chemical and physical properties are given in Tables 1 and 2,
respectively.
2.1.6. Reinforcement Steel. Ribbed S420 grade reinforcement
steel bars with 2 × 105 MPa elasticity modulus, 14 mm diameter, and 60 mm length were used in the experiments.
2.1.7. Coating Components. Coating recipes and raw materials taken from a dye factory were used in the preparation
of the coatings. The components used in the production of
coatings were bioxide as thickener and viscosity enhancing
material, calgon to resist water hardness, foam inhibitor as
an antifoaming agent, ammonia as pH regulator, titanium as
coloring pigment, and calcite and talc as ﬁllers. The weights
and ratios of the components of the coatings are given in
Table 3.

Table 2: Physical properties of the cement.
Cement
type

Density
(kg/
cm3)

Speciﬁc
surface
(cm2/g)

CEM I
42,5R

3.11

3230

Retained on Retained on
200
90 μ sieve
μ sieve (%)
(%)
0

2.8

Table 3: The weights and ratios of the coating components.
Material
Calcite (25 micron)
Water
Peva
Titanium
Talc
Aluminum silicate
Thinner
Natrason
Glycol
Ammonia
Calgon
Toxin
Wetting agent
Total

Weight (g)
9400
4200
2800
2600
400
250
100
70
50
40
30
30
30
20000

Percent (%)
22.00
21.00
14.00
13.00
2.00
1.25
0.50
0.35
0.25
0.20
0.15
0.15
0.15
100

2.2. Method
2.2.1. The Process of Obtaining Ashes. Wheat straws, sunﬂower stalks, and corn stalks were collected from the ﬁeld
and dried, and after being burned at 600°C for 1 hour, they
were left to cool for 1 hour. Having been burnt at such a high
temperature, the ashes were not homogeneous in size.
Hence, they were ground in the crusher until the grain size
was less than 1 mm. Resulting ashes were sieved with a 1 mm
diameter sieve.

2.2.2. Preparation of the Concrete Mixture. In this study,
C25 concrete was used, and the mixtures were prepared
according to TS EN 802 [42]. In the mixtures, water/cement
ratio was taken as 0.5. In the preparation of concrete
samples, 6%, 3%, and 2% of each kind of organic ash were
used instead of ﬁne aggregate for single, double, and triple
combinations, respectively. Material amounts in the mixtures are presented in Table 4.
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Table 4: Component amounts in the concrete mixtures.

Reference sample Samples with organic ash
(kg)
(kg)
Water
215
220
Cement
400
400
Organic ash
—
40
Sand
660
620
Coarse aggregate
1100
1100
Materials

2.2.3. Production of Coatings and Preparation of the
Reinforcements. Recipes and raw materials used in the
preparation of the coatings were taken from a paint factory.
In mixing process, a concrete mixer with high mixing cycles
(1000–1200 cycle/min) was used to obtain a homogeneous
mixture. During mixing, a plastic container was also used so
that the particles did not spill out of the concrete mixer.
9400 g of ﬁller material, calcite, given in Table 3, was reduced
to 5000 g, and the remaining 4400 g was set to be used as
given in Table 5. Ribbed S420 grade reinforcing steels were
cut and painted with these produced coatings for the experiments. Throughout this work, samples with reinforcements having no coating materials were named as
reference samples and designated as R. The other reinforcements coated with the mixes containing wheat straw,
sunﬂower stalk, and corn stalk ashes were designated as W,
S, and C, respectively.
2.2.4. Coating of the Reinforced Concrete Samples. Three
samples were prepared for each combination and coated
with the produced mixes. Before coating, samples were kept
in tap water and 3.5% NaCl solution for 180 days. This
sample preparation procedure was repeated for each test
carried out in the whole study.
For the preparation of the concrete samples,
100 × 100 × 100 mm cubic molds were greased and concrete
was poured in them in 2 layers. Each layer was compacted by
rodding 25 times and tapping the outside of the molds with a
mallet. After 24 h, the samples were demolded, coated with
mixes, and labelled.

