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ABSTRACT

The strengths of cement are affected by calcium chloride percentage, especially when the cement composition within
the range is encountered in commercial portland cement. The various types of cement are different in the amounts
present of CaO, MgO, Ca(OH),, and Mg(OH),. Chemical compositions, among other factors are the most
performance of producing a high quality of cement. This study aimed to determine the presence of calcium quantity
in four different types of cement and study the calcium effect on its chemical constituents by the gravimetric method
and titrimetric method using KMnQO,4/ EDTA as per 1S:4032. The results showed the DUNCAN has a higher quantity
of calcium compares to other types of cement (RAASI, VISHU, MAHA GOLD) which showed less quantity of
calcium exist. The high content of calcium present in cement led to rise in the heat and influences the setting time of
alkali-activated. Dicalcium silicate and tetracalcium alumin are the main compounds of portland cement which are
responsible for producing a higher heat of hydration, hardness rapidly, and initial set. The uniqueness of this method
is a rapid method and gives accurate results in a short interval of time and also avoids the use of a high-temperature
muffle furnace.
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Introduction

Portland cement is the most widely used around the world in the construction industry as a basic
ingredient of concrete, mortar, stucco, and non-specialty grout [1]. Portland cement is a complex
product obtained mainly from four main constituents; silicon (SiO;), oxides of calcium (CaO),
iron (Fe;03), aluminum (Al,O3), and other ingredients (magnesium oxide (MgO) and sodium
oxide (Na,Q)). Also, the common materials used to manufacture cement are limestone, shells,
and chalk or marl combined with shale, clay. Calcium and magnesium oxides are important
constituents controlling the physical performance of portland cements their accurate estimation is
very important to assess the quality of cement. Calcium chloride’s role is to increase the heat of
the cement. However, the part of the total heat developed by the tricalcium aluminate was
decreased. It is used as an accelerator in the hydration process of cement, leading to a quick set
of concrete and to get high initial strength concrete [2]. Calcium chloride (CaCl,) dissolves easily
in water and offers many advantages such as an increase in early strengths and it speeds the rate
of the set by improves the workability and improves the strength of air-entrained concrete.
Therefore, it is widely used as a concrete accelerator. Concrete acceleration with calcium chloride
combines to produce better quality concrete which greatly facilitates completing jobs as quickly
and economically as possible [3].

Aluminum chloride, calcium formate, sodium chloride, potassium carbonate, and calcium
chloride are used as accelerators for concrete but the calcium chloride was the most widely used.
An accelerator leads to increases in the rate of development of certain characteristic properties of
cement and concrete. In cement, the strength contributed by two compound tricalcium aluminate
and calcium chloride which are decreased the time of set and increased the strength of the
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resulting concrete. Besides, the physical properties of cement were affected by the addition of
calcium chloride. However, the optimum amount to be added are different for each types of
cement and at various curing temperatures [4].

Portland cement is essentially powdered calcium alumina silicate (CaO.Al203.Si02) which sets

to a hard mass when treated with water and considered the popular type of cement. Portland
cement is produced from a type of rock that includes chemical compounds called calcium
carbonate [5]. It is made by pulverizing a mixture of limestone and clay and roasting the powder
in a rotary kiln heated by gas or powered coal to a temperature of about 1500 °C. This treatment
yield sintered lumps called clinker about the size of a marble.

The Portland cement is essentially powdered calcium aluminosilicate (Ca0O.Al;,03.Si0,) which
sets to a hard mass when treated with water. It is made by pulverizing a mixture of limestone,
clay, and roasting the powder in a rotary kiln heated by gas or powered coal to a temperature of
about 1500 °C [6].

Cement is produced by applied high temperatures on the raw materials such as (shells, limestone,
and marl or chalk combined with shale, clay, slate, blast furnace slag, and silica) treated and
reacted at extreme conditions [7]. These processes are called pyro processing, (the raw materials
are heated at severe temperatures for solid-state reactions to take place), which utilizes fuel
sources such as coal, fuel oil, natural gas, and anything combustible [8].

