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1. Introduction

Despite the advancement of science and the
industrialization of societies, the generation of massive
wastes from industries is a serious concern because much
of this waste contain chemicals harmful to the
environment. Recycling and reuse of waste, in addition to
economic savings, also has environmental benefits. The
construction industry is known as a good place to accept
recycled materials. The use of recycled materials in
concrete helps to improve its properties and has become
more important due to cost reduction and compatibility
with the environment. However, there is very little
research on the use of sugar waste, especially carbonate
cake, in the construction industry. By filling the research
gap between this calcarcous gold and construction
materials and blossoming the application potentials of
sugar  waste, especially carbonate cake, an
environmentally friendly green concrete can be produced.
One of the best places is to use these materials instead of
cement because cement itself is a big pollutant for the
environment, and as a result, the recycling value
multiplies.

According to the literature, it is clear that waste
carbonate cake can replace a percentage of cement used in
concrete. However, in the studies, the method of using
carbonate cake in the concrete mixing plan and in other
words determining the best way to use it has not been
mentioned. Therefore, in this article, three different
methods of using carbonate cake in making concrete,
including dissolving in water of mixing plan, sieving, and
grinding were examined, and the best method of use has
been introduced. In order to achieve this goal, first, a
mixing plan was prepared with a water to cement ratio of
0.35 and concrete samples were made with the percentages
of replacing carbonate cake instead of cement equal to 5,
10, 20, 30, and 40, and finally, the compressive strength of
28- and 56-day samples were evaluated for all three
methods of dissolving in water, sieving, and grinding. To
determine the tensile strength of the samples, the Brazilian
test was performed on the samples made only by the
optimal method (milled method) with different
percentages of carbonated lime waste and the 28-day
tensile strength of the samples was measured.

2. Experimental Program

The aggregates in different sizes were obtained from the
mines of Isfahan city, Iran. Drinking water was also used
and the maximum ratio of water to cement in mixing plans
was considered to be 0.35. Moreover, type 2 Portland
cement manufactured by Ardestan Cement Factory located
in Isfahan, Iran, was used. The carbonate cake produced in
Nagsh Jahan factory in Isfahan was utilized as a substitute
for cement in concrete production. The mixing plan of
samples is shown in Table 1.

Table 1: Details of the concrete mixing plan with different
percentages of carbonate cake
(kg per cubic meter of concrete)

Mix PC CK Water | Sand Fine Coarse
code agg. agg.

CKO 400 0

CK5 380 | 20
CK10 | 360 | 40
CK20 | 320 | 80
CK30 | 280 | 120
CK40 | 240 | 160

1524 | 1075 | 400 250

3. Results and Discussion

- Compressive strength

Carbonated lime powder from sugar factories was replaced
with cement in three ways in green concrete, and the
compressive strength results were investigated and
evaluated (Figures 1 and 2). The results indicated that the
method of dissolving carbonated lime in the mixing design
water had the lowest compressive strength. In the mixing
plan with the dissolving method, the water was absorbed
by the carbonated lime powder and there was not enough
moisture to mix and lubricate other components, such as
cement and aggregates. Another reason for this significant
decrease in compressive strength can be considered the
chemical reactions created between water and carbonate
cake. Due to the high calcareous property of the carbonate
cake, by dissolving in the water of the mixing plan, the
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calcareous material blooms and this further reduces the
strength of the concrete.

The results obtained from concrete produced with
carbonate cake by sieving method also showed a decrease
in the compressive strength of concrete samples containing
waste powder compared to the control samples without
powder. In this method, the strength reduction rate was
better than the dissolved method as the materials that
remain on the sieve are mainly limestone lumps that are
separated from the waste powder by the sieve. This causes
the difference between the mixture and the original sample
and the reduction of its lime percentage will result in a
decrease in concrete strength.

The results in all three methods indicated a decrease in
the compressive strength of the samples with the addition
of carbonate cake to the concrete mixture. However, the
use of carbonate cake by grinding method was the best
technique of using carbonate cake in concrete because the
calcareous property of the material was preserved and it
showed the best chemical reaction in the formation of
concrete when combined with water and other materials.

