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Abstract. Quicklime is a widely used industrial chemical and its characteristics may be affected
by the limestone characteristics and calcination temperature. The present study investigated the
quicklime characteristics obtained from limestone after calcination at different temperatures (800,
900, and 1000 °C) from six geological-different mines in West Sumatera, Indonesia. X-ray
fluorescence (XRF) analysis was performed to characterize the elemental compositions in
limestone and quicklime. The stoichiometric evaluation was examined to compare the obtained
carbon dioxide (COz2) from experimental and theoretical results during calcination. Based on
elemental composition from XRF analysis, all the investigated limestones are very pure limestones,
with impurities of less than 1%. The level of calcium oxide (CaQ) after calcination at 1000°C
increased to more than 90% for all investigated limestone. The obtained CaO and CO2 mass after
calcination at 1000°C for 5 h were more than 70 and 60 grams, respectively. However, the
experimental results on CaO and CO2 mass were 5-12% less than theoretical mass, reflecting the
partial decomposition of calcium carbonate during the calcination process.
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1. Introduction

West Sumatra, Indonesia deposits about 23.3 million tons of limestone over million years, and
several mines are determined as limestone mines for several industries in West Sumatra (Energy
and Mineral Resources of West Sumatra, 2021). Limestone composes of dolomite magnesium
carbonate (CaMg[COs3]2) and other constituents, such as iron, potassium, pyrite, silica, and quartz
(Romero et al., 2021; Lewicka ef al., 2020). During thermal processing, carbonate decomposes
and form calcium oxide (CaO) and gaseous carbon dioxide (CO2) (Sandstrom et al., 2021;
Fedunik-Hofman et al., 2019; Giammaria and Lefferts, 2019). Quicklime is an essential raw
material for industrial applications, such as food processing, water, and wastewater treatment,
plastics, glass, and agriculture (Yadav et al., 2021; Ontiveros-Ortega et al., 2018). It is essential to
understand the basic characteristics of limestone (e.g., geological characteristics) for achieving the
good quality of quicklime and satisfying the demand of the industry. The continuous growth of
global industries has led the industry itself and academy to focus on developing alternative cement,
material constructions, additives, and other demanding materials, involving reduced energy
demand and greenhouse gas emissions (Cabera-Luna er al., 2021). Therefore, escalating the
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knowledge of limestone and quicklime characteristics is challenging to reach sustainable
development for industries.

Limestone characteristics along with calcination temperature may affect the quality of
quicklime. Calcination of limestone between 800 and 1000°C may produce quicklime with small
impurities through the calcination reaction (Section 2.2.3). The investigations of the influence of
calcination temperature on quicklime characteristics are piled in an enormous study and have
shown that the formation of quicklime involved the destruction of the crystal structure of calcite
at 600—850°C (Ontiveros-Ortega et al., 2018; Nordin et al., 2015; Kudlacz and Rodriguez-Navarro,
2014). CaO started to form under the temperature of 800°C, involving the decomposition of
chemical materials without CO2 pressure control in the kiln. However, the temperature can limit
the calcination process, which controls the heat transfer through the particle to the reaction
interface (Zhou et al., 2021), resulting in low purity of quicklime. The characteristics of limestones
also affect the calcination process, increasing the temperature to 1000°C generates greater volumes
of micropores, which can affect the quality of quicklime (Ontiveros-Ortega et al., 2018).

Different geological locations may influence the characteristics of limestone, and the
information of quicklime quality from different limestone mines in West Sumatra is still limited.
Therefore, this study aims to investigate the quicklime characteristics after calcination in different
temperatures (800, 900, and 1000°C). For this purpose, different limestones obtained from six

different locations in West Sumatra are examined to evaluate limestone characteristics.

