i@ Journal of Ecological Engineering

Received: 2025.01.11
Accepted: 2025.02.01
Published: 2025.02.17

Journal of Ecological Engineering, 2025, 26(4), 264-274
https://doi.org/10.12911/22998993/200278
ISSN 2299-8993, License CC-BY 4.0

Performance analysis of ordinary portland cement and portland
pozzolan cement cement in improving sea sand and sea water
concrete with zeolite powder

Wahyuni'?, Abdullah®, Sri Mulyati*®, Yulia Hayati?

! Doctoral Program in Engineering, Universitas Syiah Kuala, Banda Aceh, Indonesia

2 Department of Civil Engineering, Faculty of Engineering, University of Muhammadiyah Aceh, Banda Aceh, Indonesia
3 Department of Civil Engineering, Faculty of Engineering, Universitas Syiah Kuala, Banda Aceh, Indonesia

4 Department of Chemical Engineering, Faculty of Engineering, Universitas Syiah Kuala, Banda Aceh, Indonesia
* Corresponding author’s e-mail: abdullahmahmud@usk.ac.id

ABSTRACT

This study examines the performance of concrete made with sea sand sea water using two types of cement: or-
dinary portland cement (OPC) and portland pozzolan cement (PPC), with the incorporation of zeolite powder.
Variations in zeolite content (0%, 7.5%, and 10%) were tested to evaluate compressive strength at 14, 28, and 56
days, as well as durability after immersion in a 5% Na2SOas solution for 30, 60, and 90 days. The results indicate
that OPC-based concrete generally achieves higher compressive strength compared to PPC. The addition of 7.5%
zeolite to OPC yielded optimal compressive strength at 56 days, while PPC with 10% zeolite demonstrated sig-
nificant improvements, despite lower overall strength. Durability testing revealed that PPC concrete exhibited su-
perior resistance to aggressive environments, particularly sulfate attack. The addition of 10% zeolite significantly
enhanced durability up to 90 days of immersion. For OPC concrete, 7.5% zeolite effectively reduced porosity and
improved durability, although a slight decline was observed at 90 days. These findings highlight that while OPC
provides better compressive strength, PPC with zeolite offers superior durability under harsh environmental condi-

tions, making it a recommended choice for concrete construction in coastal regions.
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INTRODUCTION

The growing demand for construction materi-
als in Indonesia has led to excessive exploitation
of river sand, resulting in environmental damage
such as erosion and sedimentation [1]. To miti-
gate these effects, the abundant availability of sea
sand has become a focus of research, with stud-
ies indicating that it can be utilized in concrete
production through composition adjustments and
the addition of specific admixtures [2]. Addition-
ally, seawater can be used as a mixing agent,
reducing dependency on freshwater resources.
However, the high chloride content in seawater
poses a risk of corrosion to steel reinforcement.
To address this challenge, supplementary materi-
als such as zeolite, fly ash, and volcanic ash can
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be used to decrease concrete porosity and inhibit
chloride ion penetration [3]. Zeolite, a naturally
occurring porous aluminosilicate mineral, offers
a unique crystalline structure with excellent wa-
ter and ion absorption properties, as well as ion
exchange capabilities. These characteristics make
zeolite an ideal additive for concrete mixtures
[4]. Its high silica and alumina content provides
pozzolanic properties, zeolite exhibits pozzola-
nic properties, allowing it to react with calcium
hydroxide in cement to form calcium silicate hy-
drate (C-S-H), the primary binding compound
in concrete [5]. This reaction enhances concrete
strength through additional C-S-H formation, re-
duces porosity, and improves durability against
external attacks [6]. Furthermore, zeolite enhanc-
es concrete’s workability and elastic modulus [7].
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However, the optimal dosage of zeolite must be
carefully determined, as excessive amounts can
impact setting time and viscosity [8]. Moreover,
the effectiveness of zeolite depends on the type of
cement used [9].

