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Abstract. Concrete is a composite material that is commonly used in various types of construction work. Concrete material
is expected to be able to survive in a certain environment, without experiencing damage during its service life. Decrease in
the quality of concrete can be caused by environmental factors such as the influence of weather, drastic temperature
changes, abrasion, electrolytic action, attack by liquids or natural gases and industrial fumes. Meanwhile, the use of
concrete in an aggressive environment greatly affects the durability and compressive strength of concrete. This study aims
to evaluate the characteristics of concrete using PCC cement in a sulfuric acid environment. The test variable was concrete
strength of concrete of 20 MPa (N20) and 30 MPa (N30). The specimens of a 5x5x5 ¢cm cube were immersed in a sulfuric
acid solution with a concentration of 2% and 5%. Then, the weight loss, compressive strength and abrasion resistance were
tested. The results showed that N20 concrete soaked in sulfuric acid solution decreased compressive strength by 99.065%
after soaking for 91 days, all specimens lost weight and increased abrasion rate. From visual observation, N30 concrete
experienced greater degradation than N20 when immersed in sulfuric acid solution with the same concentration. Therefore,
an analysis of the chemical composition of PCC cement with XRD was carried out, the results showed that the CsA
(Tricalcium Aluminate) content was 52.6%. The greater the CsA content of cement can increase the growth of ettringite in
concrete, causing greater damage.

INTRODUCTION

Concrete is a composite material (mixture) of several materials, the main ingredients of which consist of a mixture
of cement, fine aggregate, coarse aggregate, water and or without other additives in a certain ratio. Because concrete
is a composite, the quality of concrete is highly dependent on the quality of each forming material [1].

The durability of concrete is the resistance of the concrete structure in the face of conditions where the concrete
is designed without deterioration during the service life of the structure. The decrease in the durability of concrete can
be caused by internal factors such as alkali-aggregate reaction, volume changes due to differences in the thermal
properties of the aggregate to paste, and permeability. External factors such as physical, chemical, and mechanical
influences are factors that affect the durability of concrete [2].

The resistance of concrete in an acidic environment is influenced by the pore characteristics of the concrete, the
ability of the cement matrix to neutralize acids and the reaction products (products) of corrosion due to acid, the type
and composition of the cement, the pH value, the type of aggregate and the use of additives in the cement mixture [3].
The hydration product Ca(OH), of concrete is more susceptible to acid because it is alkaline, thus increasing the use
of cement.

Concrete that has been exposed to the sulfate environment will experience a decrease in quality and a reduction
in the volume of the concrete. The acidic environment damages the concrete by breaking down Ca(OH) in the cement
paste, destroying the crystalline structure, and leaving residues that are not useful for the strength of the concrete, then
causes a decrease in the compressive strength of the concrete so that the service life of the concrete structure can be
reduced [4 and 5].

To overcome the continuous disposal of waste material, this study uses Portland Composite Cement (PCC) which
contains 6-35% inorganic materials such as fly ash, blast furnace slag, and others. Fly ash is an industrial waste
generated in thermal power plants. Several cement factories produce blended cement containing fly ash to reduce CO2
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emissions in the cement clinker production process, reduce consumption of raw materials such as limestone and clay,
and contribute to creating a clean environment through the use of recycled waste materials such as fly ash. The
incorporation of fly ash in blended cement such as PCC provides ecological benefits and saves materials [1, 6].
Currently, PCC type cement is widely traded and easy to obtain.

Based on above explanations, the study aims to investigate the effect of sulfate environment on the properties of
concrete with concrete strength of 20 and 30 MPa. The effect was analyzed based on the results of weight loss,
compressive strength of concrete and resistance to abrasion after immersion in sulfuric acid solution with
concentrations of 2% and 5% until the age of 91 days.

MATERIALS AND METHODS
Material

Experimental studies were carried out to evaluate the weight loss, compressive strength and resistance to abrasion
after immersion in 2% and 5% sulfate solutions until the test life. Portland Composite Cement (PCC) which complies
with SNI 15-7064-2004 for Indonesian cement production and is available in the market is used as a binder. XRD (X-
Ray Diffraction) test was conducted to determine the chemical composition of cement.