The cement quality is the main vital factors for the cement manufacturing industries for making
solid and long life structure which related to the strength and durability of structural concrete
[9,10]. Portland cement is a hydraulic material composed primarily of calcium silicates, ferrites,
and aluminates which is used as binding materials of concrete in civil construction industries.
Clinker nodules are produced from a finely ground, homogenized blend of limestone, shale, and
iron at a temperature reaching to 1500 °C, in a rotary kiln [11]. The cement is the main ingredient
of concrete structure as a binder in construction work [12].

In general, the portland cement is the most important which is soft kind and form a hard mass
when mixed with water due to the chemical combination of the cement compounds with water
that yields submicroscopic crystals or a gel-like material with a high surface area [13,14].
However, the hydration properties, constructional cement will lead to set and harden underwater,
which is often called hydraulic cement.

The binding materials (bond stones in masonry and tie beams in timber framing) are used as
adhesive substances in building and construction [15]. Calcium carbonate is heated sufficiently, it
undergoes a decomposition which yields the calcium oxide and carbon dioxide. Pure calcium
oxide is a white amorphous substance that emits an intense light called limelight when heated to a
high temperature [16]. Calcium oxide is used as a drying agent which can easily react with water.
Calcium oxide is known by various names such as lime, quick lime, and slaked lime for the
product formed from its reaction with water. Because of the high heat of reaction of quick lime
with water, it should always be stored where it cannot come in contact with water, for the
slacking reaction generates enough heat to ignite paper or wood [17].

CaO + H,0 —=&3a(OH),
Ca(OH), — » Ca*+20H
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Usually, the calcium determination take place by treatment with sulphuric and hydrofluoric acids
to remove silica then precipitated with Oxalat. Finally, the precipitation treatment with ammonia
solution to remove other interfering oxides [18].

Portland cement strength depends on the chemical composition and the fineness to which it is
ground. However, the strength developed in the first week of hardening related to the tricalcium
silicate C3S while, the di-calcium silicate C,S for the subsequent increase in strength. Both
chemical compounds (CsS, C,S) help to determine the cements setting and its properties [19].
However, the main reason behind the hardening, or setting, of cement is the hydration of the
aluminate, calcium silicate, and alumino ferrite minerals. The alumina and iron are created a little
direct contribution to strength [20].

Therefore, this study aimed to determine and evaluate the effects of calcium quantity present in
four different type of cement and study the effect of calcium content due to its importance in the
production of high-quality cement which helps to increase the early strength and high rate of
hydration which harden the concrete quicker. This study also compared between the selected type
of cements and their chemical composition at pH-10.

Literature Review

Portland cement is produced by grinding and burning a limestone mixture, clay, and shale at
approximately 1500°C. Strength of portland cement depending on the conditions of the product
curing and the mixture used. Usually, a typical concrete sets in about 6 hours and the strength
keep on risen slowly as long as the water is available for continued hydration to dry out then, the
strength of concrete growth stop. The C3S (tricalcium silicate) and the C,S (dicalcium silicate)
are mainly responsible for the strength developed in the first week of hardening and the
subsequent increase in strength respectively. The other compounds are present only in little
amount which will be create a little direct contribution to strength [21]. Calcium silicate cement
was recently used as restorative dentistry and gradually making their way through the various
materials while it is true that they have long been used in endodontic [22].

Table 1. Main constituents in a typical portland cement

Compound Name Formula Percent%
Tricalcium Silicate 3Ca0xSi0; 50
Dicalcium Silicate 2Ca0xSi0; 25
Tricalcium Aluminate 3Ca0OxAI203 12
Tetracalcium Aluminoferrite  4CaOxAl,O3xFe,O; 8.0
Gypsum CaS04xH,0 3.5

Portland cement harden comes from series of chemical reactions. These chemical reactions
include basic chemical compounds which are listed in Table 1. The reaction proceeds with the
addition of water as this process are called hydration. Depending on these reactions which occur
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at different times, quantity, and rate, result in how the portland cement hardens and gains strength
[23].

a) Tricalcium silicate (C3S). considered the main component of portland cement which is
responsible for initial set, early strength, hydrates to produce crystalline calcium hydroxide, and
calcium-silicate-hydrates. Higher percentages of C3S in portland cements led to gain early
strength.

b) Dicalcium silicate (C,S). Is an important constituent of portland cement clinker. Dicalcium
silicate contributes to late strength by hydrates and hardens slowly beyond one week due to its
lower reactivity.