2. Methods

2.1. Limestone

Limestones used in this study were obtained from six different regions in West Sumatra,
Indonesia, namely 50 Kota (L1), Agam, (L2), Tanah Datar (L3), Padang Panjang (L4), Sijinjung
(L5) and Dharmasraya (L6). These locations were selected to evaluate the characteristics of West
Sumatran quicklime, which is commonly used for the cement industry in West Sumatra. The
limestone was crushed in the range size of 3—5 cm and calcined at three different temperatures
(800, 900, and 1000°C) for 5 h to produce quicklime. The produced quicklime was pulverized and
analyzed for mineral composition.
2.2. Analytical methods
2.2.1. X-ray fluorescence (XRF) analysis

The mineral composition was observed by XRF analysis using an XRF spectrometer (Rigaku
Supermini200, Latvia). XRF spectrometer irradiate the X-rays and measured the fluorescent

emission wavelength of samples (Izhar ef al., 2018). The identified elemental composition of
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minerals, such as CaO, MgO, Fe20s3, Si02, Al2O3 was selected to evaluate the characteristics of
limestone and quicklime.
2.2.2. Loss of ignition (LOI)

LOI was measured based on the procedures described in APHA standard methods. Briefly, the
weight of limestone (before calcination) and quicklime (after calcination) was recorded. And the
dry weight ratio of quicklime and limestone was recorded as LOL.

2.2.3. Stoichiometric equations

The stoichiometric equation for CaO and CO2 was calculated on the %weight basis of quicklime
Theoretically, 1 mol of CaCO3 will produce 1 mol CaO and I mol COz. The available level of CaO
in quicklime based on XRF analysis was >60%, which is equal to 1.3 mol for CaO (>70 gram) and
CO2 (>55 gram). Thus, the availability of CaCOs that converted into CaO and CO2 was >1.3 mol,
which is equal to 130 gram (99%) (multiplied by CaCO3 molecular mass: 100 gram/mol) based
on the calcination reaction (1).

CaC0s — Calgy + COyq AHy = 1755 kj/mol (1)

3. Results and Discussion

3.1. Quicklime characteristics

Quicklime characteristics evaluated by the mineral composition before and after calcination
are shown in Table 1. The level of CaO from L1 increased from 55.9% to 59.6, 83.1 and 93.1%
after calcination under temperatures of 800, 900, and 1000°C, respectively. A similar trend of the
increasing of CaO level from different limestones suggested that the increasing temperature to
1000°C are the optimum temperature for calcination. The level of CaO after calcined under 1000°C
for L1, L2, L3 L4, L5, and L6 are 93.1, 91.2, 91.7, 85.9, 92.5, and 90.7%, respectively.
Temperature is an essential factor for the calcination process in increasing the CaO level (Jiang et
al., 2019; Fuchs et al., 2019). The level of CaO increased and other impurities levels decreased
with the increase of temperature indicating that the purity of quicklime from all investigated
limestone increased due to thermal decomposition of all minerals at high temperature (Table 1).
The results also reflect that the limestones used in this study affect the quicklime characteristics
after calcination, in which the calcination rates increased, thus the complete calcination reaction
can be achieved (data not shown). A similar result showed that the calcination temperature affects
the reactivity of quicklime (950—1250°C) for 2 hours, involving the microstructural characteristics
of limestone (Houngaloune et al., 2010).

The brightness indicator based on FexO3 composition in the limestone indicates that all
limestone samples from different locations had a percentage of Fe2Os less than 0.3 % before and

after calcination, except for L4. FexOs gives the brightness indicator in limestone and its
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percentage indicates the purity of limestone (Hwidi ef al., 2018). Figure 1 shows the different
visualization of quicklime produced after calcination from different temperatures. L4 had the
highest Fe2O3 composition (0.55%), and its percentage is 45% higher than the maximum standard
composition of Fe2O3 in a produced quicklime (Hwidi er al., 2018). The investigation of the
available concentration of Fe203 in limestone has been assisted several industries to select the
appropriate limestone for their specific commercial production (Panjaitan ef al., 2021). In West
Sumatra, limestone from L5 and L6 has been selected as the raw material to produce precipitated
calcium carbonate.

