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ABSTRACT

Calcium carbonate and its derivatives are used broadly in the cement and
construction industry. It hereby provides a reasonable and active solution for
reducing the earth’s carbon footprint. In the current work precipitated CaCOs
(PCC) particles are prepared by precipitation technique, characterized, and
added to cement at different concentrations (0.076-0.92) wt. % of cement, and
w/c ratio: 0.36-0.50. The fresh cement composites were tested for setting time
and temperature rise during the early hydration stage, and the hardened
composites for compressive strength, density, and water absorption. The results
obtained showed that at a constant w/c ratio increasing the content of the PCC
up to 0.25 leads to an increase in the initial setting time, density, and
compressive strength. However, more PCC content has negative effects on the
properties. Increasing the w/c ratio increased the setting time and water
absorption of the composites. Low concentrations of PCC lead to a decrease in
the tendency of water absorption, while high concentrations showed diverse
effects. At a constant w/c ratio, samples with PCC content (0.92 and 0.076 wt.
%) showed temperature rising at about 25 and 75 minutes respectively after
batching, while the control samples showed the temperature rising at about 105
minutes. The observations confirmed that the hydration reaction of both the
control and cement composite samples incorporated with PCC are exothermic,
and the PCC particles have a positive impact on the hydration rate. Overall,
the incorporation of PCC in cement at appropriate concentration and w/c ratio
contributes to obtaining strong and durable cement composite for structural
applications.

© 2026 Published by Faculty of Engineering

1. INTRODUCTION

of cementing materials including Pozzolans (Robalo et
al., 2021) and nanomaterials have been used to improve

Compared to stone and steel, concrete is considered a concrete  mechanical properties and  durability
newer construction material. It has been worldwide used characteristics (Kamal et al., 2021), (Goel et al., 2022).
for more than one century. Nevertheless, a broad range Calcium Carbonate (CaCOs) obtained directly by
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grinding limestone has been previously put under
examination as a significant partial replacement for
cement (Ali et al.,, 2015), (EI Mendili & Benzaama,
2022), (Abed et al., 2023). However, powdered limestone
is not a pozzolan and reduces compressive strength at
higher doses. On the other hand, precipitated calcium
carbonate of high purity and a specific crystal
morphology could be used in the production of
sustainable cement that provides swift comprehensive
municipal development without the related emissions of
cement manufacturing (Sawara et al., 2002), in addition,
nano-calcium carbonate showed more significant effect
on the hydration process, workability, strength, and
durability properties of cementitious composites
(Erdogan & Eken, 2017), (Muhsin & Fawzi, 2021). In
addition, in massive concrete structures, the temperature
alterations within the structure are substantial.
Principally, the maximum temperature differential
between the interior and exterior concrete should not
surpass 20°C to avoid crack growth (Van Tran et al.,
2023).

The current work aims to investigate the effect of the
incorporation of nano and micro CaCOgz on setting time
and temperature rise in fresh cement paste and on
compressive strength, density, and water absorption of
the hardened cement.

2. EXPERIMENTAL PART

2.1 Materials

The ordinary Portland cement used is with chemical and
physical properties conformed to Iraqi specifications and
matched Iraqi Standards (Iragi Standards, 2019). CaCl,,
Na,COs3, ethanol, and ethylene glycol were purchased
from Merk.

2.2 Preparation of the precipitated CaCO3 and
the experimental design

The precipitated CaCO3 was prepared by precipitation
technique following the method reported by Thapa et al.
(2017) with some modifications. Table 1 shows the
experimental design (10 experiments) with the actual
levels of the operating variables used to prepare the
cement composites. Other additional experiments were
carried out to achieve the required plots. The operating
variables investigated are the precipitated CaCO3 content
(% wt./ cement): 0.076-0.92, and the w/c ratio: 0.36-0.5.

Table 1. The experimental design and actual values of
the operating variables

Exp. |1* |2 3 4 5 6 7 8 9
No.

(wt.%) (0.5 [0.92 |0.08 |0.2 |0.8 |0.2 |0.8 |0.5 |05
PCC
wic 0.4 ]0.43 |10.43 |0.38 |0.48 |0.48 |0.38 |0.36 |0.50
*Repetition
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The fresh cement composites were tested for initial
setting time and the rise in temperature during the early
hydration stage (the first 4 hours directly after batching).
The mixes were at adiabatic conditions during the test.
The laboratory air temperature was 20-23°C. The
hardened properties were tested for the dried cubes of age
28 days for compressive strength density and water
absorption. Moreover, the morphology of the cement
composites was evaluated using SEM.

3. RESULTS AND DISCUSSION

3.1 Characterization of PCC and the Cement
Composites

The characterization of the PCC is shown in Figure 1.
The XRF analysis of PCC samples is presented in Figure
1 a. The results confirmed that the PCC contains mainly
CaCO3 (56.86% Cao) and small amounts of SiO2
(2.67%), Fe203 (0.25%), and other impurities.
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The results of X-ray diffraction are presented in Figure 1
b. The crystal structure of synthesized PCC shows that
angles from 10 to 70 ° . The diffraction data obtained
predicted that the precipitate consists of a mixture of both
vaterite and calcite were the most predominant
polymorphs produced. The SEM shows that the PCC
particles exhibited a spherical shape and good dispersal.
diameter of about 2 pum. Meanwhile, some small
nanocrystals can also be observed in Figures 1 c. The two
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occurring mineral phases, vaterite, and calcite, can
clearly be distinguished by their characteristic
morphologies. Vaterite can be recognized as framboidal
spheres while calcite forms rhombohedral crystallites
(Nebel et al., 2008). A considerable phase ratio for the
tested samples is the framboidal spheres which are
typical for vaterite (Schmidt et al., 2010).