¢) Tricalcium aluminate (C3A). is considered the most reactive part of portland cement and it is
mostly related to the heat of hydration. C3A is contributed the initial hydration process of the
cement when mixed with calcium silicate. It reduces the durability of concrete and releases a
large amount of heat during the first week of hardening.

d) Tetracalciumaluminoferrite (C,AF). Is considered more resistant to reactions with the
sulfate salt while reacts with water rapidly and then, the setting occurs within minutesto produce
the grey colour. Tetracalciumaluminoferrite acts as a filler contributes and used to assist in the
manufacture of portland cement by allowing lower clinkering temperature.

2.1. Cement production: Cement is produced from a mixture of clay, limestone, and sand in a
rotating Kiln by heating to temperatures reaching 1500°C. Calcium carbonate is the raw material
used for cement production is (CaCOgs), which is derived from chalk, crushed limestone, and
shells. Cement production processes depending on the handling of raw material before being fed
to the rotary kiln which categorized as dry, semi-dry, semi-wet, and wet processes [24]. During
these process of production, small amounts of shale, clay, or ash were to be added to provide
controlled quantities of aluminum, iron, and silicon [25].The cement produced from the kiln to be
cooled, and then finely ground to produce the cement powder [26].

2.2.Crushing: The raw material limestone (5 parts) and clay (1 part) are crushed to a fine powder
separately in suitable machines then mixed in proper proportions and finely ground
(pulverization). The pulverized mass (dry in the form of a slurry) is introduced into a rotator kiln
with the help of a screw conveyer [27,28].
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Figure 1. Cement production
The rotator kiln is a cylinder made of steel 150 M long 4 meters in diameter lined inside with
bricks. It rotates on its axis at a rate of 30-60 revolutions per minute. Due to the charge slowly
moves down the kiln. The charge takes 2-3 hours to travel from one end to the other end.

2.3.Calcinations: A blast of burning coal dust is introduced into the kiln from the lower end. The
charge is heated with the help of the burning coal and is exposed to different temperature zones
and chemical reactions take place leading to the formation of cement [29].

The temperature in the upper part of the kiln is around 1023 kana, the material loses water here.
In the middle part of the kiln where the temperature is 1273 k, limestone (CaCO3) decomposes
and gives lime (CaO) (Singh, 2007).

caco, —2BK 0 + co,

The temperature is maximum in the lower part of the kiln, it is around 1770-1870 k. The oxides
reacts with silica and form calcium silicate and aluminum silicate. The product is called clinker
and has a grey color [30].

3Ca0O + SiO,

3Ca0.Sio,

3Ca0O + Al,O,

3Ca0.Al,O4

2.3.Powdering and Packing: The product (clinker) is cooled, and then 2-3% gypsum is added.
The resulting powder is packed in bags and sold as cement [31]. Gypsum (Calcium
sulfate dihydrate (CaSO,. 2H,0) increases the setting time of cement [32]. Cement exhibits
characteristics properties of setting and hardening when mixed to a paste with water. This makes
them capable of join ingrigidmasses like bricks, stones tiles, etc. into a coherent structure [33].
Cement has the property of setting and hardening underwater by some chemical reactions with it
and is called hydraulic cement.
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Table 2. Chemical composition of ordinary portland cement

S.No. Constituents Range%
1 Silica (SiOy) 17-25
2 Calcium (CaO) 60-67
3 Alumina ( Al,O53) 03-08
4 Iron ( Fe;03) 0.5-06
5 Magnesia (MgO) 0.5-4.0
6 Oxides of alkalis (Na,O & K,0) 0.3-1.2
7 Sulphuric Anhydride (SO3) 2.0-35

3. Cements Classification
3.1 Natural Cement

This type of cement is produced by calcining and grinding of the rocks, this naturally occurring to
give up to 25% clayey (argillaceous) material of limestone which is also known as Roman
Cement [34]. The calcining temperature for sintering and little tricalcium silicate C3S produced is
about (600 to 1220 °C). Therefore, strength development is slow [35]. However, the dicalcium
silicate C,S is considerable, the initial set and hardening are rapid in comparison with portland
cement [36]. Natural cement is showed properties between that of Portland cement and hydraulic
lime without any additional constituents are added to the production process.