50

40
30
20
10
0 | 1

0% 5% 10% 20% 30%  40%

Compressive Strength (MPa)

m Control Sample ® Sieved = Milled m Dissolved

Figure 1. 28-day compressive strength of concrete samples
with different percentages of carbonate cake
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Figure 2. 56-day compressive strength of concrete samples
with different percentages of carbonate cake

- Tensile Strength

In the previous step, the grinding method was recognized
as the best method for adding carbonate cake powder to
concrete. Therefore, to determine the tensile strength of
concrete, carbonate cake powder was added to concrete
only by the grinding method. The results of the samples
subjected to the Brazilian tensile test (Figure 3) showed
that the replacement of carbonated lime residue with a
certain amount of cement does not significantly reduce the
tensile strength of ordinary concrete.
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Figure 3. Tensile strength diagram according to different
percentages of calcium carbonate cake

4. Conclusion
In this research, to determine the best method of adding
carbonate cake to concrete, carbonate cake was used with
three different methods, including dissolving in water of
mixing plan, sieving, and grinding. After conducting
laboratory tests to determine compressive and tensile
strengths with different percentages of carbonate cake, the
following results were obtained:

- The worst results were related to concrete samples made
with carbonate cake dissolved in water. The results of the
compressive strength of the samples made by this
method indicated a significant decrease in the
compressive strength of the samples with the increase of
carbonate cake in the concrete mixture.

- The best method to use carbonate cake in concrete was to
use milled carbonate cake, and it can be replaced by at
least 20% of the weight of cement, without significantly
reducing the strength of concrete.

- The tensile strength of the concrete samples declined with
the rise in carbonate cake powder compared to the
control sample, but this decrease was not significant until
the substitution of 20% of the weight of carbonate cake
in the concrete strengthening part.

- It seems that carbonate cake is also used in other building
materials due to its calcareous properties and can be
traced from this point of view.

- It is worth mentioning that the carbonate cake recycling
causes reduction in industrial waste, waste transportation
cost, waste disposal cost, and removing inappropriate
smell and organic materials. Therefore, the use of this
green concrete in the construction industry is
recommended.
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The Effect of the Method of Using Waste Carbonate Cake on the Compressive and Tensile Strengths
of Green Concrete

Zahra Heydari Rasoul Shadnia Davood Mostofinejad Shadzi Rezaei

Abstract A large amount of waste from sugar factories is accumulated as waste. The purpose of this research is to
recycle the waste of these factories, called carbonate cake (calcium carbonate mud, lime carbonate and lime sludge),
which production is a serious problem for these factories and the environment, as a substitute for part of the cement
used in concrete. Due to the heterogeneous size of the particles and for the greater similarity of the size of its grains
with cement particles, carbonated cake with three methods:dissolved in water of mixing plan,sieved and milled, was
used in different designs. Laboratory concrete samples were made with a water-cement ratio of 0.35 and with different
percentages of replacing carbonate cake instead of cement equal to 5, 10, 20, 30 and 40, and finally, the compressive
strength of the 28- and 56-day samples and the tensile strength of the 28-day samples was measured. The results
showed that the best method of using carbonated cake in concrete is to use milled carbonated cake and it is possible to
replace it up to at least 20% by weight of cement, without significantly reducing the compressive and tensile strengths
in concrete. Quantitatively, the results indicate that the compressive strength of the 28-day and 56-day samples and the
tensile strength of the 28-day samples with 20% waste powder instead of cement have decreased by 6.5, 10, and 5.4%,
respectively, compared to the control samples without powder. It is worth mentioning that the carbonate cake recycling
causes reduction in industrial waste, waste transportation cost, waste disposal cost and removing inappropriate smell
and organic materials. Therefore the use of this green concrete in the construction industry is recommended.

Key words Sugar factory waste, Recycling, Carbonate cake, Strength, Green concrete.
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