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ABSTRACT

The mechanism of Organic Corrosion Inhibitors increases the service life of reinforced
concrete by protecting concrete steel from chloride and water attack. Many studies have proven
the efficiency of inhibitors. However, some studies showed that inhibitors could have an effect on
the properties of concrete. In this paper, the effect of corrosion inhibitors admixture on the
properties of fresh and hard concrete with different water to cement ratio was studied.
Ferrogard®-901 was used as an organic corrosion inhibitor with a ratio of 12.5 kg/ m*. Three
water to cement ratios were used, which are 0.4, 0.5 and, 0.6 for each of the reference concrete
and the organic inhibitor concrete. Mechanical properties of fresh and hard concrete have been
studied. It includes workability, air content, permeability and, both compression and tensile
strength of concrete. The effect of the organic inhibitor was clear on the properties of fresh
concrete. The workability is increased with the addition of Organic Corrosion Inhibitor. The
specimen with Ferrogard®-901 shows a decrease in the compressive strength of concrete for wic
of both 0.4 and 0.5. However, with w/c of 0.6 the strength of both control specimen and that with
Ferrogard®-901, were very close. The tensile strength of the control specimen was higher than
that with Ferrogard®-901. In general, the permeability of concrete with organic corrosion

inhibitor was less than that of the reference concrete.
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INTRODUCTION

Researches on organic inhibitors focus on the efficiency of inhibitors in protecting steel
reinforcement from corrosion. Therefore, research on the effect of organic corrosion inhibitors on
the properties of fresh and hard concrete has not received proper attention, and this field includes
many questions, especially the difference in the chemical composition of the inhibitor according
to the manufacture. The study aims to determine the effect of organic retarder on concrete by
different ratios of water to cement in the concrete mix. Corrosive inhibitors are divided into
organic and inorganic inhibitors. They are classified according to the type of reactions that form a
layer on the surface of steel-reinforcement to protect it from chlorides attack, oxygen and,
water[1]. The corrosion of concrete steels exposed to the marine environment depends on
environmental, physical, and chemical factors. Organic Corrosion Inhibitor (OCI) depends on its
composition (Amine, Carboxylate) in reinforcement protection. Its mechanism of action depends
on the interaction with the attacking materials and steel reinforcement. The medium through
which the inhibitor travels is by diffusion and penetration through micro-cracks in the
concrete[2]. An alkaline layer of Ca(OH), is formed to protect the reinforcing steel from rust
when the concrete is exposed to carbon dioxide and chloride ions. This layer breaks down and the
reinforcing steel starts to rust. The life of the concrete is prolonged when corrosion inhibitors are
added, where the service life is divided into the initiation and the propagation phase. The action

mechanism of corrosion inhibitor increased the initiation stage.

Studies have demonstrated the efficacy of Amino Alcohols (AMAS) from the use of Sika
Ferrogard®-903 and their interaction with iron. Penetration depends on porosity of concrete and
moisture, and does not affecte by water through sprinkling and puddles on the concrete
structure.[3] The effectiveness of AMAS was verified in terms of their interaction with rebar and
formation of a layer on the reinforcement surface so that a simulation of concrete conditions was
used. The mechanism of action of Sika Ferrogard®-901 is primarily anodic protection. It must be
added in the appropriate amount so that corrosion acceleration does not occur.[4] The
components of organic corrosion inhibitors (OCI) are rarely identified from the manufacturer,
Material Safety Data Sheet (MSDS). However, some of them were examined for the safety and

security requirements of some countries. Where the great difference in the composition of the



sumldolg,
3> L2
&2 & <,
, < 1
~ g

] 491 300 Apaigd) (ygeal) ASLAID EulMEY idigd) aligal) a0 dualo (a4

same product for different factories. The Table 1 show the composition of the same product for
different factories Material Safety Data Sheet (MSDS)[5].

Table 1:composition of the same product for different factories Material Safety Data Sheet (MSDS)[5].