3.2 Pozzolana Cement

Pozzolana cement is a materials which form hydraulic cementing materials by mixing with lime
without the use of heat. These are made by simply mixing and grinding natural pozzolana
(deposits of volcanic ash) and slaked lime used for making the construction walls and domes
[37,38].

3.3 Slag Cement

Slag cement is made from blast furnace slag and hydrated lime which is containing up to 65
percent slag of mixture between portland cement and granulated slag. This cement set more
slowly than portland cement used to a limited extent for making concrete in bulk construction
where strength is relatively unimportant [39].

3.4 Portland Cement

Portland can be defined as an extremely finely ground product obtained by calcining together
argillaceous (clay, containing) and calcareous (lime, containing) raw materials at about 1500 °C
used for construction works [40].

Materials and Methods
Chemicals and Reagents

500 ml beaker, pipette, standard flask, burette, glassrod, measuring jar. Oxalic acid, KMnQ,
solution, Cement solution, water, EDTA, magnesium indicator, NH;OH solution, dil.
H,S0O,.N/30 oxalic acid was prepared by dissolving 0.21 g/100 mL (H.C,0, . 2H,0). N/30
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KMnO, the solution was prepared by dissolving approximately 0.265 g of KMnO, in 1 liter of
water. Potassium permanganate acts as a self-indicator. However, the reaction end point was
observed with the color change from colorless to pale pink

Material

Calcium, Copper, lead and, zinc was used as metals that are soluble in oxalates. Dilute
sulphuric acid and standard potassium permanganate were used to determine the calcium
in cement by titration with the oxalic acid with standard potassium permanganate
solution

Experiential Section
1. Determination of Calcium by KMnQO4

In a small beaker 0.2 g of cement and 20 mL of HCI (1.1). The solution was heated over
asbestos for 30 min, till cement is decomposed [Ca*’] and converted into calcium chloride
[CaCly], then 2—-3 drops of methyl red indicator (color of the solution is red in acidic medium)
was added. After that, 15 mL of ammonium oxalate solution and 10% NH;OH were added slowly
to the mixture till the color disappeared and calcium oxalate precipitated. The precipitate was
filtered, washed by distilled water and, dissolved in 2 mL H,SO,. The total volume is made up to
250 mL with distilled water in a flask. By pipette out, 2 mL of Ca*? solution of cement sample
into a conical flask and 10 mL of standard MgSQ, solution then add 50 mL of distilled water and
add 3 mL of buffer solution pH-10 (Table 3). The solution was heated to 40 °C. The indicator
was added and titrate against EDTA till the color changes from red to blue.

Principle

The determination of calcium is carried out by converting it into oxalate, which is estimated by
titrating against standard KMnQ, solution, KMnQ, solution is standardized by using a standard
oxalic acid solution. In an acidic medium KMnQO, oxalate ion into CO, gets reduced to Mn (1)
ion. The rate of the reaction is increased as shown on heating (60-70°C) the oxidation is
qualitative.

Standardization of KMnOy4

The solution of oxalic acid and KMnO,4 was prepared, KMnO, solution is standardized by
titrating against the standard oxalic solution. In a flask, oxalic acid solution 25 mL and 20 mL of
dil. H,SO; (about 4N) then the solution was diluted.

Table 3. Amount of calcium present in different brands of cement
S.No. Samples Weight g/250 mL

1. DUNCAN 0.132
2. RAASI 0.012
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3. VISHU 0.023
4. MAHA GOLD 0.028

2. Determination of Calcium by Substitution Method
Principle
Calcium ions are titrated with EDTA a relatively stable calcium complexes is formed

Ca*2 + H,Y> ——— CaY? + 2H*

The Ca™ ion are alone no sharp endpoint can be obtained with eriochromeblak-T and the
transition from red to blue.

The magnesium indicator complexes are much more stable than the calcium indicator complex
but less stable than the EDTA complex. Consequently during titration of the solution in the
presence of eriochromebalck—T, the EDTA reacts first with free Ca*? ion then with free Mg*?
ions, and finally the complex wine-red color of solution changes from wine-red to blue at the
endpoint.

Preparation of standard MgSO,
1.54 g of MgSO, in a 250 mL standard flask was dissolved in distilled water and makeup
solution up to the mark.

