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ABSTRACT

The worldwide construction industry has recognized the necessity for lightweight building
materials that are flexible, high-performance, and environmentally friendly. In response to
this need, lightweight foamed concrete (LFC) is being proposed. In concrete, nanoparticles
are utilized for their beneficial effects, such as their small particle size and high reactivity,
which improve the strength of concrete. In this study, foam concrete block waste was used
as a partial substitute for cement in the manufacture of foamed concrete. The experimental
program was done by preparing finally ground foam concrete wastes by using specific
machines to produce particles similar to cement particles. The replacement ratios are (0, 10,
20, and 30) % by weight of cement and the TiOz ratio was 0.5% for all mixes. The mechanical
properties, including compressive and tensile splitting strength, were examined at 7 and 28
days. Results indicate that FCBW decreases mechanical and durability properties due to
increased porosity and reduced cement content at higher replacement levels. The findings
show that adding more FCBW lowers compressive and tensile strengths, while mixes M1 and
M2 keep strength ratios near the reference mix. However, a mix containing 10% FCBW and
0.5% nano-TiO2 offers a promising mechanical performance.

Keywords Foam concrete, Nano-materials, Compressive strength.
1. INTRODUCTION

One ton of carbon dioxide (CO,) is released during the production of one ton of clinker in
cement manufacturing; this accounts for 7% of global CO; releases (Hardjito and Rangan,
2005; Bisrya et al., 2015; Muhsin and Fawzi, 2021a). The decrease of carbon dioxide
released in the manufacturing of cement and the increase in recycling the wastes of
industries play a significant part in the pollution of the environment. The goal can be reached
by using a mixture of materials that are sustainable in the projects of civil engineering
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(Muhsin and Fawzi, 2021b; Hussin and Aljalawi, 2022). Foam concrete (FC), also known
as cellular concrete, is a mixture of mortar or cement paste that intentionally traps air voids
(Shah et al., 2021). Foam concrete is characterized by its lightweight, highness of
flowability, minimal use of aggregates, controlled low strength, and excellent thermal
insulation properties (Amran et al., 2015). Foam concrete can be produced with a wide
range of densities (400-1850 kg/m?®) for various applications, including structural,
partition, insulation and filling uses (Raj et al., 2019). Humans have been interested in low
self-weight and heat-isolating materials that were used in the past in Iraq, where history
began. People utilized various forms of plant and wood piles, including mud or plaster mixed
with rice husk and straw (Jssem and Fawzi, 2024; Hnaihen, 2020). Foam concrete can be
used in various building constructions. In the last 15 years, significant advancements have
been made in foamed concrete production techniques (Brdy et al., 2001). Foam concrete
has distinct properties that set it apart, including low weight, fluidity, thermal insulation
qualities, and effective acoustic. It can be produced by mixing stable foam. The foaming agent
solution was created separately by introducing air into it with a slurry (Zho etal., 2015). As
stated by the numerous studies on the materials conducted so far, the pore structure and
mechanical properties (density, water absorption, modulus of elasticity) of foam concrete
can be significantly affected by the performance of the foam (Hajimohamadi et al., 2018;
Hussin and Aljalawi, 2022). Also, utilizing remanufactured foam or surfactants can form a
permeable microstructure in the concrete mixture, enabling air bubbles to be trapped. This
process is known as Cellular Lightweight Concrete construction (Jain et al., 2019). Foamed
concrete, like regular concrete, requires cement and sand for production, which raises
concerns about sustainability and environmental impact (Gau et al.,, 2015; Momin et al.,
2020). Substituting cement and sand with alternative materials can help address the stated
matters and shift the building industry towards sustainability. Utilizing waste materials as
substitutes for traditional concrete components like cement and sand is a widely used
approach in this context (Mo et al.,, 2016; Thomas, 2018). Such waste is abundantly
accessible worldwide, including industrial, agricultural, municipal, and building industry
waste. The traditional methods for managing waste involve either dumping it or recycling it.
Dumping waste through landfills or incineration is expensive, and it also poses
environmental and health risks. Landfills can generate liquid waste, and very risky gas, all of
which can have an impact on the surface vegetation and contribute to greenhouse gas
emissions. Whereas the incineration method causes gas pollutants, which are detrimental to
the environment (Abdl-shafy and Mansur, 2018; Babfemi et al.,, 2018; Feronato and
Torreta, 2019). Nanotechnology is a vital field of science involving manipulating and
creating nanometer-scale materials. Nanomaterials are materials in which at least one
dimension of the atoms or molecules is less than 100 nm in size (Mahdy, 2016).
Nanoparticles have demonstrated their efficiency of these substances in various fields is
attributed to their unique chemical and physical characteristics. (Hasen and Tuama, 2023).
Nanoparticles can be categorized based on their size, shape, composition, consistency, and
tendency to clump together (Chokkareddy and Redhi, 2018). Moreover, substances can
be primarily classified as organic or non-organic. Nanoparticles have demonstrated their
effectiveness in diverse fields due to their unique chemical and physical characteristics.
Consequently, nanotechnology holds promise as a valuable tool to address the challenges
and offer necessary support in various applications. Designing and developing new and
innovative material properties at the nanoscale will pave the way for new applications and
solutions (Kianfar et al,, 2020). Nanoparticles have garnered increasing attention in recent
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years, and various types have been incorporated into concrete mixtures to enhance both the

=

mechanical and physical properties of concrete (Salab and Assistant, 2016).

