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In the direction of sustainable development and
Reduction of greenhouse gases caused by Portland
cement production, scientists have introduced various
alternatives to traditional Portland cement, including
Geopolymers and Ferrock, which is made from recycled
materials and is carbon-negative, meaning it absorbs
carbon dioxide. As a result, it is considered an
environmentally  friendly  material.  Additionally,
incorporating Fibers into concrete can enhance its
compressive, tensile, and erosion resistance. This study
conducted experiments by adding Ferrock materials in
amounts ranging from 10% to 40% to a slag-based
geopolymer, using glass and polypropylene Fibers to
determine the optimal mix. The results indicated that the
compressive strength of samples containing Ferrock, and
hybrid Fibers increased by 26.6% over time compared to
samples without Fibers. It was also concluded that Glass
Fibers exhibit 84.6% greater impact load strength than
polypropylene Fibers at 0.5 percent and have a 23.1%
higher flexural strength in comparison to hybrid Fiber
samples.
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EXTENDED ABSTRACT

Introduction

Concrete is the second most widely used substance after water. However, due to the
presence of cement in its design, it is also the fourth largest producer of COz emissions.
Research indicates that cement production is projected to increase by 25% by 2050.
Notably, cement emits a significant amount of CO2 during its production process.
According to research from Mainz University, approximately 4.5 billion tons of cement
are produced annually, resulting in a CO2 footprint of 2.7 billion tons per year.
Considering this, many alternatives to Portland cement have been introduced such as
Geopolymers and Ferrock which is One of the innovative alternatives. Consequently, in
pursuit of sustainable development, scientists have worked tirelessly to reduce
greenhouse gas emissions. Several relevant studies are summarized in the table below.

Table 1. Literature review

Year Researcher(s) Review
1957 Joseph Davidovits Geopolymer was discovered
2002 David Stone Ferrock was first made using waste steel

dust and silica

Ferrock was found to be five times
stronger under compression than
2017 Lanuza, et al. Portland cement, and it also absorbs CO2.
However, substituting metakaolin for Fly
ash in the mix can increase emissions.

Carbon curing duration and air curing
duration were finalized to 4 days and 3

2020 Niveditha, et al. days respectively for Ferrock blended
concrete to achieve better compressive
strengths
The addition of Ferrock instead of cement
2020 Kavita Singh ata level of 15 percent results in

improved strength

The accepted reaction steps for the
Ferrock process are:

Fe + CO2 + H20 — FeCO3 + H2T.
2023 Agarwal and Jaysawal The optimal constituents for composing
Ferrock are: 60% iron powder, 20% Fly
ash, 10% limestone, 8% metakaolin, and

2% oxalic acid.

This study aims to identify the best ratio of Ferrock materials in Geopolymer
cement, supplemented with hybrid fibers such as glass and polypropylene fibers.

Methodology

The slag-based geopolymer samples were composed with a sand-to-cement ratio of
2,and a Si02/Na20 of 2, using a sodium hydroxide molarity of 10. Compression samples
were castinto 5 cm x 5 cm molds, flexural samples into 16 cm x 4 cm x 4 cm molds, and
the cylindrical samples into 15 cm x 30 cm molds. Specimens were prepared using slag,
washed sand aggregates that meet ASTM C33 guidelines, 6 mm polypropylene fibers,
and 6 mm chopped AR glass fibers. The Ferrock materials included: 45-micron iron
powder, fly ash, limestone, metakaolin, and oxalic acid in the ratios mentioned above in
table 1.
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The first step in testing the specimens was to determine the optimal mixing solution
for sodium hydroxide and Sodium silicate. After 7 days of air curing, the results
indicated that a ratio of 2 was the optimal solution. Subsequently, the second step
involved adding Ferrock materials to the mix at percentages of 10%, 20%, 30%, and
40%, followed by analysis after 7 days of curing under water and air. This time, the
compression results indicated that adding 20% Ferrock materials to the mix yielded the
best performance.

In the final step, glass and polypropylene fibers were added to the mix containing
20% Ferrock at varying percentages from 0% to 0.5% for each fiber type in mixes 1 to
6. The tests conducted in this step included compression strength tests, flexural
strength tests, water absorption tests, density measurements, electric resistance tests,
ultrasonic tests to determine static and dynamic modulus of elasticity and drop weight
impact tests. The final mix design is presented in table 2.

Table 2. final step mix design

Hydr Silicat Polyp
sla Ferro | . o oxide e Propo | Glass | ropyl
(g ck ( sodiu | sodiu rtion fibers ene
o
° ( m m of ( fibers
Ne # Name kg/ K kg/ Sio2 K
m3 g / m3 g /
) m kg, . |kg, /Naz m* | kg,
) m3 m3 0 ) m3
) ) )
1 Ggl;P 528 132 1320 88 176 2 0 13
2 %061:' 528 132 1320 88 176 2 0.9 10.4
3 (;Odzsp 528 132 1320 88 176 2 1.8 7.8
4 (.}’063213 528 132 1320 88 176 2 2.7 5.2
5 (?;)0641P 528 132 1320 88 176 2 3.6 2.6
6 G(l:);gp 528 132 1320 88 176 2 4.5 0

Results and discussion

The results from the final compressive strength tests indicated that using hybrid
glass-polypropylene fibers in the third mix increases strength by up to 26.6% as
compared to Ferrock samples without fibers. Additionally, it was concluded that
extending the curing period can increase strength. However, according to Niveditha, et
al more than 3 days of air curing can decrease the strength results. In the flexural
strength test results showed an increase in strength by adding 20% of Ferrock
materials. That is also critical to point out that Vijayan, et al thought that increasing
Ferrock percentage in the mix decreases the flexural strength. The next test was water
absorption which indicated good and durable quality for all the samples. The water
absorption rate was under 5%. The density of the third mix was denser than others,
which also indicates a better compressive strength as it was also seen in the
compression result. Although all the samples are acceptable according to Tahir, et al.
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The electric resistance test indicated that the first mix with 0.5% polypropylene fiber
and no glass fiber shows a better result which demonstrates that the first mix is

corrosion resistant. The ultrasonic pulse velocity was between 3.5 to 4.5 km/s , which
shows the good quality of the mix. Although the purpose of this test was to find the best
elasticity modulus. In this regard the sixth mix comes out to be the best, thanks to
having glass fibers instead of polypropylene fibers. For the impact test, cylindrical
specimens were cut out to 15 cm x 6.5 cm. The results demonstrated that the increase
of glass fibers can make the specimens stronger against impact load.

Conclusion
Based on the results from 7 tests on 78 specimens, the following conclusions can be made:

v

A N

The addition of Ferrock materials in the second step did not show any
improvement as compared to the first step.

In the final step, 20% of Ferrock increased strength at length.

Flexural strength of specimens with one fiber was higher than that of hybrid
fiber specimens.

Increasing the percentage of Ferrock materials increases the flexural strength
of specimens.

The Fly ash in specimens reduced the water absorption rate creating durability
against water.

A denser mix results in greater compressive strength.

Glass fibers can increase the specimen’s strength against impact load better
than polypropylene fibers.
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