Standardization of EDTA

Place instantaneously titration should be done slowly at the endpoint. Calculate the pipette out 20
ml of MgSO, solution into a 100 mL conical flask and add 5 mL of buffer solution of pH-10 then
heat the solution to 40 degrees. Add 10 mL of E.B.T. indicator. After that, The prepared solution
titrated with the EDTA till the blue color. However, the reddish color should be disappeared at
the endpoint and the blue color appeared.

Table 4. Amount of calcium present in different brands of cement
S.No.  Samples Weight g/250 mL

1. DUNCAN 0.122
2 RAASI 0.014
3. VISHU 0.022
4 MAHAGOLD 0.025

Results and Discussion
Calcium was determined by titrating with complexing agents such as ethylenediamine tetraacetic
acid (EDTA) using visual and photometric techniques. They showed that all the selected cement
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were contained the calcium oxide (CaO) content within the standard value. Among the four
selected cement samples, Duncan cement was found to contain the highest percent content of
CaO while Raasi and Vishu cement showed the least percent content of calcium oxide (CaO) in
both methods.

The major factor and main component of cement quality is calcium oxide (CaO). As shown in
Table 5, the calcium content present in the four selected cement which determined by two
methods. It is determined by severe analytical techniques. Complexometric titration with EDTA
is one of the analytical techniques to determine calcium oxide and it is used usually to find the
total magnesium and calcium content of milk, seawater, and various solid materials. This
technique may apply to find out the total hardness of freshwater provided to the solution. EDTA
was used in this method which forms a complex with calcium and magnesium ions and the
indicator was a blue dye Eriochrome Black T (EBT), which is in charge of changing colour to
pink during the titration. The EDTA-metal ion complex showed high stability than the dye-metal
ion complex. Therefore, the solution containing the calcium ion reacts with an excess of EDTA to
form a complex with the EDTA. The indicator was responsible for the colour changes from red to
blue.

Ca’*+ EDTA" — [Ca-EDTA]*

The interferences are mainly caused by cations of the calcium, aluminum, manganese, and iron,
with EDTA to form the complex. Apart from these, the metals also react irreversibly with
indicators. The secations also give rise to color change in the indicator, making it difficult to
detect the endpoint. However, the calcium oxide determined in a different types of cement and
compared between them (Table 5).

Table 5. Amount of calcium present in KMnO,4 and substitution method for the same brand

Samples KMnO, Substitution
DUNCAN 0.132g 0.122 g
RAASI 0.02g 0.014 g
VISHU 0.023g 0.022 ¢

MAHAGOLD 0.028g 0.021 g

The amount of calcium present is different for the same sample that’s lead to prove the estimation
by KMnQOy, is more accurate than another method (Table 3). Therefore, the quality of cement is
one of the important factors which is depending on the amount of calcium to produce, the
strength, and the durability of structural concrete.

Conclusion
The level of calcium oxide (CaO) in the selected cement samples gave a positive result,
especially DUNCAN cement demonstrated the highest percentage of calcium content among
others. However, the determination of calcium by KmnO, method was more accurate than the
substitution method.

4853

http://annalsofrscb.ro



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 5, 2021, Pages. 4845 - 4856
Received 25 April 2021; Accepted 08 May 2021.

References

[1] Hansson, Carolyn M. "Concrete: The advanced industrial material of the 21st
century."” Metallurgical ~and  materials  transactions B 26.3  (1995):  417-437.
https://doi.org/10.1007/BF02653859

[2] Marchon, Delphine, et al. "Hydration and rheology control of concrete for digital fabrication:
Potential admixtures and cement chemistry.” Cement and Concrete Research 112 (2018): 96-
110. https://doi.org/10.1016/j.cemconres.2018.05.014

[3] Aggoun, S., et al. "Effect of some admixtures on the setting time and strength evolution of
cement pastes at early ages.” Construction and Building Materials 22.2 (2008): 106-110.
https://doi.org/10.1016/j.conbuildmat.2006.05.043

[4] Rapp, Paul. "Effect of calcium chloride on portland cements and concretes.” Proceedings.
1935.