3. Experimental Work
3.1. Corrosion Tests on the Coated Reinforcement Steels
3.1.1. Mass Loss Test. 4 steel bars of which the initial weights
were determined by an electronic precision balance were put
in each of the three concrete samples of all series with W, S,
and C. Then, they were placed into concrete samples using a
special cap. The cap was placed on the upper part of the
molds, and the steel bars were placed in the holes at all
corners of the concrete samples and embedded into the
concrete with the help of a hammer. After removing the
caps, the top surfaces of the concrete samples were levelled,
and in order to specify the location of each bar, labels
showing the numbers of the bars at the four corners of the
samples were attached. After 24 hours, the concrete samples
were demolded, and the numbers of the steel bars were
written near each one.

Table 5: Organic ash amounts in coatings.
Additive in the coating (g)
Sample codes
R
W
S
C
WS
WC
SC
WSC

Wheat straw ash Sunﬂower stalk ash
—
4400
—
—
2200
2200
—
1467

—
—
4400
—
2200
—
2200
1467

Corn stalk
ash
—
—
—
4400
—
2200
2200
1467

The reinforced concrete samples were kept in 3.5% NaCl
solution for 180 days, and at the end of this curing time, the
reinforcements were removed from the concrete. For removing the reinforcements from the concrete samples, the
samples were put in the compression testing machine to be
crushed. Then, the steel bars were removed by further
crushing and cleaning the concrete on them with a hammer.
Removed bars were cleaned by applying mechanical,
chemical, and heat processes. Steel bars that were found to
have no residues on the outer surfaces were dried thoroughly
and then weighed on the precision balance to record their
ﬁnal weights.

3.1.2. Galvanic Cell Method. The purpose of the galvanic
cell method is to sort the corrosion values of the steel bars
from big to small by forming a simple galvanic cell [43]. In
this method, two pieces of metals are immersed in an
electrolyte and get in contact with each other where an
electron exchange takes place by the created electric current. The sample which starts to corrode loses electrons.
Due to the diﬀerences in the internal structures of the two
metals, a potential diﬀerence is established between them
and one of the metals starts to behave like anode and the
other like cathode. If a voltmeter is connected between
these two metals, the potential diﬀerence is easily
measured. To achieve the foregoing procedure, 10 reinforcement steel bars each having a diameter of 10 mm
and a length of 100 mm were prepared. These reinforcements, except the reference sample, were coated
with the produced mixes and left to dry for 24 hours. After
the preparation of the steel bars, a 3.5% NaCl solution was
homogeneously mixed in a container to obtain an electrolyte liquid.
Two copper sheets were immersed in this electrolyte and
connected to a voltmeter in such a way that one of them was
the anode and the other, the cathode. The reference value 0
was read on the voltmeter due to the fact that two metals of
the same type were used. The NaCl solution prepared as the
electrolyte liquid was evenly divided into 8 separate plastic
containers, and the steel bars were put into these containers.
A copper sheet was placed next to each steel bar. Then, one
end of the voltmeter was connected to the steel bar and the
other to the copper sheet. The potential diﬀerence between
the two metals was read and recorded.
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3.1.3. Accelerated Corrosion Test. Accelerated corrosion
method was used to examine the corrosion performance of
the reinforcement steel inside the concrete. By taking three
samples from each series, totally 96 steel bars of 160 mm
length and 10 mm diameter were cut, and they were coated
with the mixes containing organic ashes except the reference
steel bars. They were left to dry for 24 hours. Then, the
100 × 100 × 100 mm molds were greased, and the mixture
was poured in 2 layers. Each layer was, then, compacted by
rodding 25 times and tapping the outside of the mold with a
mallet. The dried steel bars were placed in the middle of the
concrete with 10 mm concrete cover left from the bottom of
the concrete. After 24 hours, the samples were demolded and
cured for 28 days leaving the reinforcements outside the
water. For the experimental setup, a 3.5% NaCl solution was
homogeneously mixed and evenly distributed to plastic
containers. Two copper sheets, 100 mm long and 20 mm
wide, were placed in each container. These copper sheets
were connected to each other by a copper cable and connected to the negative pole of the power supply with direct
current capacity (opposite electrode). A steel bar embedded
in the middle of the concrete samples was placed in each
plastic container and connected to the positive pole of the
power supply by connecting the steel bars inside the concrete
samples to each other with a copper cable (running electrode). Thus, a circuit is formed in which the reinforcement
steel bars are the anode, the copper sheets are the cathode,
and NaCl solution is the electrolyte. 30 volts of constant
voltage was applied to the system. During the day, by
separating the direct current from the source 4 times, the
ﬂow rate of each experimental setup was recorded at each
time. At the same time, the formation of corrosion and
cracks in concrete were continuously checked, and the
progress was recorded.