Crushed stone with a maximum aggregate size of 20 mm and a coarseness modulus of 6.79, as well as river sand
with a fineness modulus of 2.6 meet the standards of SNI 03-1968-1990 for coarse and fine aggregates. The aggregate
comes from the Jeneberang river, Bili-bili. Table 1 summarises the physical properties of the aggregate.

TABLE 1. Physical characteristics of aggregates

Characteristics Crushed Stone River Sand
Specific aravit Oven dry density 2.69 242
P g Y Surface dry (SSD) 2.71 2.46
Water absorption % 0.45 1.63
Specimens

The test specimens were cylindrical 100x200 mm as a control test object for compressive strength. The compressive
strength testing of control specimens was carried out at the age of 7, 14 and 28 days, using a Universal Testing Machine
(UTM) with a capacity of 1000 kN. In addition to the cylindrical shape, a cube specimen with dimensions of 50x50x50
mm is also used. The concrete cube is the result of cutting from a concrete block measuring 50 x 100 x 400 mm. Cutting
of concrete blocks is done after the concrete has cured 28 days. Table 2 shows the composition of the concrete mixture
calculated by the ACI 211.1-91 method. The number of specimens for each type of test is presented in Tables 3 and 4.
The specimens were cured in fresh water for 28 days, then followed by immersion in 2% and 5% acid sulfate solutions
until the age of the test as shown in Figure 1.

TABLE 2. Mix concrete design (kg/m%)

Material N20 N30
Water 172 154
Cement 365 425
Sand 963 710
Crushed Stone 829 1051
Superplasticizer - 34

TABLE 3. Compressive strength test object

) Number of specimens Shape and dimension of
Concrete strength Curing -
7 Days 14Days 28 Days Specimens
20 MPa (N20) 3 3 3 .
Cylinder 100 x 200 mm
30 MPa (N30) 3 3 y
Freshwater

20 MPa (N20) - -

30 MPa (N30) i i Cube 50 x 50 x 50 mm

g oW




TABLE 4. The test object loses weight

Concrete Curing Number of specimens Shape and Qimension of
strength specimens
0,
20 MPa (N20) ﬂzgg“ E;Z ig
2ot Cube 50 x 50 x 50 mm
30 MPa (N30) H2S04 2% 15
H>SO4 5% 15

FIGURE 1. Immersion specimens in 2% and 5% sulfuric acid (H2SOa4)
Weight loss test

Resistance to sulfuric acid was carried out by immersing a 5x5x5 cm concrete cube (after curing in fresh water
for 28 days) into sulfuric acid solution until the age of 91 days. The sulfuric acid solution used had a concentration of
2% and 5% H>SOy4 in accordance with ASTM C267-01 (Standard Test Methods for Chemical Resistance of Mortars,
Grouts, and Monolithic Surfacing and Polymer Concretes). To maintain the acidity of the solution, changes were made
every 7 days. Weight loss of concrete after immersion in a solution of sulfuric acid (H2SO.) indicates resistance to
sulfate. Weight measurements were carried out every 7 days until the age of 91 days using a scale with an accuracy
of 0.01 gr.

Compressive strength test

According to SNI 1974-2011, the compressive strength test is the application of an axial load to the concrete test
object at a loading rate that is within the specified limit until destruction occurs. The compressive strength of the test
object is calculated by the using Equation (1).
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where f'c is compressive strength of concrete, P is axial compressive force and A is cross-sectional area of
specimens.

Abrasion resistance test

Abrasion resistance test based on EN 1097-2:2007 specification using 8 concrete cubes with dimensions of 5x5x5
cm rotated together with 8 steel balls with a Los Angeles abrasion machine. The machine is rotated for 1000
revolutions where every 100 revolutions a weighing is carried out on changes in the weight of the test object. To
calculate the percentage of weight loss from the concrete from the abrasion test, the Equation (2) is used.