Table 1. The mineral composition observed in limestone and quicklime after calcination at
different temperatures (800, 900, 1000°C)

gi‘i?;zt;‘l’; Lo Ca0  MgO S0 ALOs  FeO:
(°C) (%) (%) (%) (%) (%)
L1 56.4 0.43 0.01 0.01 0.03
L2 56.4 0.45 0.01 0.09 0.03
Before L3 58.4 0.53 0.47 0.02 0.05
calcination L4 53.1 0.50 2.95 0.55 0.52
L5 57.7 0.39 0.20 0.05 0.06
L6 55.7 0.77 0.05 0.01 0.05
L1 59.6 0.25 0.64 0.26 0.06
L2 56.8 0.46 0.11 0.22 0.03
200 L3 58.1 0.48 0.28 0.27 0.10
L4 57.6 0.41 1.55 0.05 0.32
L5 60.3 0.38 0.70 0.27 0.10
L6 59.5 0.27 0.60 0.24 0.03
L1 83.1 0.78 0.48 0.21 0.08
L2 85.2 1.13 1.61 0.18 0.01
900 L3 85.7 0.53 1.42 0.51 0.15
L4 85.3 0.63 1.86 0.07 0.52
L5 86.2 0.31 0.78 0.32 0.10
L6 87.8 0.57 0.57 0.28 0.07
L1 93.1 0.70 0.65 0.33 0.12
L2 91.2 0.49 1.74 0.09 -
1000 L3 91.7 0.93 0.70 0.33 0.13
L4 85.9 0.73 7.33 0.27 0.55
L5 92.5 0.59 0.04 0.19 0.04
L6 90.6 0.47 0.69 0.30 0.09

3.2. LOI and CO: mass content

Increasing temperature from 800 to 1000°C decreased the LOI of quicklime due to the
complete reaction of limestone to form CaO and COz. Limestone from L1 contained 43.1% of LOI
and its level decreased to 39.1, 15.2, and 4.91% after calcined at 800, 900, and 1000°C,
respectively (Figure 2). A similar trend was observed for all investigated limestone, where the
level of LOI decreased with the increase of calcination temperature. The temperature of 1000°C
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in this study is the optimum temperature to converse limestone into CaO and COg, indicated by
the low level of LOI. The result showed that some property in all investigated limestone from
different mines is easy to decompose against the calcination temperature, indicated by similarity
in the chemical composition of limestone. The decreasing trends of LOI in this study also can
reflect that the calcination rates were increased (data not shown), thus a high purity of quicklime
can be obtained. However, a study by Carran et al., (2012) showed that LOI in the observed
quicklime after calcination was 30—42%. This might be due to the limestone characteristics (e.g.,

the presence of crystalline calcite veins) which can affect the LOI level and calcination rate.

S ey

Figure 1. Different visualization of quicklime produced after calcination from different
temperatures
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COz2 gas was generated during the calcination process as the limestone was decomposed during
calcination to produce quicklime (Vola e al., 2018). The traditional method of calcination emits
CO:z2 into the atmosphere. This study tried to calculate the CO2 mass content produced from the
calcination process, and Figure 3(a—b) shows the CO2 mass from the stoichiometric experimental
and theoretical results. The results showed that all the investigated limestone produced more than
50 grams of COz2 from 150 grams of limestone. However, the value is 5% lower compared to the
theoretical CO2 mass content. The findings suggested that the calcination reaction only occurs on
the particle surface, not in the whole particles (Ontiveros-Ortega ef al., 2018; Maina, 2013)
resulting in low CO2 mass content. The CO2 mass content in this study was observed similar from
different limestone mines, indicating a similar release rate of CO2 for each calcination temperature.
Another possibility also can be explained by the similar composition of limestone from different
mines that can result in a similar calcination rate, thus resulting in a similar content of CO2. This
finding coincides with Guo et a/. (2015) where the release of CO: is affected by limestone
characteristics, particularly in water content.
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Figure 2. LOI level of limestone from different limestone mines and LOI level of quicklime after
calcination at different temperatures (800, 900, and 1000°C).
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Figure 3. CO2 mass content was produced from (a) experimental and (b) theoretical results of the
calcination process of limestone from different limestone mines under different temperatures
(800, 900, 1000°C).
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4. Conclusions

This study conclude that the West Sumatran limestones produced quicklime with the impurities
less than 1% after calcined at 1000°C. Increasing temperature from 800 to 1000 could increase the
purity of produced quicklime. Further investigation on the particle characteristics of quicklime
after calculations will be examined to evaluate the optimum temperature condition and limestone
characteristics from different limestone mines.