Cement plays a critical role in global infra-
structure development due to its ability to bind
aggregates into a solid and durable mass, its wide-
spread availability, and cost-effectiveness [10]. For
aggressive environments, such as those involving
seawater, Type V cement is often recommended
for its excellent sulfate resistance [11]. However,
its limited availability in the market necessitates
the use of alternatives. portland pozzolan cement
(PPC), classified as Type Il cement, is a suitable
substitute for coastal and sulfate-rich environments
due to its moderate sulfate resistance and heat of
hydration [12]. Additionally, PPC outperforms Or-
dinary Portland Cement (OPC) in seawater envi-
ronments because its pozzolanic components form
stable, sulfate-resistant compounds, providing
long-term structural durability [13, 14].

This study explores the use of concrete made
with sea sand seawater, utilizing OPC and PPC
as binders, combined with the addition of zeolite
powder at varying concentrations (5%, 7.5%, and
10%). The primary objective is to reduce the over-
exploitation of river sand in concrete construction
by introducing sea sand as a sustainable alterna-
tive, while also leveraging the natural zeolite re-
sources abundant in Aceh Province. Specifically,
the study investigates the effects of zeolite addition
on the compressive strength and durability of con-
crete produced with OPC and PPC, identifying the
optimal zeolite content from the tested variations.

MATERIALS AND METHODS

Materials

This study used ordinary portland cement
(OPC) and portland pozzolan cement (PPC), or
Type 1l cement, produced by PT solusi bangun
andalas (SBA) operating in Lhoknga, Aceh Besar.
These cements were chosen for their resistance
to sulfate, chloride, and alkali, making them suit-
able for aggressive environments. Sea sand, ob-
tained from the Pasir Putih Lhok Mee beach in
Aceh Besar, was used as fine aggregate and tested
according to ASTM C1585-13 (2013) and ASTM
C20 (2017). Coarse aggregate, in the form of
crushed stone, was sourced from a stone crusher

in Indrapuri, Aceh Besar. The chemical compo-
sition of the sea sand was analyzed using XRF.
Seawater, which aids in the binding process of the
concrete mixture, was collected from the same lo-
cation as the sea sand. Natural zeolite from the
Aceh Besar mountains was used as an additive.
The chemical composition of the zeolite was ana-
lyzed using XRF, while the mineralogical char-
acteristics of the OPC and PPC were determined
based on SNI 15-2049-2004.

Concrete mixture methodology

In this study, the concrete mix was prepared
using sea sand seawater, comparing two types of
cement (OPC and PPC) with the addition of zeolite
powder. The aggregates consisted of fine aggregate
(sea sand) and coarse aggregate (crushed stone),
both of which met the required specifications for
concrete based on physical property tests. The fine
aggregate had a fineness modulus ranging from
1.5 to 3.8, while the coarse aggregate had a size
distribution between 5.0 and 8.0 mm. The particle
gradation of the aggregates was determined using
sieves ranging from No. 25 to No. 0.15 mm, with
the results shown in Figure 1. The physical prop-
erties of the aggregates and the XRF analysis of
the sea sand are presented in Tables 1 and 2. XRF
characterization revealed that the sea sand contains
silica (Si0O2) and calcium oxide (CaO), which are
key components in cement production and confirm
its suitability for use in concrete mixtures. The
chemical composition of the seawater indicated a
pH of 7.96, which falls within the acceptable range
for concrete mixes (7-8), as outlined in Table 3.
Natural zeolite powder was incorporated into the
concrete mix in varying proportions of 0%, 5%,
7.5%, and 10% by weight of cement. The zeolite
was processed into a 200-mesh powder through
grinding and heating at 200 °C for 6 hours. The
particle size distribution of the zeolite powder was
analyzed using Particle Size Analysis (PSA), yield-
ing favorable results. The SiO. and Al:Os content
in the zeolite powder was particularly high. A com-
parison of the chemical composition of the zeolite
powder, OPC, and PPC, as determined by XREF, is
presented in Table 4. The complete process for pre-
paring the zeolite powder is illustrated in Figure 1.