In this study, nano titanium dioxide (TiO2) will be used to study its effect on the mechanical
properties (compressive and tensile strength) and durability properties (sorptivity and
carbonation) of foamed concrete containing partial cement replacement ratios of finely

ground foam concrete blocks.

2. EXPERIMENTAL WORK
2.1 Materials

2.1.1 Cement

OPC (CEM I, 42.5R) by Iraqi standards. (IQS No.5, 2019) was utilized. Tables 1

and 2 show chemical and physical components.

Table 1. Cement chemical composition.

Oxide Composition

wt% | Limits of (IQS No.5, 2019)

Lime (Ca0) 63.32 | -----

Iron Oxide (Fe203) 416 | -----

Alumina (AL203) 522 | -----

Silica (Si02) 19.84 | -----

insoluble residue(IR) 0.63 | max(1.5)
Magnisum oxide(MgO) 2.81 | max (5)

loss of ignition(lol) 2.77 | max (4)
sulfate(S03) 2.39 | 2.8ifC3A>3.5

2.5if C3A<3.5

*Main Compounds of Cement

Titra calcium C3S 58.84 | ---
dicalcium silicateC2S 13.2 | ---
tricalcium aluminateC3A 6.7 ---

Tetracalcium aluminate-FferriteC4AF 12.91

Table 2. Physical characteristics of the (OPC).

Propriety Test Results Limits of (IQS No.5, 2019)
The soundness using autoclave (%) 0.16 <0.80
Initial setting(Vicat's approach) 131 min = 45 min
Final setting(Vicat's method) 259 min < 600min
Comp. Strength (MPa)
Comp. Strength (2) days 26 =20
Comp. Strength (28) days 46 =425

2.1.2 Fine Aggregates

The concrete mixes used natural sand as fine aggregates. The physical and chemical
properties of the fine aggregates are presented in Table 3. The test results show that the
sand grading falls within the limits set by the (IQS No.45, 2019) and is categorized in zone

4.
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Table 3. Fine aggregate sieve analysis.

Sieve number Passing accumulative% (1QS) zone four
10 100 100

4.75 95 89_100

3 83 74.100
1.18 67 5490

0.6 55 34 59

0.3 13 7_30

0.15 4 0_10

2.1.3 Foaming Agent

Foaming agent for cellular concrete, confirming the American Society of Testing Materials
requirements (ASTM C796-97,1997) was utilized to produce LWC by entraining a controlled
amount of air bubbles into the concrete mix. The foaming agent used in this study is protein-
based.

2.1.4 Water
The water used for the mixes is confirmed (IQS 1703, 2018)
2.1.5 Foam Concrete Block Waste

The process of crushing foam concrete block waste involves three stages to achieve the
desired particle size. Firstly, the waste is manually crushed by hand to break the larger
portions of the waste into smaller, more manageable pieces. This prepares the material for
further mechanical processing. Secondly, the partially crushed waste is subjected to the Los
Angeles machine, which applies rotational impact and abrasion forces to further reduce the
material’s particle size, ensuring a more uniform size distribution. Finally, in the third stage,
the material is passed through a ring mill for finer crushing, producing a consistent and well-
graded particle size suitable for use as a partial cement replacement.

2.1.6 Nano Titanium Dioxide

A white powder of nano-TiOz in an amorphous form with an average particle size of 20 nm,
and a specific surface area of 122.17 m? /g. shows the nano titanium dioxide used in this
study. (0.5%) by cement weight of nano-Tio2z was added; this ratio was implemented to avoid
increasing costs.

2.2 Mix Proportions

The mixes were created with a wet density of 1000 kg/m3 and a dry density of 900 kg/m3.
The water-binder ratio was 0.45, and the sand-binder ratio was 1:1.3. Four mixes were made
with different amounts (0%, 10%, 20% and 30%) of foam concrete block waste (FCBW) used
as a partial substitution for cement to find the best amount of cement replacement.
Additionally, nano-Tioz materials were added at a ratio of 0.5% by weight of the cement to
enhance the properties of the foam concrete.
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2.3 Mixing Procedure and Curing

Mixing was done using a power-driven paddle mixer with a maximum capacity of 0.25m3
and a speed of 40 rpm. To prepare the preformed foam, the foaming agent is diluted in water.
Before mixing, the diluted mixture is aerated using a port foam foaming machine to produce
stable foam with a density of 68 kg/m3. The base mortar mix is prepared by combining the
binder, filler materials, and water with the nano-titanium dosage. Water is gradually added
to the mix until the desired consistency is reached, following the technique from (Al-Mulali,
2015). The foam quantity is calculated and added gradually to the base mix until a
homogeneous foamed concrete mix is obtained with a wet density of 1000kg/m3 +3%. The
density of the foamed concrete mixture is determined by weighing a one-liter cup of the fresh
mix. Once the required plastic density is achieved, the foamed concrete is poured into the
molds. The molds have been coated with vegetable oil to prevent any reaction with the
foamed concrete. Subsequently, the samples are covered in plastic sheets to avoid moisture
loss and left to dry for 24 hours. After the foamed concrete samples are hardened, they are
removed from the molds, weighed, and then wrapped with plastic cling film until the testing
age (Jones and McCarthy, 2005). The foam concrete mix constituents are shown in Table 5.