Chemical ingredients

Country Product Method of use Type of ingredient disclosed in the MSDS

2-dimethylaminoethanol

5-10
ived i (DMEA)
Norway Sika Ferrogard®-901 Mixed into
concrete o )
Organic/inorganic Not i
i ot given
nitrogen compounds
Canadian  Sika Ferrogard®-901 Mixed into Salt of alkanolamine 15 — 40
concrete

There are five common types of primarily Organic Alcohol Amines, including
Diethylenetriamine (C4H13N3), Aminoethylethanolamine (C4H12N20), Triethanolamine
(C6H15NO3), Triisopropanolamine (C9H21NO3) and, Polyvinyl Ammonium phosphate
(C9H21INO3) (C2H4NO3). Several studies indicate that compressive strength is affected by the
increase in the Inhibitor content according to the type of Inhibitor, while resistance decreases
with increasing the content of Diethylenetriamine (C4H13N3)[6]. Determining the efficiency of
inhibitors type Amines and Alkanolamines (organic basic nitrogen compounds) is difficult. Most
commercial Inhibitors are made from a mixture of chemicals whose composition is unknown to
the researcher and is not disclosed by the manufacturer. Therefore, commercial inhibitors are
called (Amino-Alcohol Based Mixed Corrosion Inhibitor).[7, 8]

The efficiency of corrosion inhibitor differs by the manufacturer from company to another
[9]. The effect of Amine was tested on concrete properties and it was observed that it reduces the
compressive strength of the concrete by (10-20)%[10]. Corrosion inhibitors have been applied to
many buildings and towers. The age of the treated buildings has increased and decreased the cost
of maintenance, which is of great importance in the use of concrete [11]. The Organic Inhibitors
were applied to the Princess Tower Building, Dubai, UAE, and the life of the tower was
estimated by a program LIFE-365[12]. The results showed that the building life was increased
from 42 years to 100 years.
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The Amine group is a mixed (anodic/cathode) inhibitor that is based on nitrogen, that can
bonded and be absorbed by metal (including steel reinforcement)[13]. Transport of Organic
Corrosion Inhibitors (OCI) from concrete to the reinforcement by diffusion as liquid and/or
vapor. The strength of the bond between the OCI molecule and the steel-reinforced is what delays
the initial period of the service life of reinforcement concrete. Amine alcohol based gives double
the life span of the reinforced concrete. The effect of chloride ion concentration on steel
corrosion and the alkalinity of concrete is not fully understood. Chloride ions can initiate active
corrosion because they break down the negative oxide layer on the reinforcement embedded into
the concrete[14].

Sika Ferrogard®-901 was added in amounts of 0.1, 0.2, and 0.3% the weight of cement in
the concrete mix, and the wi/c ratio of 0.52. The results were Slight increase in compressive and
Splitting tensile strength when the percentage of Sika Ferrogard®-901 corrosion inhibitor
increased[15]. The addition of Sika Ferrogard®-901 to concrete at a percentage of 5% of the
weight of cement affects the properties of concrete, the compressive strength decreased by 10%
compared with the reference sample[16]. Amino-Alcohol Base Mixed Corrosion Inhibitor
experienced a decrease in the diffusion coefficient of approximately 30% in chloride migration
testing in compared to the reference sample. also, the capillary absorption was decreased by 56%
[17].

There is an insufficiency understanding of the effect of organic corrosion inhibitors on the
mechanical properties of concrete. In addition, every company has a chemical composition that
may differ from other companies that manufacture the same type of inhibitor. Therefore, in this
study, sika Ferrogard®-901 available in the local market was used. The influence of organic

corrosion inhibitors on the mechanical properties of concrete remains unclear.

Organic corrosion inhibitors are commonly used in structures such as bridges and towers
that require high compressive strength and long service life. It can also be used in structures that
require a long service life and low compressive strength. In addition, the effect of organic
corrosion inhibitors may change with the difference of water to cement ratios. Furthermore,
earlier research did not describe the influence of organic inhibitors on concrete properties in a

straightforward and clear explanation.
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EXPERIMENTAL INVESTIGATION.

MATERIAL

The real challenge at this stage is to match the materials with the standards. River sand and
coarse aggregate that conform to standard are not available therefore certain measures were taken
such as washing both local sand and coarse aggregate. nominal maximum size of coarse
aggregate was 12.5 mm fineness module of sand was 2.4.the specific gravities of cement, sand
and coarse aggregate were 3.15, 2.74, and 2.61 respectively. The admixture used in this study
was Sika Ferrogard®-901. Table 2 shows the material’s chemical compositions tested by X-ray

fluorescence analysis.

Table 2: materials chemical compositions tested by X-ray fluorescence analysis.