3.2. Tests on the Coated Reinforced Concrete
3.2.1. Mass Loss of Concrete Samples Immersed in NaCl
Solution. The reinforced concrete samples were removed
from the NaCl solution, and the coating on the outer surfaces was cleaned with water. Cleaned samples were left in
the laboratory conditions for 24 hours, and then, put in an
oven to dry until their weights became constant. Then, they
were taken out of the oven and weighed, and their mass
losses were determined one by one.

3.2.2. Compressive Strengths of Concrete Samples. The compressive strengths of the concrete samples cured both in tap
water and NaCl solution were determined.
3.2.3. Abrasion Resistance of Concrete Samples. Abrasion
resistances of 28-day samples were determined according to
DIN 52108 [44] by Boehme method. In order to ﬁnd the
surface abrasion, 100 × 100 × 100 mm cubic samples were
produced, and on the 28th day, they were cut to obtain new
samples with 71 × 71 × 71 mm dimensions.
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3.2.4. Capillary Water Permeability of Concrete Samples.
Capillary water permeability rates of 28-day samples were
investigated according to TS 3455 [45]. The prepared concrete samples were cured for 28 days and then dried at 105°C
until constant weight was obtained, and the moisture inside
was completely removed. Then, the side surfaces of the
samples were covered with a waterproof material to allow
water to seep in through a conﬁned area. The samples were
placed on wooden wedges, and the water was ﬁlled up to
5 mm above the bottom of the samples. Throughout the
experiment, this water level was kept unchanged. The
samples were weighed for 24 hours at 0, 5, 10, 20, 30, 60, 180,
360, and 1440 minutes.
3.2.5. Freeze-Thaw Property. The freeze-thaw test was performed according to TSE CEN/TR 15177 [46], and mass
losses were calculated. Additionally, after freezing and
thawing, compressive strengths of the samples were
determined.
3.2.6. Pull-Out Test. Pull-out test was performed to determine the eﬀect of the coating on the adherence between
concrete and reinforcement. Three steel bars from each
combination series, totally 24 test samples with 280 mm
length and 10 mm diameter were prepared. 200 mm length
of each sample was left outside the concrete with an embedded length of 80 mm. Each was coated with the mixes up
to a greater length than 80 mm and left to dry for 24 hours.
100 × 100 × 100 mm molds were greased and then the mixture was poured in 2 layers. Each layer was compacted by
rodding 25 times. The dried reinforcements were placed at
the midpoint of the concrete by leaving a 20 mm concrete
cover from the bottom. After 24 hours, the demolded
concrete was cured for 28 days by leaving the reinforcements
outside the water. In order to perform the test, a special cap
was used in the pull-out test machine.

4. Results and Discussion
4.1. Corrosion of the Reinforcement Steels
4.1.1. Mass Loss Results. Mass losses of the reinforcement
steel bars removed from the 3.5% NaCl solution were
measured by a precision balance, and the results are given in
Figure 2.
In Figure 2, the mass losses in the reinforcements coated
with organic ash-added mixes were found to be extremely
low compared to the reference sample, R. It was found out
that the most eﬀective inhibitive coating material in the
corrosion of the steel bars which were kept in the NaCl
solution for 180 days was the mix containing wheat straw,
sunﬂower stalk, and corn stalk ashes, all together, WSC. The
corresponding mass loss ratio was 0.185%. The least mass
loss in the single additive cases was observed in group S. The
sample with the highest mass loss was the uncoated reference
sample, R, with a ratio of 1.679%. This value is approximately
nine times the mass loss obtained with the triple combination, WSC. These results show that these ashes can be
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Mass losses (%)

6
2
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

1.679

0.551

0.457

0.365

0.248

R

W

S

C

WS

0.475

WC

0.233

0.185

SC

WSC

Samples

Figure 2: Mass losses of the reinforcement steels.