[5] Moesgaard, Mette, et al. "Hydration of Blended P ortland Cements Containing
Calcium-Aluminosilicate Glass Powder and Limestone." Journal of the American Ceramic
Society 95.1 (2012): 403-409. https://doi.org/10.1111/j.1551-2916.2011.04902.x

[6] Ghosh, S. N., ed. Advances in cement technology: critical reviews and case studies on
manufacturing, quality control, optimization and use. Elsevier, 2014.

[7] Bliss, James D., Timothy Scott Hayes, and Greta J. Orris. Limestone, a Crucial and Versatile
Industrial Mineral Commodity. US Department of the Interior, US Geological Survey, 2008.
[8] Branquinho, Cristina, et al. "Biomonitoring spatial and temporal impact of atmospheric dust
from a cement industry.” Environmental  Pollution 151.2  (2008):  292-299.

https://doi.org/10.1016/j.envpol.2007.06.014

[9] Damtoft, Jesper Sand, et al. "Sustainable development and climate change
initiatives." Cement and concrete research 38.2 (2008): 115-127.
https://doi.org/10.1016/j.cemconres.2007.09.008

[10] Imbabi, Mohammed S., Collette Carrigan, and Sean McKenna. "Trends and developments in
green cement and concrete technology.” International Journal of Sustainable Built
Environment 1.2 (2012): 194-216. https://doi.org/10.1016/j.ijsbe.2013.05.001

[11] Ali, M. S., I. A. Khan, and M. I. Hossain. "Chemical analysis of ordinary Portland cement of
Bangladesh." Chemical Engineering Research Bulletin 12 (2008): 7-10.
https://doi.org/10.3329/cerb.v12i0.1491

[12] Song, Ha-Won, and Velu Saraswathy. "Studies on the corrosion resistance of reinforced
steel in concrete with ground granulated blast-furnace slag—An overview." Journal of
Hazardous materials 138.2 (2006): 226-233. https://doi.org/10.1016/j.jhazmat.2006.07.022

[13] Prosser, H. J., et al. "Characterization of glass-ionomer cements 7. The physical properties of
current materials.” Journal of dentistry 12.3 (1984): 231-240. https://doi.org/10.1016/0300-
5712(84)90067-8

[14] Akroyd, Thomas Norman Westhead. Concrete: properties and manufacture. Elsevier, 2016.

[15] Margarido, Fernanda. "Environmental impact and life cycle evaluation of materials.
Materials for Construction and Civil Engineering. Springer, Cham, 2015. 799-835.
https://doi.org/10.1007/978-3-319-08236-3_18

[16] Gupta, Himanshu, and Liang-S. Fan. "Carbonation— calcination cycle using high reactivity
calcium oxide for carbon dioxide separation from flue gas.” Industrial & engineering
chemistry research 41.16 (2002): 4035-4042. https://doi.org/10.1021/ie010867I

[17] Bleakley, I. S., & Jones, T. R. (1996). U.S. Patent No. 5,558,850. Washington, DC: U.S.
Patent and Trademark Office.

4854

http://annalsofrscb.ro



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 5, 2021, Pages. 4845 - 4856
Received 25 April 2021; Accepted 08 May 2021.

[18] Arslan, Zikri, and Julian F. Tyson. "Determination of calcium, magnesium and strontium in
soils by flow injection flame atomic absorption spectrometry.” Talanta 50.5 (1999): 929-937.
https://doi.org/10.1016/S0039-9140(99)00187-3

[19] Double, D. D., A. Hellawell, and S. J. Perry. "The hydration of Portland
cement.” Proceedings of the Royal Society of London. A. Mathematical and Physical
Sciences 359.1699 (1978): 435-451. https://doi.org/10.1098/rspa.1978.0050

[20] Felekoglu, Burak, Selcuk Turkel, and Hasan Kalyoncu. "Optimization of fineness to
maximize the strength activity of high-calcium ground fly ash—Portland cement
composites.” Construction and Building Materials 23.5 (2009): 2053-2061.
https://doi.org/10.1016/j.conbuildmat.2008.08.024

[21] Shetty, M. S., & Jain, A. K. (2019). Concrete Technology (Theory and Practice), 8e. S.
Chand Publishing.