Chemical composition% Sand (S) CEMENT (OPC)
Silicon dioxide(S10,) 0.110 20.90
Aluminum oxide (AL,05) 0.222 6.06
Iron oxide (Fe,0s) 0.159 3.68
Calcium oxide (CaO) 51.850 64.56
Magnesium oxide (MgO) 3.136 2.55
Sodium oxide (Na20) 0.105 0.24
Potassium oxide (K20) 0.000 0.98
Chloride (CI) 0.01 0.007
Sulfur trioxide (SO3) 0.25 2.53

Sand contains chloride in addition to its granular irregularity, so it was important to take
samples from different places and to adopt the one that conforms to standards. Several tests were
conducted, such as chloride content in the sand.

CORROSION INHIBITING CONCRETE ADMIXTURE (SIKA® FERROGARD®-901) .

It is a liquid concrete mixture based on Sika Ferrogard® technology for use in reinforced
concrete and mortars. It acts as an inhibitor to protect steel reinforcement from corrosion.
Designed for reinforced concrete especially the building exposed to chloride environment. Such

that provides protection against corrosion caused by chloride. It is often used in structures that
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have a long service life such as concrete roads, bridges, tunnels and, retaining walls. Mechanism
of Sika® Ferrogard®-901 mixes the anodic and cathodic reactions of the electrochemical
corrosion process. The product forms a film on the steel surface which delays the damage of
corrosion and also reduces the degree of corrosion. Sika® Ferrogard®-901 was mixed with water.
The quantity of Sika® Ferrogard®-901 in the mix design was taken into consideration when
determined the quantity of water for a specific W/C ratio. Chemical composition of Sika®

Ferrogard®-901 is shown in Table 3.

Table 3:Chemical composition of Sika® Ferrogard®-901.

Chemical name Concentration (% w/w)
2-dimethylaminoethanol %10
2,2'-(methylimino)diethanol %10

MiX PROPORTIONS OF CONCRETE.

The mixed proportions of concrete are summarized in Table 4. The concrete mix is designed
according to the ACI code-211. The amount of ordinary portland cement type | (OPC) of 398 kg/m3
was used in all mixes. Ratio of gravel to sand (G/S) was obtained from ASTM 29. The concrete
mixtures had a water-to-cement ratio of 0.4,0.5 and, 0.6. The slump of fresh concrete had been
estimated at 50 mm. Control specimen (C) with no admixture. specimens (OA) uses Ferrogard®-901

as corrosion inhibitors. Ferrogard®-901 was added to the concrete at a ratio of 12.5 kg / m®.

Table 4: The mix proportions of concretes.

MIX BINDER  PER WEIGHT CEMENT % ACI

ID + Kg/m?®
Admixture. “Cement  Aggregate  Sand water

0.4-C OPC 398 1061.685 774.52 159.2 -
0.4-OA OPC+ ACI 398 1043.526 761.28 159.2 12.5

0.5-C OPC 398 1000.397 729.81 199 -
0.5-0A OPC+ ACI 398 982.238 716.57 199 12,5

0.6-C OPC 398 939.1092 685.10 238.8 -

0.6-OA OPC+ ACI 398 920.95 659.59 238.8 12.5




U doy
o »px\umn do D//Q/y%
gt = .
= >

] 491 300 Apaigd) (ygeal) ASLAID EulMEY idigd) aligal) a0 dualo (a4

RESULTS AND DISCUSSION

WORKABILITY.

Workability was examining by the slump test in accordance with ASTM C143. Figure 1,
show the addition of Organic Corrosion Inhibitors materials affects the workability of the mixture

in which the water to cement ratio is 0.4. The workability of the reference mixture was 0, while

30 1 28
25 1 23
20 1

15 1 13

Slump (cm)

10 1

] 6
i I
] 2
] 0
0 [
0.5C

0.4C 0.40A

0.50A 0.6C 0.60A

the workability of the mixture contains Ferrogard®-901 increased to 2 cm.
Figure 1:Effect s of w/c with Ferrogard®-901 addition on the slump.

As for the water to cement ratio of 0.5, The Workability of the mixture containing
Ferrogard®-901 was doubled, so that the Workability of the sample 0.5C, 0.50A was 6 cm and
13 cm, respectively. As for the water to cement ratio of 0.6, The Workability of the mixture
containing Ferrogard®-901 was increased, so that the Workability of the mix of 0.6-C, 0.60A
was 23 c¢cm and 35 cm, respectively. In general, the Workability of concrete containing
Ferrogard®-901 was affected, so that the Workability of the concrete mix with a water-cement
ratio equal to 0.4 and containing Ferrogard®-901 (0.4 OA) was very small. And the mix 0.60A

was Too high and rejected according to the specification.