Acknowledgments

This study was supported by the Ministry of Education, Culture, Research and Technology of
Indonesia with grant number 01/LPPM-Penelitian/Hatta/XI1-2021. The authors thank students of
Chemical Engineering of Universitas Bung Hatta: Alfin Syauqi Kharisma, Adinda Ratu Permata,
Selviya Widya Ningsih, Dinda Syahroza, Rina Oktaviana, and Vitria Ramadhani who contributed
to this research.

References

Cabera-Luna, K., Maldonado-Bandala, E. E., Nieves-Mendoza, D., Castro-Borges, P., Perez-
Cortes, P., & Escalante-Garcia, J. I. (2021). Supersulfated cements based on pumice with
quicklime, anhydrate, and hemihydrate: Characterization and environmental impact. Cement
and Concrete Composites, 90, 102787. https://doi.org/10.1016./5.1jggc.2019.102787.

Carran, D., Hughes, J., Leslie, A., Kennedy, C. (2012). The effect of calcination time upon the
slaking properties of quicklime. In: Valek, J., Hughes, J., Groot, C. (eds) Historic Mortars.
RILEM Bookseries, vol 7. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-4635-
0_22.

Energy and Mineral Resources of West Sumatara (2021, December 17), Sumber daya bahan
galian non logam. Retrieved from https://sumbarprov.go.id.

Fedunik-Hofman, L., Bayon, A., & Donne, S. W. (2019). Comparative kinetic analysis of
CaCQOs3/Ca0 reaction system for energy storage and carbon capture. Applied Sciences, 9,
4601. https://doi.org/10.3390/app9214601.

Fuchs, J., Miler, S., Schmid, J. C., & Hofbauer, H. (2019). A kinetic model of carbonation and
calcination of limestone for sorption enhanced reforming of biomass. International Journal
of Greenhouse Gas Control, 90, 102787. https://doi.org/10.1016/j.1jggc.2019.102787.

Giammaria, G., & Lefferts, L. (2019). Catalytic effect of water on calcium carbonate
decomposition. Journal of co2 Utilization, 33, 341-356.
https://doi.org/10.1016/}.J.cou.2019.06.017.

Guo, S., Wang, H., Liu, D., Yang, L., Wei, X., & Wu, S. (2015). Understanding the impacts of
impurities and water vapor in limestone calcination in a laboratory-scale fluidized bed.
Energy Fuels, 29(11), 7572—-7583. https://doi.org/10.1021/acs.energyfuels.5b01218

Houngaloune, S., Ariffin, K. S., Hussin, H. B., Watanabe, K., & Nhinxay, V. (2010). The effects
of limestone characteristics, granulation and calcination temperature to the reactivity of
quicklime. Malaysian Journal of Microscopy, 6(1), 53-57.

Hwidi, R. S., Izhar, T. N. T., Saad, F. N. M., Dahham, O. S., Noriman, N. Z., & Shayfull, Z. (2018).
Characterization of quicklime as raw material to hydrate lime: Effect of temperature on its
characteristics. AIP Conference Proceedings, 2030, 020027.
https://doi.org/10.1063/1.5066668

Jiang, B., Xia, D., Yu, B., Xiong, R., Ao, W., Zhang, P., & Chong, L. (2019). An environment-
friendly process for limestone calcination with CO:2 looping and recovery. Journal of
Cleaner Production, 240, 118147. https://doi.org/10.1016/j.jclepro.2019.118147.