Table 5. Foamed concrete mix constituents

Mix Rep}:::air:ent Tlozlfadt(ii;tmn Cement Foam Block Sand Water
(by Weight) | (by Weighty | (&/m?) | waste (kg/m?) | (kg/m?) | (kg/m?)
Mc 0 0 365 0 475 165
M1 10% 0.5% 329 36 475 165
M2 20% 0.5% 292 73 475 165
M3 30% 0.5% 329 36 475 165

3. RESULTS AND DISCUSSION

3.1 Compressive Strength Test

This test was conducted on 100x100x100mm cubes using a compression test machine with
aloading rate of 0.1 kN/s according to (BS EN 12390-3, 2009a). The average of three cubes
was recorded for each test conducted at ages 7 and 28, as shown in Fig.1. The results are
shown in Fig. 2.

Figure 1. The test of compressive strength.
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Compressive strength Mpa
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Figure 2. Compressive strength at 7 and 28 days

The use of (FCBW) impacts compressive strength depending on the replacement ratio. At
lower replacement levels, the reduction in compressive strength is minimal due to the filler
effect of the waste material. However, at higher replacement ratios, the compressive
strength decreases more significantly due to the lower reactivity of the waste compared to
cement.

3.2 Splitting Tensile Strength Test

The tensile strength test was performed according to which 150x300mm cylindrical
specimens were used. They were tested using an electrical testing machine. This test was
conducted at 7 and 28 days as shown in Fig. 3. By (BS EN 12390-6, 2009b). The results are
shown in Fig. 4.

Figure 3. The test of splitting tensile strength

(FCBW) as a partial cement replacement affects the tensile strength of foam concrete
depending on the replacement ratio. Lower replacement levels have minimal impact on
tensile strength due to the filler effect, while higher ratios cause a noticeable decrease in
tensile strength, attributed to reduced cohesion and weaker bond strength in the matrix.
Optimal replacement ratios are necessary to maintain adequate tensile performance. Nano-
titanium dioxide significantly improves the tensile strength of foam concrete by enhancing
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the matrix microstructure and bridging microcracks. Its ability to improve the interfacial
transition zone and refine pore distribution leads to greater resistance to tensile forces,
making it an effective additive for enhancing foam concrete mechanical properties in
tension-related related.

0.6

W7 days W28 days

Tensile strength Mpa
©o o o o
N w ~ w

©
=

Mc M1 M2
Figure 4. Splitting tensile strength at 7 and 28 days

3.3 Sorptivity

The sorptivity test was conducted at the age of 28 days. Fig. 5. shows the readings achieved
for the four foamed concrete mixes. The figure shows that showed that sorptivity reading
increases with the increase of FCBW replacement levels, This means that the water intake
through the face immersed in water was too slow to be taken by the capillary pores. This test

was conducted By (ASTM C1585-13, 2013).

Time (sec.)

Figure 5. Sorptivity (mm) at 28 days.
4. CONCLUSIONS

The present study explores the possibility of using waste from foam concrete blocks as a
substitute for cement in foamed concrete mixes. This substitution has demonstrated
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significant potential for reducing energy consumption and costs in the production of foam
concrete. Furthermore, utilizing these waste blocks for foam concrete production is more
environmentally friendly compared to traditional concrete production. The compressive
and tensile splitting strengths decreased as the waste content increased. The mix with a 10%
replacement level showed a 5% lower strength compared to the control mix, while the mix
with a 20% replacement level showed a 10% lower strength. As age increased, the
compressive and tensile splitting strengths increased. Higher FCBW content results in
increased sorptivity readings. It appears that a greater FCBW content disrupts the pore
structure of the foamed concrete mix, thereby forming continuous pores. That’s led to the
durability decrease with the increase of replacement ratios. Adding 0.5% Nano-Tio2
enhances both compressive and tensile strength, demonstrating beneficial effects due to
their small particle size and high reactivity. A mix containing 10% FCBW and 0.5% nano-
TiO2 offers a promising mechanical performance.
The following points are some of the recommendations:
1- Investigate the possibility of partially replacing both cement and sand with FCBW in
creating environmentally friendly foam concrete.
2- Assess the cost-effectiveness of producing foam concrete with nano TiOz at an industrial
scale.
3- Study the effects of FCBW and nano-TiO2 on additional properties such as thermal
conductivity, acoustic insulation, and fire resistance.
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