. w1 — Wp
Abrasion=—————— x 100% 2
Wo

where wp = weight before testing (gr), w1 =weight after testing (gr)



RESULT AND DISCUSION

PCC Cement chemical composition
The chemical composition of PCC cement was determined through XRD (X-Ray Diffraction) testing. The results
of the XRD analysis show that the content of C3A (Tricalcium Aluminate) was 52.6%, as presented in Tand Figure 2
and Table 5. The greater the CsA content, the growth of etteringite in the concrete increases, causing greater damage.
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FIGURE 2. XRD Test Results

TABE 5. Chemical composition of cement analyzed by XRD
Composition (%) Compound Name  Chemical Notation

52.6 Grossite Caz Al, Og
28.3 Corundum Al; O3
9.6 Cristobalite 0, Si
6.7 Periclase Mg O
2.7 Maghemite Fe; O3

Compressive strength

This test uses 18 samples of 10 cm x 20 cm concrete cylinder specimens with a test age of 7, 14, 28 days for N20
and N30 concrete. Table 6 shows the results of the compressive strength of the concrete cylinder according to the
target.

TABLE 6. Compressive strength of concrete cylinder

Age (days) N20 (MPa) N30 (MPa)
12.133 19.735
7 12.023 18.665
14.230 18.472
18.330 27.453
14 20.170 26.784
20.028 26.856
20.700 29.231
28 20.991 29.358

21.022 29.143




Visual conditions

Visually, the concrete cubes N20 and N30 show a significant change in shape due to sulfuric acid attack. Changes
in shape are strongly influenced by the concentration of acidity of the solution. Figures 3 and 4 show the changes in
the shape of the N20 specimens immersed in a solution of 2% and 5% sulfuric acid (H2SO,) at the age of 0 days
(before immersion in sulfuric acid solution), 7,14, 28, 56, and 91 days. Damage occurs less in solutions with lower
concentrations. N20 concrete soaked in 2% H>SO, solution can last up to 91 days compared to N20 concrete in 5%
H>S0, solution which only lasts up to 42 days.

28 days 56 days 91 days
FIGURE 3. Visual condition of N20 concrete after soaking in 2% sulfuric acid (H2S04)

0 days 7 days 14 days 56 days 77 days
FIGURE 4. Visual condition of N20 concrete after soaking in 5% sulfuric acid (H2SO4)

Figures 5 and 6 show the damage to N30 concrete due to attack by sulfuric acid (H2SQO4) with concentrations of
2% and 5%. The higher the concentration of the solution, the greater the damage that occurs. At a concentration of
2% H>S0, solution, N30 concrete can last up to 77 days, while at a concentration of 5% H2SO4 concrete can only
last up to 35 days. The results of visual observations also show a greater level of concrete damage in concrete with
more cement content at the same solution concentration.
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0 days 7 days 14 days 56 days 77 days
FIGURE 5. Visual condition of N30 concrete after soaking in 2% sulfuric acid (H2SOa)



0 days 7 days 14 days 35 days
FIGURE 6. Visual condition of N30 concrete after soaking in 5% sulfuric acid (H2SOa4)

Weight lost

Weight loss data was obtained from an average of 15 specimens in each variation of the immersion as presented
in Tables 7 and 8. The test was carried out every 7 days until the age of 91 days. N20 concrete specimens immersed
in a 2% H,SO4 solution experienced an increase in weight of 1.58% after being soaked for 7 days, but when they
reached the age of 14 days, the concrete began to experience damage due to the sulfuric acid reaction until the age of
91 days. Total weight loss is 61.19% in N20 concrete.

For concrete specimens N30 immersed in a solution of 2% H,SO4 began to experience damage due to sulfuric
acid reaction at the age of 7 days and a weight loss of 0.08% occurred. For N30, the weight measurement is only up
to the age of 77 days because the test object is considered to have reached the maximum damage condition with a total
weight loss of 78.16% of the initial weight.

TABLE 7. Weight loss test results due to a solution of 2% H2SO4 (gr)

Immersion Age (Days)

Test Object 0 7 14 28 56 91
N20 265.67 260.87 26805 261.03 209.99  103.09
N30 26347 26327 24572 22327 11851  57.53"

TABLE 8. Weight loss test results due to 5% H2SO4 solution (gr)

Immersion Age (Days)

Test OB

est Object 0 7 14 28 35 2
N20 26407 247.78 21853  137.77 11223 7858
N30 265.67 22294 17533 7839 4255 ;

N20 concrete decreased in weight due to the reaction of sulfuric acid by 6.2% after 7 days of immersion in 5%
H2S0O4 solution and increased by 70.2% at the end of the test, namely at the age of 42 days. Meanwhile, N30 concrete
experienced a weight loss of 16.1% after being immersed in a 5% H,SO4 solution for 7 days and reached a weight loss
of 84.0% at the age of 35 days.