Desmiarti et al., 47
JAAST 6(1): 41-48 (2022)


https://doi.org/10.1016./j.ijggc.2019.102787
https://doi.org/10.1007/978-94-007-4635-0_22
https://doi.org/10.1007/978-94-007-4635-0_22
https://sumbarprov.go.id/
https://doi.org/10.3390/app9214601
https://doi.org/10.1016/j.ijggc.2019.102787
https://doi.org/10.1016/j.j.cou.2019.06.017
https://doi.org/10.1021/acs.energyfuels.5b01218
https://doi.org/10.1063/1.5066668
https://doi.org/10.1016/j.jclepro.2019.118147

Kudlacz, K., & Rodriguez-Navarro, C. (2014). The mechanism of vapor phase hydration of
calcium oxide: Implications for CO2 capture. Environmental Science and Technology, 21,
12411-12418. https://doi.org/10.1021/es5034662.

Lewicka, E., Szulgaj, J., Burkowicz, A., & Galos K. (2020). Sources and markets of limestone
flour in Poland. Resources, 9, 118. https://doi.org/10.3390/resources9100118.

Maina, P. (2013). Improvement of lime reactivity towards desulfurization by hydration agents.
Chemical Science Transactions, 2(1), 147-159. https://doi.org/10.7598/cst2013.233.
Nordin, N., Hamzah, Z., Hashim, O., Kasim, F. H., & Abdullah, R. (2015). Effect of temperature

in calcination process of seashells. Malaysian Journal of Analytical Sciences, 19(1), 65-70.

Ontiveros-Ortega, E., Ruiz-Agudo, E. M., & Ontiveros-Ortega, A. (2018). Thermal decomposition
of the CaO in traditional lime kilns. Applications in culture heritage conservation.
Construction and Building Materials, 190, 349-362.
https://doi.org/10.1016/j.conbuildmat.2018.09.059.

Panjaitan, T.W.S., Dargusch, P., Wadley, D., & Aziz, A. A. (2021). Meeting international
standards of cleaner production in developing countries: Challenges and financial realities
facing the Indonesian cement industry. Journal of Cleaner Production, 318, 128604.
https://doi.org/10.1016/j.clepro.2021.128604.

Romero, M., Padilla, 1., Contreras, M., & Lopez-Delgado, A. (2021). Mullite-based ceramics from
mining waste: A review. Minerals, 11, 332. https://doi.org/10.3390/min11030332.

Sandstrom, K., Brostrom, M., & Eriksson, M. (2021). Coal ash and limestone interactions in
quicklime production. Fuel, 300, 120989. https://doi.org/10.1016/j.fuel.2021.120989.

Vola, G., Bresciani, P., Rodeghero, E., Sarandrea, L., & Cruciani, G. (2018). Impact of rock fabric,
thermal behavior, and carbonate decomposition kinetics on quicklime industrial production
and slaking reactivity. Journal of Thermal Analysis and Calorimetry, 136, 967-993.
https://doi.org/10.1007/s10973-018-7769-7.

Yadav, V. K., Yadav, K. K., Cabral-Pinto, M. M. S., Choudhary, N., Gnanamoorthy, G., Tirth, V.,
Prasad, S., Khan, A. H., Islam, S., & Khan, N. A. (2021). Applied Science, 11(9), 4212.
https://doi.org/10.3390/app11094212.

Zhou, C., Yrjas, P., & Engvall, K. (2021). Reaction mechanisms for H2O-enhanced dolomite
calcination at high pressure. Fuel Processing Technology, 217, 106830.
https://doi.org/10.1016/j.fuproc.2021.106830.

Desmiarti et al., 48
JAAST 6(1): 41-48 (2022)


https://doi.org/10.1021/es5034662
https://doi.org/10.3390/resources9100118
https://doi.org/10.7598/cst2013.233
https://doi.org/10.1016/j.conbuildmat.2018.09.059
https://doi.org/10.1016/j.clepro.2021.128604
https://doi.org/10.3390/min11030332
https://doi.org/10.1016/j.fuel.2021.120989
https://doi.org/10.1007/s10973-018-7769-7
https://doi.org/10.3390/app11094212
https://doi.org/10.1016/j.fuproc.2021.106830