Mix design

This study used the concrete mix design meth-
od according to the american concrete institute

265



Journal of Ecological Engineering 2025, 26(4), 264-274

100

90

80

70

60

50
40

30
20

Percentage passing through sieve (%)

Sieve size distribution (mm)

esfifssZ0ne | e=fll==Zo0ne 2 ==k Cumulative aggregate mix analysis ==@==Zone 3

Figure 1. Particle gradation of the aggregates determined using sieves ranging from No. 25 to No. 0.15 mm

Table 1. Physical properties of aggregates

Physical property Coarse aggregate (Gravel) Fine aggregate (Sand)
Maximum size 254 mm Fine sea sand
Specific gravity (saturated surface dry - SSD) 2.717 2.716
Specific gravity (oven-dry - OD) 2.695 2.668
Absorption 0.825% 1.798%
Bulk density 1.554 kg/m? 1.637 kg/m?
Fineness modulus (FM) 6.842 2.285

Table 2. XRF Analysis of the chemical composition of sea sand

Wt. (%
Composition - (%) -
Lol | sio, | ALO, | Fe,0, | CaO | Mg0 | SO, | Na,0 | KO | TiO, | P,O, |Mn,0,
Seasand | 6.47 | 4149 | 124 | 047 | 4762 | 415 | 0.81 | 026 | 006 | 0.03 | 001 | 0.02
Table 3. River water and seawater data cement variation consisted of four groups for com-
Sample pressive strength testing and four groups for con-
Indicator .- . . . .
Sea water (Lhok Mee) crete durability testing. The mix design process in-
oH 7.96 cluded determining the water-cement ratio, select-
Conductivity (ms/cm) 577 ing'aggregates, and adjusting the.slump to achieve
Fe (ppm) 0.04 optimal concrete performance (Figure 2).
Ca-hardness (ppm) trace
Total hardness (ppm) trace Preparation of specimens

(ACI) standards. Two types of cement were used:
ordinary portland cement (OPC) and portland poz-
zolan cement (PPC). Zeolite powder was added as
a cement substitute at varying proportions of 0%,
5%, 7.5%, and 10% by weight of cement. Each
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The test specimens for compressive strength
and durability were cubic, with dimensions of 150
x 150 x 150 mm, in accordance with ASTM C109-
17 standards. After 24 hours, the specimens were
removed from the molds and immersed in seawater
for curing periods of 14, 28, and 56 days to assess
compressive strength. Additionally, the specimens
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Table 4. Chemical composition of OPC and PPC cement in weight percentage

Composition Zeolite (%wt.) OPC cement (%wt.) PPC cement (%wt.)
LOI 13.51 - -
SiO, 69.55 213 223

AlL,O3 9.93 6.0 47
Fe,03 0.75 2.7 43
CaOo 2.95 63.2 63.1
MgO 0.73 2.9 25
SO; 0.05 1.8 1.7
Na,O 0.96 - -
K,O 2.31 - -
TiO, 0.09 - -
P05 0.02 - -
Mn,O3 0.02 - -

Zeolite drying at  Zeolite
200°C powder

Figure 2. Preparation process of zeolite from natural form to powder

were exposed to a Na2SOs solution for 30, 60, and
90 days, with the solution being replaced every
30 days to maintain consistent concentration and
evaluate the concrete’s durability. Absorption tests
were conducted on the specimens after 56 days of
immersion to measure their absorption rate.

Compressive strength test

The compressive strength test was conducted in
accordance with ASTM C39/C39M standards using
a compressive strength testing machine (Ton Indus-
trimodel No. 2547/14/1970) with a capacity of 1500
KN. The cube specimens were placed horizontally
on the testing machine, and load was applied gradu-
ally until the specimen failed. Compressive strength
testing was performed on cube specimens with
dimensions of 150 x 150 x 150 mm, divided into
eight groups based on cement type. The variations

in test specimens for compressive strength testing
are presented in Table 5. The corresponding pres-
sure changes were recorded and used to calculate
the compressive strength using the formula:

P
re=3 (M)

where: P — maximum load from the testing ma-
chine (tons), A — cross-sectional area un-
der pressure (mm?), f'c — compressive
strength (Mpa).

