National Conference on Green Engineering and Technologies for Sustainable Future-2014
Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115

CO; sequestration by lime mud through direct mineral carbonation
T.D. RushendraRevathy?, E. Pavithra 2 K. Palanivelu?, A. Ramachandrant”
Centre for Climate Change and Adaptation Research, Anna University, Chennai-600025, India
2Centre for Environmental Studies, Anna University, Chennai-600 025, India
*Corresponding author: Email id: ram7@annauniv.edu, Tel: +91 44 2235 7464, Fax: +91 44 2235 2244
ABSTRACT

Mineral carbonation is a safe and permanent method for carbon capture and storage (CCS). There exists a wide knowledge gap
in addressing the selection of solid waste and its application for CCS technology. The research and development of this technology is
still in lab scale and a lot of areas are yet to be explored. In India, research in CCS technologies is in very nascent stage, a lot of effort
is needed by the scientific community in order to apply CO, mitigation measures in industries. In the present study, lime mud (LM), an
alkaline waste was used to capture gaseous CO, (100% pure) by direct mineral carbonation (wet and dry) in a pressurized reactor at
room temperature. The carbonation capacity of LM was found to be 48 g and 180.6 g of CO2/kg of LM by dry and wet capture at 10
bar of initial CO, partial pressure for the reaction time of 2 h and 4 h, respectively. The results obtained from this study were confirmed
using FT-IR, XRD, SEM and TOC analysis. These results suggest that LM could be carbonated at low pressure conditions and room
temperature.
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INTRODUCTION

One of the major problems confronting the world is climate change and its related impacts in which CO- plays a major role in
global warming due to its abundance in the atmosphere. Therefore, reducing its emissions will be the greatest industrial challenge of
the 21st century. In this endeavour, India stands as an emerging economy with its energy demand and thereby its CO, emissions are
bound to increase by many folds in the coming years. Only with the advent of CCS technology, the impacts of climate change are
expected to be minimized. Mineral carbonation is a CCS technology that involves the conversion of the inorganic oxides present in the
minerals to carbonates on combining with CO, gas. Mineral carbonation contains the advantages of being a permanent storage option
and also yields products of commercial value. Energy and cost limitations make this less favourable thereby providing a space for
alkaline waste residues as an alternative. Many industrial wastes have been tested in lab scale as well as in pilot scale by the global
scientific community. But in India, very few attempts have been made in this field. A lot of research and development is required in
order to establish this technology in an industrial scale. In this view, the current study aims to study direct mineral carbonation of lime
mud (LM), an alkaline residue generated from paper mill. It is generated after the causticization process and is highly alkaline in nature.
Utilization of LM may also lessen the environmental issues related to its disposal. Thus the main objective of this study is to demonstrate
the carbonation efficiency of LM as a source for CO; sequestration.
MATERIALS AND METHODS
Materials: LM used in the experiments was collected from a paper mill in Tamil Nadu, India. The waste had a pH of 11.94 with the
particle size of <125 um. X-ray fluorescence analysis (Bruker-S4 Pioneer WD-XRF instrument) of LM revealed a high content of CaO
of about 38.68% followed by SiO; of 12.29%. The other constituents are Na,O (3.96%), MgO (1.02%) and K,O (0.31%). The CO; gas
used was 99.99% purity of analytical grade.
Carbonation experiments: All the experiments were conducted in a stainless steel batch reactor fitted with four baffles, a gas port and
a pressure indicator. In dry carbonation experiments, weighed quantity of LM was placed inside the reactor in which CO, gas was filled
at the set value of initial CO; partial pressure. On completion of the experiment, the carbonated LM was taken for carbon analysis in
Analytikjena multi N/C 2100 S Total organic carbon analyzer. For aqueous carbonation, LM water slurry (optimized liquid to solid
(L/S) ratio: 10) was taken in the reactor stirred at 600 rpm. After the experiment, the slurry was filtered and the solid product was oven
dried and analyzed for carbon. Effect of initial CO, partial pressure (2-10 bar) and reaction time on carbonation was studied. All the
experiments were conducted at room temperature and in triplicates.
Characterization of materials: LM was characterized by using Perkin Elmer Fourier Transformer Infrared (FT-IR) spectroscopy and
PANalytical X’pert powder X-ray diffraction (XRD) system. Morphological studies were carried out using Hitachi S-3400N scanning
electronic microscopy (SEM).
RESULTS AND DISCUSSION
Effect of initial CO: partial pressure: Effect of pressure on carbonation of LM through dry as well as wet route is depicted in fig.1.
The maximum carbonation capacity of LM was 48 g/kg and 113.7 g/kg for dry and wet carbonation, respectively at 10 bar for 1 h. In
case of dry carbonation, alkaline metal oxides react directly with CO2 under controlled atmosphere of pressure and temperature as
shown in egn. 1 (Bobicki et al., 2012). The observed high values of carbonation capacity at higher pressure conditions may be attributed
to the fact that at low temperatures, increasing pressure inside the reactor favours carbonation process (Lackner et al., 1999).

