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ABSTRACT

To mitigate environmental impacts and increase energy efficiency in the cement production process,
alternative materials to clinker are now used in cement, allowing for the production of a larger amount of
composite cement with identical properties from a certain amount of clinker produced by the cement factory.
This is achieved through the appropriate combination of low-carbon and environmentally friendly materials.
The aim is to produce cement that not enly uses accessible resources but also reduces carbon emissions. In this
study, recycled minerals (recycleddclay (RC) and ground granulated blast-furnace slag (GG)), calcined clay
(CC), and limestone (LS) powder weresused as partial replacements for cement/clinker to create low-carbon
cement. The properties of fresh mortar and compressive strength tests were considered. Accordingly, 16 mix
designs were prepared, including 5 mortar mix.designs containing CC, LS powder, and recycled materials as a
cement replacement, and 9 mix designs containing/CC,l=S"powder, and recycled materials as a clinker powder
replacement, along with two reference mixes. The results showed that the compressive strength of the mixes
containing RC at different ages was similar to that.efimixes containing CC. Based on the results, the
compressive strength of the mixes containing RC and LS with 30%¢«replacement decreased by about 20%
compared to the reference mix. Meanwhile, the reduction in compressive strength of the 35% replacement

mixes containing recycled minerals was less than 10%.
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1. Introduction

Cement is by far the most widely used manufactured
material due to its compatibility, low cost, and the
availability of raw materials [1]. The mass production of
cement accounts for nearly 8% of human-made global
carbon emissions [2, 3]. Nowadays, various
supplementary cementitious materials (SCMs), such as
natural pozzolans. like clay, LS, or hydrated lime [4, 5],
and artificial pozzolans like GG [6], are used to partially
replace cement in _order to reduce environmental
impacts,and achieve concrete sustainability. CC and LS
powder have been introduced as SCMs due to their
pozzolanic “ properties _after being calcined at
temperatures between550 and 950°C and their filler
effect, respectively[7, 8].. The literature reports that the
compressive  strength  development of  samples
containing CC and LS powder was better compared to
the reference sample [9, 10]. In some) studies, low-
kaolinite clays such as “calcined kaolin\,waste and
ceramic waste have been proposed ‘as partial cement
replacements for the production,of low-carbon cement
[11,12].

Although numerous studies have been conducted on
the production of low-carbon cement containing CC and
LS powder, RC from biscuit grinding in tile factories
has not yet been used as a SCMs in cement production.
Furthermore, no study has been carried out to combine
RC with LS powder or other recycled materials.
Therefore, the aim of this study is to investigate the
effect of recycled mineral materials (RC and GG) as

Compressive strength results are presented in Figure 1.
The results of 20% substitution show that by reducing
the RC content and increasing the GG content, the 3-day
compressive strength has decreased and its 28-day
compressive strength has increased. By examining the
results of the mortar containing the same content of RC
and GG (KgRC10GG1o), it can be seen that the
compressive strength is acceptably similar to the
reference mortar (Kioo). This result can be attributed to
the improvement of cement paste porosity due to the
formation of secondary C-S-H gel due to suitable
pozzolanic reactions of RC and GG, as well as the effect
of morphology and particle size distribution of
additives. Similarly, the results of 35% replacement also
showed that adding GG and combining it with RC can
lead to an increase in the long-term strength of the
mortar.

The normalized compressive results show that the
growth of compressive strength of mortar containing
RC at the ages of 0-3 days is higher than the reference
mortar (Figure 2). According to the figure, increasing
the GG content and decreasing the RC content in the
mortar has caused an increase in the compressive
strength of the samples at older ages (3-28 days). So
that using the same content of RC and GG in the
mortars had the highest pozzolanic activity at the ages
of 3-14 days.
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2. Methodology

—e— KS50CC30L20

— B — K65RCINGGS

Compressive strength (MPa)

In this study, CC, LS powder, and recycled mineral
materials including GG and RC for the production of il A ~aa

—+— K65RC25GG10

— == K65RCI0GGIS

low-carbon cement have been introduced as
complementary cement materials. The clays were
calcined at 850°C for 1 hour. RC was considered as
recycled calcined clay and was used without calcination
process in the mixing design. After combining the
powder materials, the mortar compressive specimens
were made with a ratio of water-to-binder of 0.44 and
sand-to-binder of 2.0 and were kept in a water chamber
for processing until the ages of 3, 14, and 28 days. After
curing processing, the compressive strength test was
performed on the mortar specimens and the average of
the obtained results was presented as the final result.

3. Results and Discussion

Time (days)

Figure 1. Compressive strength of clinker-based mortar
samples

Based on Figure 3, almost/all the mortars containing
RC had an acceptable performance compared to the
reference mortar. So that the difference "in the
compressive strength of low-carbon” mortar _with the
reference mortar at an early age is less than 10%: As
mentioned, the same combination of RC and<GG has
obtained an acceptable performance in 20%eplacement
of clinker, which according to the figure< ofithe
difference in compressive strength at the age of 28 days
has reached below 4%. Finally, by comparing the results



of KesRC20GG1s and KgsRC25G Gy, it was observed that
the appropriate combination of recycled materials can
reduce the difference in compressive strength by 10-15
compared to the reference mortar.
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Figure 2. Normalized compressive strength.of clinker-based
mortar samples
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Compressive strength growth (%)

GGS GG10 L10 L20 GGS GG10 GGIS
14-28 Days| 15.1 168 182 85 208 20.7 352 129 209 28 5

W3-14 Days 524 306 398 595 358 521 52.1 383 396 394

®0-3 Days 325 126 423 319 437 272 12.7 488 39.5 321

Figure 3. Compressive strength growth of clinker-based
mortar samples

4. Conclusions

In this study, the feasibility of producing low-carbon
mortar containing recycled materials in the country has
been investigated. The most important results obtained
in this research are as follows:

e The growth of initial compressive strength of
mortar containing RC in replacing the clinker has
been significant. On the other hand, the use of GG
has increased the growth of compressive strength in
the period of 14 to 28 days. The results showed that
the simultaneous and optimal use of RC and GG
can lead to the creation of effective low-carbon
cement that has the same performance as ordinary
cement. This happened due to the pozzolanic
performance of RC and the microcrystalline effects
of GG.

e The compressive strength of mortar containing
calcined clay (both recycled and natural clay) and
LS powder decreased compared to the reference
mortar, and this value was less than 20%.
Meanwhile, the compressive strength of mortar

containing recycled minerals (RC and GG) has
decreased by 10% with 35% replacement.

e Based on the results, using a maximum of 25% of
RC in the combination of RC and GG can have well
performance.
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