[22] Corral-Nufiez, Camila, et al. "The current state of calcium silicate cements in restorative
dentistry: a review." Revista Facultad de Odontologia Universidad de Antioquia 27.2 (2016):
425-441. http://dx.doi.org/10.17533/udea.rfo.v27n2al0

[23] Scrivener, Karen. "Calcium aluminate.” Advanced Concrete Technology; Elsevier:
Amsterdam, The Netherlands (2003): 1.

[24] Yang, Zequn, et al. "Trace element partition in a coal-feed industry furnace.”" Emission and
Control of Trace Elements from Coal-Derived Gas Streams. Woodhead Publishing, 2019. 173-
226. https://doi.org/10.1016/B978-0-08-102591-8.00006-4

[25] Rackley, Stephen A. Carbon capture and storage. Butterworth-Heinemann, 2017.

[26] Gao, Tianming, et al. "Analysis of material flow and consumption in cement production
process.” Journal of Cleaner Production112 (2016): 553-565.
https://doi.org/10.1016/j.jclepro.2015.08.054

[27] Pliya, P., and D. Cree. "Limestone derived eggshell powder as a replacement in Portland
cement mortar." Construction and Building Materials 95 (2015): 1-9.
https://doi.org/10.1016/j.conbuildmat.2015.07.103

[28] Kosmatka, S. H., W. C. Panarese, and B. Kerkhoff. "Design and control of concrete mixtures
(Vol. 5420, pp. 60077-1083)." Skokie, IL: Portland Cement Association (2002).

[29] Abelitis, A. Method and device for producing coal dust. No. US 4310298. 1982.

[30] Singh, N. B., and N. P. Singh. "Formation of CaO from thermal decomposition of calcium
carbonate in the presence of carboxylic acids.” Journal of thermal analysis and calorimetry89.1
(2007): 159-162. https://doi.org/10.1007/s10973-006-7565-7

[31] Van Oss, Hendrik G., and Amy C. Padovani. "Cement manufacture and the environment:
part I: chemistry and technology." Journal of Industrial Ecology 6.1 (2002): 89-105.
https://doi.org/10.1162/108819802320971650

[32] Kreichelt, Thomas E., Douglas A. Kemnitz, and Stanley T. Cuffe. Atmospheric emissions
from the manufacture of portland cement. Vol. 17. US Bureau of Disease Prevention and
Environmental Control, 1967.

[33] Shi, Caijun, Della Roy, and Pavel Krivenko. Alkali-activated cements and concretes. CRC
press, 2003.

[34] McCarter, W. J., M. C. Forde, and H. W. Whittington. "Resistivity characteristics of
concrete.” Proceedings of the Institution of Civil Engineers 71.1 (1981): 107-117.
https://doi.org/10.1680/iicep.1981.2142

[35] Hughes, D. C., et al. "Roman cements—Belite cements calcined at low
temperature." Cement and Concrete Research 39.2 (2009): 77-89.

4855

http://annalsofrscb.ro



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 5, 2021, Pages. 4845 - 4856
Received 25 April 2021; Accepted 08 May 2021.

[36] Koztowski, Roman, David Hughes, and Johannes Weber. "Roman cements: key materials
of the built heritage of the 19th century.” Materials, technologies and practice in historic
heritage structures. Springer, Dordrecht, 2010. 259-277. https://doi.org/10.1007/978-90-481-
2684-2 14

[37] Sepulcre-Aguilar, Alberto, and Francisco Hernandez-Olivares. "Assessment of phase
formation in lime-based mortars with added metakaolin, Portland cement and sepiolite, for
grouting of historic masonry.” Cement and Concrete Research 40.1 (2010): 66-76.
https://doi.org/10.1016/j.cemconres.2009.08.028

[38] Heikal, M., H. EI-Didamony, and M. S. Morsy. "Limestone-filled pozzolanic
cement." Cement and Concrete Research 30.11 (2000): 1827-1834.
https://doi.org/10.1016/S0008-8846(00)00402-6

[39] Malhotra, V. Mohan, and Povindar K. Mehta. Pozzolanic and cementitious materials. VVol. 1.
Taylor & Francis, 1996.

[40] Hogan, F. J., and J. W. Meusel. "Evaluation for durability and strength development of a
ground granulated blast furnace slag.” Cement, Concrete and Aggregates 3.1 (1981): 40-52.
https://doi.org/10.1520/CCA10201)

4856
http://annalsofrscb.ro