CaO + CO;, ——>» CaCOs 1)
In aqueous carbonation, the process proceeds as indicated in egn. 2 that show the dissolution of the CO gas in water and egn. 3 describe
the dissolution of alkaline oxides present from the waste into water. The precipitation of carbonates takes place as shown in eqn. 4
(Bobicki et al., 2012). As per Henry’s law, the solubility of a gas is directly proportional to its partial pressure at a given temperature.
This explains the observed high vales of carbon with pressure (Fernandez-Bertos et al., 2004).

H,O + CO» > H,CO3 —» HCOsz * H* (2)

CaO +H,0 — Ca(OH),—» Ca** +OH" ©))
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Ca?*+ COz> —» CaCOs 4)
Effect of carbonation time: In both dry and wet capture experiments, carbonation capacity of LM increased with reaction time up to
a saturation limit as shown in fig. 3. Under dry carbonation, maximum carbonation capacity of 48 g of CO»/ kg of LM was achieved in
2 h, whereas in wet carbonation, the maximum value was about 181 g of CO»/ kg of LM at 4 h. Though the time taken for reaching this
carbonation value was higher, the amount of CO, captured is about three times as that in dry carbonation. In both the carbonation routes,
passivation may be the reason behind the observed saturated level of carbonation capacity as reaction time increases (Nyambura et al.,

2012).
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Figure.3. FT-IR spectra of LM (a- fresh, b- dry carbonated, Figure.4. XRD of LM (C: Calcite, P: Portlandite)

c- wet carbonated)

Mass balance: The moles of CO; gas consumed in the aqueous carbonation process were calculated using ideal gas law (egn. 5). P is
the net pressure drop attained at the end of the carbonation experiment which is 4.0, V is the volume occupied by the gas inside the
reactor which is 0.51 L, T is 303 K (30 °C) the temperature at which the reaction was carried out and R is universal gas constant
(0.08314472 L bar/K mol). Thus the calculated moles of CO, absorbed are 0.081 for 70 g initially taken inside the reactor. The moles
of CO; that will be absorbed by 1 kg of LM come to 1.16 moles. This value agrees with the observed increase in the carbon content of
LM through aqueous carbonation (49.2 g/kg) wherein the moles of CO, captured come to 1.12.

n=PV/RT (5)
Carbonation efficiency: The maximum CO; sequestration capacity (%) can be calculated theoretically using the Stenoir’s formula
(Nyambura et al., 2012) as shown in egn. 6. The theoretical value comes to 34.19 % i.e 1 kg of LM can sequester 341.9 g of CO, /kg of
LM. Thus the carbonation efficiency achieved through dry and wet carbonation was calculated to be 14.04% and 52.82%, respectively.

CO2 (%) = 0.785(%Ca0-0.7%S03) + 1.091%MgO + 0.71%Na,0 + 0.93%K.0  (6)

Characterization of LM: FT-IR spectra of LM both before and after carbonation are shown in fig.3. The carbonate formation is
confirmed in the after carbonation samples (fig. 3 (b &c)) by the presence of broad peak at 1400 cm™ and also peaks in 800 cm region
(Soong et al., 2006). XRD analysis revealed the presence of portlandite in fresh LM samples (fig. 4 (a)) and in the carbonated samples
(fig. 4(b & c)), these peaks were missing and new calcite peaks were seen. Morphology of fresh LM particles as revealed by SEM is
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shown in fig. 5 (a), showed that the particles were in irregular shape. Fig. 5(b) shows dry carbonated particles with cubic particles owing
to calcite formation. Wet carbonated particles (fig. 5(c)) show well-formed calcite particles.

Figure.6. SEM images of LM (a- before carbonation, b- dry carbonated and c- wet carbonated)

CONCLUSION

In this work, the ability of the industrial waste LM to sequester CO; was studied by direct mineral carbonation. The study
advocates that both initial CO- partial pressure and reaction time influence the carbonation process. The maximum sequestration
capacity of LM attained in aqueous carbonation is 180.6 g of CO2/kg. Thus it can be concluded that direct mineral carbonation of LM
at room temperature and low pressure conditions is an achievable process wherein the waste can be utilized as a resource to combat
climate change and its effects.
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