THE POROSITY OF HARDENED CONCRETE.
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The cement used is Ordinary Portland Cement (OPC) ASTM C150. Mix proportions of
concretes are summarized in Table 4. The raw materials were mixed with tap water and
compacted into moulds (50mmx50mmx200mm) and placed in a curing tank, until the ages of
days,28 days. The samples are first oven-dried at 60°C for 4 days and then be weighted. The air

=
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15.13

15.1
12.9 12.73
10.62
9.8 I
0

0.4C 0.40A 05C 0.50A 0.6C 0.60A
was withdrawn from the dry samples by placing the dry samples in a vacuum machine for 1 hour.
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Porosity of hardened concrete(%)

N

Then the samples were soaked in the water while continuing to withdraw air from the samples for
two hours. The ratio of weight difference before and after soaking in water divided by the

concrete volume is considered as porosity.
Figure 2:Effects of W/C with Ferrogard®-901 addition on the porosity.

The results are shown in Figure 2 at 28 days of age for all samples. The effect of
Ferrogard®-901 OA sample on the porosity of concrete with a water-cement ratio of 0.4 was clear
compared to the control sample with the same water-cement ratio. However, the corrosion
inhibitor Ferrogard®-901 did not significantly affect the porosity of concrete samples with a
water-cement ratio of 0.5and 0.6 compared to the control sample with the same water-cement

ratio. The correlation between compressive strength and porosity of Ferrogard®-901 on concrete
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Figure 3:relationship between the porosity and the compressive strength at 28 days of curing.
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is shown in Figure 3 It can be seen that with the correlation coefficient of R2 = 0.861.

COMPRESSIVE STRENGTH TEST OF CONCRETE.

Concrete cylinder specimens of (70*140) mm were cast according to ASTM-C39 and
were allowed to set for 24 h. Concrete specimens C, OA were cured in water until the date of
testing to determine the compressive strength at age of 1,3, 7, 28, and 90 days. The cylinder was
filled with freshly mixed concrete in two layers of approximately equal volume. Each layer was
tamped 25 times. The mixes were then covered with a non-absorptive, non-reactive sheet of

tough, durable impervious plastic for 24 + 2 hours, after which they were de-molded and moist
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Figure 4:compressive strength of samples with (w/c) equal 0.4.

w
o
w
o

N
(S}
N
(6]
1

N
o
N
o
1

o
P EPET AT BT AT AT AT AT AT AT A AP AT AT AT

10

[ERN
o
1

Commpresive Strength (MPa)
&
Commpresive Strength (MPa)

o o

0.6-C 0.6-OA

1 0.5-C 0.5-OA]

0 +—r——m—"—m—r—""Tr—T—TTTT -

0 20 40 60 80 100 0 - 20 40 60 80 I100
Time (days Time (days)

Figure 6:compressive strength of samples with (w/c) equal 0.5. Figure 5:compressive strength of samples with (w/c) equal 0.6.
cured in a curing tank for 90 days.
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The effect of compressive strength of concrete varies with the change of water-cement
ratio and with the addition of organic corrosion inhibitors. In concrete with a water-cement ratio
of 0.4, the compressive strength of the OA samples was less than the compressive strength of the
reference sample as shown in Figure 4. The compressive strength of the OA samples was close to
the compressive strength of the reference sample at the young ages of 1 and 3 days. As The
published literature indicates that the chemical compound Dimethylaminoethanol in Sika

Ferrogard®-901 leads to a decrease in the compressive strength of concrete.

In concrete with a water-cement ratio of 0.5, the compressive strength of the OA samples
was close to the compressive strength of the reference sample as shown in Figure 6. The
compressive strength of the OA samples was less than the compressive strength of the control
sample at the early ages of 1 and 3 days. This is attributed to the increase in porosity and the
distribution of the pores within the sample, so the material was able to enter it before affecting

the hydration of the concrete.

In concrete with a water-cement ratio of 0.6, the compressive strength of the OA
samples was the closest to the compressive strength of the reference sample as showed in Figure
5 compared to samples with a water-cement ratio of 0.4 and 0.5 at all ages. This is attributed to
two reasons. One is the additional amount of water contributed to reducing the concentration of
the chemical compound dimethylaminoethanol in of Sika Ferrogard®-901. high porosity the

second reason is the increase in porosity attributed to the amount of water at w/c equal 0.6.