considered as additives for the coating mixes against reinforcement corrosion.
Since the ratio of silisium in the structure of S is high, the
mass losses of reinforcements were least with this additive.
Coating the reinforcement steels with organic ash-added
mixes to protect them against corrosion gave positive results.
Corrosion was either delayed or prevented as the ashes
contributed to the continuation of the alkaline environment
formed in the concrete. Therefore, this coating system is
suitable for the protection of the reinforcement steels from
corrosion.
4.1.2. Results of the Galvanic Cell Method. The results of the
galvanic cell method are given in Figure 3. In this test, where
the steel bars behaved as anode and the copper sheet as
cathode, the highest result was seen in the reference sample,
R. The sample with the highest electron loss due to the
electrolyte is the most destroyed, corroded sample. Consequently, as it is seen from the results, samples with the least
potential diﬀerence value were the ones coated with WSC.
4.1.3. Results of the Accelerated Corrosion Test. The accelerated
corrosion test was continued until all samples were exposed to corrosion and cracked. The experiment lasted 15
days, and a total of 50 measurements were made. The
results of the accelerated corrosion tests are shown in
Table 6. Each column represents the average of ﬁve
measurements, and the last column shows the average of
50 measurements.
When the results are examined, among all the samples, the
reference sample has generally drawn the highest current during
the entire test, including the initial and ﬁnal values. The highest
current values in the reference samples are an indication of the
highest amount of corrosion in them. Samples drawing the
lowest current are those coated with the triple combination,
where the current values were the least from the beginning till
the end. Average of the current values for the reference samples
was 0.186 A which was the highest and that for the WSC
samples was the lowest with a value of 0.057 A, which were
roughly constant throughout the whole test. Following WSC, in

drawing the least current, were, respectively, WS with an average of 0.058 A and S with an average of 0.068 A.
Among the coated samples, the triple combination WSC,
the double combination WS, and the single additive S samples
were the ones that drew the least current. As determined in
previous studies, coating mixes with sunﬂower stalk ash were
better insulations for water and electricity than the other ones
[38, 39]. Consequently, they show the best performance also
in corrosion resistance. The triple mixtures have always
performed very well in terms of protection due to their low
electrical conductivity and tight coating structure. Samples
coated with S and C gave better results compared to the ones
coated with W. On the other hand, the corrosion resistance of
the samples coated with organic ash-added mixes was found
to be much higher than the reference sample, R. As a result,
the study shows that these ashes may reduce the corrosion if
they are used as additives to the cement.
4.2. Results about the Coated Reinforced Concrete
4.2.1. Mass Loss Results. The mass losses of the coated
reinforced concrete samples removed from the NaCl solution at the end of the 180th day are given in Figure 4.
When the results are examined, it is seen that the coated
samples were less aﬀected by the saline medium than the
reference samples. In the 180th day samples, the maximum
mass loss, 2.35% was observed in the reference samples and
the minimum, 0.22%, in WSC samples. This big diﬀerence
can be explained by the thick coat inhibiting the salty water
from entering the sample. Considering the importance of
concrete impermeability in terms of durability, these test
results are of great importance. Because of the coating, NaCl
ions could not penetrate into the concrete easily and the
corrosion of the reinforcement steel was delayed. Besides,
because of the mineral admixtures, the concrete obtained
was denser, and mass loss was prevented in concrete due to
the eﬀect of pozzolanic activity also.
4.2.2. Compressive Strength Results. Compressive strengths
of the samples, kept in tap water and NaCl solution for
180 days, are given in Figures 5 and 6, respectively.
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0.7
Potential difference (V)

0.6

0.59

0.5
0.4

0.29

0.3

0.26

0.21

0.2

0.19

0.21

0.18

0.11

0.1
6E – 16

R

–0.1

W

S

C

WS

WC

SC

WSC

Samples

Figure 3: Potential diﬀerence values obtained from the galvanic cell method.
Table 6: Current measurements in the samples.
1–5

6–10

11–15

16–20

0.074
0.063
0.038
0.048
0.045
0.058
0.061
0.029

0.085
0.069
0.045
0.053
0.054
0.063
0.065
0.035

0.129
0.078
0.052
0.068
0.066
0.078
0.071
0.044

0.157
0.086
0.063
0.077
0.07
0.087
0.08
0.052

Mass losses (%)

Measurements
Samples
R
W
S
C
WS
WC
SC
WSC

3
2.8
2.6
2.4
2.2
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

21–25

26–30
Current values
0.226
0.213
0.094
0.121
0.074
0.084
0.088
0.093
0.081
0.088
0.093
0.099
0.088
0.116
0.065
0.073

31–35
(A)
0.257
0.22
0.095
0.123
0.012
0.128
0.205
0.081

36–40

41–45

46–50

Average

0.23
0.204
0.127
0.138
0.133
0.142
0.187
0.015

0.245
0.197
0.01
0.012
0.012
0.022
0.178
0.095

0.248
0.185
0.093
0.012
0.015
0.018
0.181
0.084

0.186
0.132
0.068
0.071
0.058
0.07
0.123
0.057

2.345

0.81

R

W

0.56

0.48

0.45

0.35

0.31

0.22

C

WS

WC

SC

WSC

S

Samples

Figure 4: Mass losses of the reinforced concrete samples kept in NaCl solution.