Durability strength test

Durability test of concrete specimens im-
mersed in a 5% Na>SO. sulfate solution for 30,
60, and 90 days aimed to assess the concrete’s
resistance to sulfate ions, which can potentially
damage the concrete structure. The test involved
monitoring the changes in strength of concrete
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Table 5. Compressive strength concrete samples and corresponding codes

Variation of sample Code
Compressive strength - OPC cement, normal sand normal water, no zeolite (control variable) CO_N
Compressive strength - OPC cement, sea sand sea water, no zeolite CO_z0
Compressive strength - OPC cement, sea sand sea water, 5% zeolite CO_z5
Compressive strength - OPC cement, sea sand sea water, 7.5% zeolite CO_z75
Compressive strength - OPC cement, sea sand sea water, 10% zeolite CO_z10
Compressive strength - PPC cement, sea sand sea water, no zeolite CP_z0
Compressive strength - PPC cement, sea sand sea water, 5% zeolite CP_z5
Compressive strength - PPC cement, sea sand sea water, 7.5% zeolite CP_z7.5
Compressive strength - PPC cement, sea sand sea water, 10% zeolite CP_z10

incorporating zeolite powder, using the same
specimen dimensions and compressive strength
testing machine as in the compressive strength
test. After the test periods were completed, an
SEM-EDS analysis was performed to evaluate
the chemical composition of the concrete affected
by immersion in the sulfate solution. The durabil-
ity testing was also divided into eight groups of
specimens, with variations presented in Table 6.

Absorption test

The absorption test was conducted on con-
crete specimens in the form of 150x150x150 mm
cubes to measure the water absorption rate of the
concrete, which can indicate the quality and dura-
bility of the concrete against moisture. The speci-
mens were immersed in seawater for 56 days. The
procedure for calculating water absorption, based
on ASTM C642, is as follows:

Absorbtion = ? x 100% (2)

where: D is the dry weight of the specimen (kg),
W is the weight of the specimen after im-
mersion (kg).

Table 6. Sample of durability strenght concrete and code

RESULT AND DISCUSSION

Compressive strength of concrete with OPC
and PPC cement

The data analysis in Figure 3 shows that con-
crete with OPC generally exhibits higher initial
strength compared to concrete made with PPC ce-
ment [15]. he addition of zeolite to OPC concrete
results in a significant strength improvement, par-
ticularly at 28 days of curing. This indicates that
zeolite plays a crucial role in enhancing the bond
between concrete particles [16]. However, the de-
crease in strength at later ages is likely attributed to
factors such as microcracking and the influence of
aggressive environmental conditions [17]. Ata 10%
zeolite concentration, the concrete strength actually
increased at 56 days [18]. This can be attributed
to the denser pore filling at higher concentrations,
which enhances resistance to seawater penetration
and slows the degradation process [19, 20].

For PPC-based concrete, there is a consistent
trend of strength improvement with increasing ze-
olite concentration and curing age [21]. This can
be explained by the ongoing pozzolanic reaction

Variation of sample Code
Durability - OPC cement, normal sand normal water, no zeolite (control variable) DO_N
Durability - OPC cement, sea sand sea water, no zeolite DO_z0
Durability - OPC cement, sea sand sea water, 5% zeolite DO_z5
Durability - OPC cement, sea sand sea water, 7.5% zeolite DO_z7.5
Durability - OPC cement, sea sand sea water, 10% zeolite DO_z10
Durability - PPC cement, sea sand sea water, no zeolite DP_Z0
Durability - PPC cement, sea sand sea water, 5% zeolite DP_Z5
Durability - PPC cement, sea sand sea water, 7.5% zeolite DP_Z7.5
Durability - PPC cement, sea sand sea water, 10% zeolite DP_z10
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Figure 3. Comparison of compressive strength of OPC and PPC cement concrete with sea sand seawater

mechanism. As the zeolite concentration increas-
es, more material is available to react with calcium
hydroxide, resulting in the formation of addition-
al calcium silicate hydrate (C-S-H) gel [22, 23].
Over time, the pozzolanic reaction continues, pro-
ducing more C-S-H gel and gradually enhancing
the concrete’s strength. The combination of PPC
cement and zeolite provides a synergistic effect
that significantly improves both the strength and
durability of concrete, especially in aggressive en-
vironments such as seawater [13, 24].