PERMEABILITY TEST OF CONCRETE

Concrete cubes specimens of (150*150*150) mm were cast in accordance with EN12390-
8 and were allowed to set for 24h concrete specimen C, OA concretes were cured in water until
the date of testing to determine the permeability at 28 days. The average of three concrete

samples were taken as the permeability of concrete.
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Figure 7:water permeability of concrete samples

The water permeability penetration under pressure 5 bar on C and OA concrete is given in
Figure 7, where the level of permeability is represented at the age of 28 days. It can be observed
that all the OA samples give a permeability level higher than the C sample. With the exception of
the sample 0.6.0A, it gave a level of permeability less than 0.6.C. This can be explained by the
presence of Sika Ferrogard®-901 inside the voids and the resistance to water entering through the
concrete. As for 0.5.0A and 0.4.0A, it gave a higher level of permeability than that of the
reference samples. This explains by the lack of enough pores inside the concrete to contain Sika
Ferrogard®-901 due to the presence of water in a small amount, and as result the concentration of

Dimethylaminoethanol was not diluted.

SPLIT CYLINDER TEST.

The split tensile strength test according to ASTM C496 - 96 was carried out on a Universal
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Fiaure (7-A) the snlittina tensile for samnle with W/C=0.4 Fiaure (7-B) the solittina tensile for sample with
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spilting tensile strength MPa
w

0.6-C 0.6-0A

0 20 40 60 80 100
Time (days)

Fiqure (7-C) the splittina tensile for sample with

Testing Machine (UTM). The sample used was a cylinder with a diameter of 70x140 mm in

according to ASTM C39. The test was performed at 7, 28 and, 90 days curing before Samples
were tested. The cylinders were tested in a dry, surface condition.

The effect of adding organic corrosion inhibitors to concrete (Ferrogard®-901) on the
tensile strength of concrete with the different water to cement ratios. In concrete with a water-
cement ratio of 0.4 as shown in Figure (7-A), the tensile strength of the OA samples was less than
the tensile strength of the reference sample for all ages. Previous studies indicate that the
chemical compound Dimethylaminoethanol in Sika Ferrogard®-901effect on both the
compressive and tensile strength of concrete. In concrete with a water-cement ratio of 0.5 as
shown in Figure (7-B), The tensile strength of the OA samples increased compared the reference
sample at 90 days. The tensile strength of the OA samples was less than the control sample at the
early ages of 7 and28 days. In concrete with a water-cement ratio of 0.6 as shown in Figure (7-
C), the tensile strength of the OA samples was close to the reference sample compere to the
concrete with a water-cement ratio of 0.4 and 0.5 for all ages. Besides the porosity, the
Ferrogard®-901 influence compressive strength. The correlation between compressive strength
and split tensile strength of Ferrogard®-901 on concrete is shown in Figure 8. It can be seen that

with the correlation coefficient of R2 = 0.83.
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Figure 8:relationship between the spilt tensile test and the compressive strength.
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CONCLUSIONS.

The organic corrosion inhibitor (Sika Ferrogard®-901) clearly affect the workability of
concrete. The value of slump increase when (Sika Ferrogard® 901) added to all mixes.

The effect of the organic corrosion inhibitor (Sika Ferrogard® 901) on the compressive
strength of concrete decreases with increasing w/c. So that, in concrete with a water-cement
ratio (w/c = 0.6), the compressive strength was closest to The reference concrete, while the
effect of (Sika Ferrogard®-901) was more evident on the specimens with decreasing the water
to cement ratio.

The organic corrosion inhibitor (Sika Ferrogard®-901) reduces the tensile strength of concrete
at ages 7 and 28, however, it increases the tensile strength at the age of 90 days for concrete
that water-cement ratio of 0.4 and 0.5. The tensile strength increased at all ages for concrete
with a water-cement ratio of 0.6.

The effect of the organic corrosion inhibitor (Sika Ferrogard®-901) on the porosity is small
and decreases with increasing water to cement ratio.

The permeability decreased with (Sika Ferrogard®-901) when w/c=0.6. However, it increased

when w/c=0.4 and 0.5. This could have an effect on corrosion protection.
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