As it is clear from the ﬁgures, the coated samples had
higher compressive strengths compared to the uncoated
ones. Among the samples kept in NaCl solution, the highest
compressive strength loss was observed in R sample with
30% and the lowest in WSC sample with 14%. According to
the results achieved, salty water ions did not reach the coated
concrete to cause structural damage. Hence, it is clear that
the organic ash-added mixes improved the concrete
durability.
4.2.3. Abrasion Resistance Results. Abrasion resistance values
of the samples are given in Table 7. When the abrasion losses
of the samples are examined, it is observed that the samples
coated with organic ash-added mixes show more resistance

against abrasion than the reference sample. The average
abrasion rate of the coated concrete samples W, S, and C was
30% less than that of sample R and respective values for WS,
WC and SC were 35% less than that of sample R. On the
other hand, the abrasion rate of the coated concrete samples
WSC was 40% less than that of sample R, revealing that the
triple combination of the organic ashes has the highest
resistance against abrasion.
4.2.4. Capillary Water Permeability Coeﬃcients. Based on
the capillary water permeability test results, the capillarity
coeﬃcients with respect to the water amount absorbed are
given in Table 8 for each sample separately as capillary water
permeability coeﬃcient-time relationship. The capillary
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Figure 5: Compressive strengths of the samples kept in tap water.
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Table 7: Abrasion test results.
Samples
R
W
S
C
Average rate for single additive case
WS
WC
SC
Average rate for double additive case
WSC

Abrasion ratio
(cm3/50 cm2)
7.61
5.65
5.12
5.23
5.33
4.89
5.34
4.67
4.94
4.56

water permeability of the coated concrete samples was much
lower than R. Since organic ash-added coatings form a new
layer of the shield on the concrete surface, the capillary water
absorption values decreased with time, and the samples
absorbed less water depending on the organic ash
combination.
When the capillary water permeability rates of the samples
are examined, it is seen that the ones coated with organic ashadded mixes absorb less water than R. The average capillary
water permeability rate of the concrete samples coated with
only one type of organic ash-added mixes was 35%–70% lower

than that of sample R, whereas for the concrete samples coated
with two types of ash added mixes, the corresponding percentage range was 32%–72% and that for WSC was 22%–80%.
Hence, it is concluded that, especially, WSC is more resistant
against the capillary water permeability. Since one of the main
factors inﬂuencing the durability of concrete is attributed to its
permeability, impermeability is very important in highly
durable concrete production [47].
4.2.5. Freeze-Thaw Test Results. The mass and compressive
strength losses of the 28-day concrete samples after the
freeze-thaw tests are presented in Table 9. After freezing and
thawing, the mass losses of the samples are diﬀerent. There
were not any observed cracking or spalling on the surfaces of
the samples. Both mass and compressive strength losses in
sample R were higher than those with organic ash-added
coatings. The highest compressive strength loss was observed in sample R, whereas the lowest in sample WSC.
Similarly, the minimum mass loss was also found in sample
WSC. Organic ash-added coating prevented the formation
of capillary cracks due to the formation of a new layer of the
shield on the concrete surface. As a result of the coating of
the samples, the water absorption rates of the samples were
reduced, so that the compressive strength loss after the
freeze-thaw test was also smaller than sample R.
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Table 8: Capillary water permeability coeﬃcients (cm/s1/2)10− 6.