The weight loss of N20 and N30 concrete after being immersed in a solution of 2% and 5% H>SQO, is shown in
Figure 7. N30 concrete experienced a faster weight loss than N20 concrete, where the paste component was more
easily removed.
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FIGURE 7. Weight loss (%) of concrete after soaking in a solution of 2% and 5% sulfuric acid (H2SO4)

Abrasion resistance

Abrasion testing is used to measure the abrasion resistance of concrete before and after it has been treated with
sulfuric acid solution. The cumulative weight of eight test objects is used to calculate the percentage value of weight
reduction in this test. Figure 8 shows the abrasion value of concrete cubes N20 and N30 in a normal environment
(before immersion in sulfuric acid solution). The comparison of abrasion of N20 concrete cubes before and after being
immersed in a 2% H,SO4 solution is shown in Figure 9. The test was stopped at the 700 rounds because only 4 concrete
cubes were left out of a total of 8 concrete cubes. It can be seen in Figure 9 that the percentage of concrete abrasion
increases in a sulfuric acid environment. The value of abrasion on the concrete indicates a decrease in the quality and
level of resistance of the concrete to a low sulfuric acid environment.
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FIGURE 8. Abrasion resistance of concrete cubes N20 and N30 before being immersed in a solution of sulfuric acid (H2SOa)
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FIGURE 9. Abrasion resistance of N20 concrete cubes before and after immersion in a 2% H2SOas solution

Compressive strength after soaking in sulfuric acid solution

This test was conducted to determine the change in the value of the compressive strength of concrete before and
after reacting with sulfuric acid during the immersion period. The test object used was a concrete cube N20 with
dimensions of 5x5x5 cm, 28 days of normal curing and after immersion in a 2% H,SO, solution for 91 days. The
compressive strength value is the average value of 5 test objects.

Figure 10 shows the decrease in strength of a concrete cube after reacting to a 2% H,SO4 solution. The
compressive strength of concrete cube N20 had a compressive strength of 37.08 MPa before being immersed in
sulfuric acid solution and decreased by 99.07% after immersion for 91 days.
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FIGURE 10. Compressive strength before and after immersion in a 2% H2SOx solution in 20 MPa concrete (N20).

The decrease in the compressive strength of the concrete cube is influenced by changes in the dimensions and
shape of the specimen after being immersed in sulfuric acid solution, which is one of the factors that determine the
value of the compressive strength of the concrete. Changes in shape occur due to the reaction of sulfuric acid on the
concrete. Sulfate attack causes swelling of the volume resulting in cracks and damage that makes the cement detached
and reduces the durability and quality of the concrete.



CONCLUSIONS

The compressive strength of concrete cubes N20 decreased by an average of 99.07% after being immersed in a
solution of 2% sulfuric acid (H2SO4) for 91 days, while the abrasion value increased which indicated a decrease in
quality and resistance to abrasion. In addition, N20 concrete cubes immersed in a 2% H,SO, solution for 91 days
experienced an average weight loss of 61.19% and 70.2% in a 5% H2SO4 solution with a test life of 42 days.
Meanwhile, for N30 concrete cubes immersed in a 2% H,SO4solution for 77 days experienced an average weight loss
of 78.16% and 84.0% in a 5% H,SO, solution with a test life of 35 days. From the visuals, concrete cubes that have
been soaked in sulfuric acid (H2SQ.) solution with a concentration of 2% and 5%, experienced greater damage at high
solution concentrations. N30 concrete cubes suffered greater damage than N20 concrete cubes even though they were
immersed in a solution with the same concentration. Finally, the use of PCC cement in a sulfate environment
accelerates the deterioration of concrete due to the large content of CsA (Tricalcium Aluminate) so that the growth of
ettringite in concrete increases.
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