3.2. Analysis of the experimental results

Figure 2 shows the variation of the initial setting time
versus the PCC content.

The Figure showed that increasing the content of the PCC
up to 0.25 leads to an increase in the initial setting time
owing to the slower rate of the hydration process. Higher
concentrations of the PCC exceeded 0.25 wt. % provide
large reactive surfaces, which may act as a nucleation site
and thereby stimulate nucleation reactions of hydration
phase nuclei on their surface. Figure 3 shows the
variation of the initial setting time with the w/c ratio. The
setting time increases with the increase of the
water/cement ratio. This may be attributed to that when
the w/c ratio increases, the concentration of cementing
material decreases, and the possibility of producing a
greater gelling structure in the hydration reaction of
slurry becomes small, so there will be a delay in cement
set.
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Figure 2. The variation of the initial setting time of
cement composites (w/c =0.43) versus the PCC content
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Figure 3. The initial setting time of cement composites
(PCC content = 0.5 wt.%) as a function of wi/c ratio

At the same time, the cement mixtures were tested for
temperature variation during the early ages. Figure 4
shows the results from such a simple mock-up. It is

noticed that at the early period, the temperature of the
control sample showed a sharp and small rise then a
steady decline stage followed by a sharp increase in
temperature at about 105 minutes after batching, reaching
a maximum increase at 210 minutes.
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Figure 4. Temperature rises profiles for control and
cement composites with different PCC content (wi/c
ratio is 0.43)

The cement composite with PCC showed different
behaviour, samples with high PCC content (0.92 wt. %)
showed the temperature rising at about 25 minutes after
batching, while the samples with low PCC content (0.076
w.%) showed the temperature rising at about 75 minutes.
The observations confirmed that the hydration reaction of
both the control and with PCC are exothermic, and the
PCC particles have a positive impact on the hydration
rate and that impact became more effective with
increasing the PCC content. The decline in sample
temperature for the cement composites with PCC at the
very early period may be related to the higher capacity of
the PCC particles to dissipate the reaction temperature
compared to cement constituents (Persson, 2023).

3.3. Analysis of the hardened properties

Figure 5 illustrates the trend of variation in the
compressive strength of the cement composites with PCC
wt.%. In the presence of water, calcium ions from PCC
react with the silicate ions in cement to form calcium
silicate hydrate, which is a gel-like substance that reacts
with the surrounding cement particles to form a more
rigid, crystalline structure that gives strength and
durability to the final product.

Compressive strength (MPa)
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Figure 5. Compressive strength of cement composites
(w/c=0.43) as a function of PCC content
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The reaction is represented in the following equation:

CaCOs + 25i0; + 6H,0 -----> Ca?* + COa% + 2Si (OH)q
+ 4H" (1)

However, too much calcium carbonate can have negative
effects, so it is important to use the correct proportions of
PCC and cement for any given application.

The same trend is observed for the density variation with
PCC wt.% as illustrated in Figure 6, the density increases
with the incorporation of the PCC up to 0.25 wt. %, then
decreases beyond that as seen in Figure 6. Increasing the
concentration of the PCC may lead to agglomeration
of the fine PCC particles. The large agglomerates push
away the cement particles around them, increasing the
void space, and thereby decreasing the compressive
strength as well as the density (Al Ghabban et al., 2018).
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Figure 6. Density of cement composites (w/c= 0.43) as
a function of PCC content

The water absorption test revealed that the cement
composites incorporated with PCC generally exhibit a
reduction in water absorption compared to control mixes
as shown in Figure 7. The low water absorption values
are attributed to the more compact and denser
microstructure of the composites resulting from filling
the pores with more hydration that contributes to the
reduction of water absorption and hence, the durability of
the composite. However, high contents of PCC particles
were found to increase the water absorption capacity of
the cement composites. The reason may be attributed to
the agglomeration of the fine PCC particles. The large
agglomerates drive away the cement particles around
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them, resulting in an increase in the void space, thus
water absorption increases.
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Figure 7. Water absorption % for a control sample and
a sample incorporated with PCC

4. CONCLUSIONS

Increasing the earth’s carbon footprint from cement and
construction industry is well demonstrated. The
challenge can be effectively solved by using different
ways including decreasing the amount of the cement and
using the appropriate type and content of additives.
Calcium carbonate is one of the additives that subsidise
to overcome some of the challenges face concrete
sustainability. The current work used precipitated CaCO3
(PCC) nparticles as cement additive. The results
confirmed that using PCC in cement can contribute to
decreasing the amount of cement used as well as
modifying the cement properties. The incorporation of an
optimum PCC particle content (0.25 wt.%) increased the
initial setting time, density, and compressive strength and
decreased water absorption. However, the development
of the properties is affected by the wic ratio. These factors
showed a vital role in controlling the hydration reaction
rate and the amounts of cement hydrates produced.
Therefore, optimization of these factors is essential in the
production of strong and durable cement composites
incorporated with precipitated CaCO; particles for
construction applications. Studying other durability
properties and using the precipitated CaCO3 particles in
cement mortar and concrete is one of our upcoming
research interests.
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