Samples
R
W
S
C
Average rate for single additive case
WS
WC
SC
Average rate for double additive case
WSC

0
0
0
0
0
0
0
0
0
0
0

5
2.65
0.86
0.78
0.82
0.82
0.72
0.84
0.71
0.76
0.55

10
2.52
1.61
1.54
1.58
1.59
1.51
1.56
1.50
1.53
1.34

20
2.13
1.76
1.67
1.73
1.72
1.62
1.74
1.58
1.65
1.44

Time (min)
30
2.35
1.48
1.45
1.46
1.46
1.40
1.45
1.39
1.42
1.35

60
1.83
1.38
1.34
1.35
1.36
1.31
1.36
1.28
1.32
1.25

180
1.24
0.69
0.65
0.66
0.67
0.62
0.63
0.58
0.61
0.54

360
0.95
0.48
0.42
0.45
0.45
0.39
0.44
0.37
0.40
0.34

1440
0.58
0.41
0.35
0.38
0.38
0.33
0.38
0.31
0.34
0.30

Table 9: Mass and compressive strength losses after freeze-thaw tests.
Samples
R
W
S
C
Average values for single additive case
WS
WC
SC
Average values for double additive case
WSC

Compressive strength (MPa)
21.2
30.8
32.8
31.7
31.6
33.1
35.9
39.6
36.2
39.8

Table 10: Pull-out test results.
Samples
R
W
S
C
WS
WC
SC
WSC

Tensile force (N)
6185
6295
6305
6280
6330
6325
6350
6380

4.2.6. Pull-Out Test. There are studies focused on the eﬀect
of the levels of reinforcement corrosion on the bond degradation using the pull-out test [48, 49]. Similarly, pull-out
tests were carried out to evaluate the eﬀects of corrosion on
bond and bond–slip behaviour. Pull-out test results are
given in Table 10. The very close tensile force values of the
samples indicated that the coating on the steel bars did not
signiﬁcantly aﬀect the adherence between concrete and steel.

5. Conclusions
In this study, protection of reinforcement against corrosion
using a coating containing wheat straw, sunﬂower stalk, and
corn stalk ashes was investigated, and the improvements in
the corrosion performance were evaluated. The results obtained led to the following conclusions:
(i) Among all the samples immersed in NaCl solution
for 180 days, the ones coated with WSC had the
least mass loss, whereas sample R had the highest.

Compressive strength loss (%)
27
7
7
7
7
5
6
4
5
3

Mass loss (%)
8.7
4.2
3.6
5.1
4.1
3.6
3.8
3.5
3.6
2.7

(ii) According to the galvanic cell test, the minimum
potential diﬀerence was found in sample WSC,
whereas the maximum in sample R.
(iii) Based on the accelerated corrosion test, the
samples coated with S and C showed more
corrosion resistance while the ones coated with
W gave average values. However, even the corrosion resistance of these samples was much
higher than R.
(iv) Corrosion performances of the reinforcement
steels which were coated with S were found to
be the highest among the other ashes with high
silisium ratio.
(v) In concrete samples coated with organic ash-added
mixes, maximum mass loss was observed in R
while the minimum in WSC.
(vi) The reference sample which was kept in the NaCl
solution and tap water for 180 days had the highest
compressive strength loss while WSC had the
lowest.
(vii) Among the 28-day concrete samples, WSC had the
lowest abrasion value while sample R had the
highest.
(viii) WSC had the lowest permeability value among the
28-day concrete samples while sample R had the
highest.
(ix) Since the samples were coated with organic
ashes, the water absorption rates of these samples
decreased. Therefore, the mass and compressive
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strength losses after freezing-thawing were much
lower than that of sample R.
(x) According to the pull-out test results, the produced
dye components did not have a negative eﬀect on
the adherence between the concrete and reinforcement. Anyhow, it was sample R that gave
the lowest value.

Also, wheat straws, sunﬂower stalks, and corn stalks are
easy to obtain because they are abundant in many parts of
the world. In case of mass production, except the shipping
cost, there is no big cost diﬀerence between the areas where
the mixes for coating will be produced. From an economical
point of view, since there is no diﬀerence in production and
application with dyes, there is no ﬁnancial burden in these
phases. Moreover, it is possible to make an economic
contribution by gaining new usage areas for these materials.
Nowadays, many corrosion protection methods are used
parallel to developing technology. However, these methods
are both costly and laborious in terms of labor and applicability. Among these methods, the most convenient one in
terms of production, application, and cost is the surface
coating method.
In conclusion, the proposed coating containing the organic ashes obtained from the agricultural wastes are found to
be eﬀective coating materials to provide resistance against
corrosion. The ﬁndings of this study indicate that these ashes
can be used in composite coating production to prevent
reinforcement corrosion and can be suggested as alternative,
innovative, and environment-friendly corrosion inhibitors.
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