Compressive strength of normal concrete
with OPC and PPC cements at optimal zeolite
content

The compressive strength values of the con-
crete were measured at 56 days of immersion
to represent the long-term effects on sea sand
concrete exposed to seawater, using OPC and
PPC cements with optimal zeolite content. Fig-
ure 4 shows that the compressive strength of sea
sand concrete with seawater and PPC cement
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b— — [}) (3] w v -
o (9] [=} (72} o L (=}

(%4
ilias
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CP 710
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Figure 4. Comparison of compressive strength of normal concrete, OPC, and PPC at optimal zeolite content

269



Journal of Ecological Engineering 2025, 26(4), 264-274

increased with the addition of zeolite (5%, 7.5%,
and 10%) and longer curing times (14, 28, and 56
days) [25]. The addition of zeolite helps improve
the bond between the cement paste and the sea
sand aggregates, which have high salt content and
irregular particles [19].

For comparison, concrete specimens were
tested at 56 days of immersion using both OPC
and PPC cements with optimal zeolite content. The
use of two different types of cement in concrete
made with sea sand seawater demonstrated vary-
ing effects on the compressive strength. Figure 4
shows that for concrete with OPC, the addition of
10% zeolite (SOPC_Z10%) resulted in a 3.62%
increase in compressive strength compared to nor-
mal concrete, indicating that this combination ef-
fectively enhances the concrete’s strength [26]. In
contrast, for PPC-based concrete with 10% zeolite
(CP_Z10), the compressive strength decreased by
13.01% [27]. These performance differences sug-
gest that OPC is more effective than PPC in im-
proving the strength of sea sand concrete exposed
to seawater. This can be attributed to the superior
hydration characteristics of OPC, while the higher
pozzolanic content of PPC may alter the chemi-
cal properties of the mixture, such as increasing
the risk of alkali-silica reactions or reducing op-
timal hydration [13]. Overall, the type of cement
used has a significant impact on the performance
of concrete, particularly when using sea sand and
seawater as the primary materials.

40

Durability of OPC and PPC concrete in sulfate-
exposure environments

PPC cement concrete with sea sand and sea-
water exhibits better long-term durability com-
pared to OPC, especially in aggressive environ-
ments such as sulfate exposure [13, 28]. The ad-
dition of zeolite to both OPC and PPC concrete
significantly improves durability, with the best
results observed at 7.5% zeolite for OPC and 10%
for PPC as depict in Figure 5. In the case of OPC,
the addition of 7.5% zeolite optimally reduces the
porosity of the concrete through a reaction with
calcium hydroxide, although durability slightly
decreases after 90 days of immersion [4]. Con-
versely, PPC concrete with 10% zeolite demon-
strates improved durability even after 90 days of
immersion, making it an excellent choice for con-
crete applications in sulfate-rich environments.

Compressive strength of normal concrete
with OPC and PPC cements at optimal zeolite
content

A comparison of the durability of normal con-
crete, OPC, and PPC at optimal zeolite content is
illustrated in Figure 6. The addition of 10% zeo-
lite powder to PCC concrete mixed with sea sand
and seawater significantly enhanced durability.
The impact of zeolite in sea sand and seawater
concrete varies depending on the type of cement
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Figure 5. Comparison of durability of OPC and PPC cement concrete with sea sand seawater
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used. Concrete made with OPC and 7.5% zeolite
(DO_Z7.5) showed a slight durability increase of
0.84%, indicating that the combination of OPC
cement and zeolite can enhance the concrete’s re-
sistance to sulfate solutions, though the impact is
not substantially significant [20]. This improve-
ment is likely due to the high reactivity of OPC
cement, which responds effectively to additives
like zeolite, helping reduce the negative effects of
sulfate content in sea sand and seawater [29].
However, concrete made with PCC and 10%
zeolite (DP_Z10) exhibited a durability decrease
of -0.59%. This reduction may result from the
mismatch between the high proportion of zeolite
and the characteristics of PCC cement or the less-
than-optimal interaction between zeolite and the
pozzolanic materials in PCC. Additionally, the

adverse impact of sea sand and seawater, contain-
ing chlorides and sulfates, could compromise the
quality of the concrete, especially when the added
zeolite amount is not optimal. Nevertheless, PCC
cement still demonstrated superiority in long-term
durability, with improved resistance over extended
immersion periods, although the negative effects
of sea sand and seawater remain evident [30].

Absorption in aggressive environments

The addition of zeolite significantly reduced
the sea water absorption values of concrete, for
both OPC and PPC cement types [31] as shown
in Figure 7. Zeolite functions by filling the pores
within the concrete, thereby decreasing void spaces
that could absorb water. Concrete made with PPC

Durability (MPa)

111010

DO N

DO _Z10

DP_Z10

Variety of Cement and Zeolite Concentration

#DO_N

mDO Z10

=DP Z10

Figure 6. Comparison of durability of normal concrete, OPC, and PPC at optimal zeolite content

Absorption (%)

Zeolite Concentration (%)

# OPC Cement

@ PPC Cement

Figure 7. Comparison of water absorption values for OPC and PPC concrete with varying zeolite concentrations
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Figure 8. SEM-EDS results for durability of sea sand sea water concrete with OPC and PPC cement

cement exhibited lower absorption rates compared
to OPC, with a significant difference of 19.54% at
a 10% zeolite concentration. This is attributed to
the hydration characteristics of PPC cement, which
produces a denser cement paste, thereby reducing
the porosity of the concrete. Consequently, PPC
cement is more suitable for concrete applications
requiring resistance to aggressive environments,
such as seawater exposure [25].

SEM-EDS analysis

The chemical composition comparison of the
durability of sea sand seawater concrete using
OPC and PPC cement after 90 days of immersion
in sulfate solution is shown in Figure 8. SEM-EDS
analysis of OPC concrete with sea sand and sea-
water revealed fluctuations in the contents of O,
Ca, and Si across different zeolite concentrations.
The higher carbon content in concrete with 7.5%
zeolite contributes to enhanced durability through
the formation of calcium carbonate [32, 33]. How-
ever, a decrease in durability was observed in con-
crete with 10% zeolite, likely due to a reduction
in carbon content and an increase in chloride lev-
els [34]. For PPC concrete, similar fluctuations in
elemental content were observed. Concrete with
10% zeolite exhibited the highest durability, de-
spite lower levels of O, Ca, and Si. The significant
increase in carbon content indicates the formation
of carbonates, which improves resistance to acids.
The denser C-S-H structure and better pore filling
in this concrete effectively inhibit sulfate ion pen-
etration, thereby enhancing durability [35].
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CONCLUSIONS

This study investigated the strength of con-
crete made with seawater-sea sand using PPC
and OPC cement with varying levels of zeolite
powder. Durability was tested by immersing the
concrete in a 5% Na>SOs solution. The results in-
dicate the following:

1. Concrete made with sea sand seawater showed
a significant increase in compressive strength
at 10% zeolite, particularly at 56 days, contrib-
uting to long-term strength.

2. Type II cement (PPC) with 10% zeolite im-
proved the durability and strength of the con-
crete, as observed at 30, 60, and 90 days.

3. OPC with 10% zeolite enhanced concrete re-
sistance to water and chloride ion penetration,
thus strengthening its durability.

4. SEM-EDS analysis showed that zeolite increased
carbon content in the concrete, improving durabil-
ity through calcium carbonate formation.

5. The use of sea sand and zeolite as alternative
concrete materials has potential to reduce the
environmental impact of river sand exploitation.
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