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Technologies for the management of various types of waste and the production of useful products from them are currently

widely studied. Both carbon dioxide and calcium-rich waste from various production processes are problematic wastes

that can be used to produce calcium carbonate. Therefore, the purpose of this paper is to provide an overview about the

state of the development of processes that use these two wastes to obtain a valuable CaCO3 powder.
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1. Introduction

Carbon capture and storage (CCS) and carbon capture and utilization (CCU) technologies are the most popular

processes to reduce CO  emissions  and play an important role in meeting the global targets specified at COP25 .

In the case of both technologies, three main CO  capture systems depending on the type of combustion process can be

distinguished, post-combustion, pre-combustion, and oxyfuel combustion . The choice of capture technology

depends on the type of plant, i.e., the composition of the exhaust gas . Post-combustion technology is the simplest to

implement and is mainly based on chemical absorption . Thus, this option is usually used as a modification to

existing power plants. However, due to the low CO  content in flue gases (4% in the case of natural gas combustion, 7–

14% in the case of coal combustion), it is relatively expensive to obtain a gas stream with more than 95% CO  using this

technology. This is due to the fact that low CO  concentration negatively affects the capture efficiency .

CCS technology is applicable to large CO  point emission sources and involves the capture of waste CO  from plants,

including power plants or cement factories and then its transport to the storage site . Most often, waste CO  is stored

in geological formations. The advantage of CCS technology is its high CO  capture efficiency, which is usually above 80%

. However, large-scale deployment of CCS technology is not widespread so far due to both economic and technical

barriers. First of all, the main obstacle is the unprofitability of such technology, as it requires a large financial investment

. Moreover, in some countries such as Norway, Great Britain, India, or Brazil, the geological possibilities for CO

storage are very limited, which increases the costs of transport and injection, making the CCS solution an unrealistic

option .

In order for CO  capture to be a cost-effective process, either more efficient absorbents than commonly used should be

applied, or alternative technological strategies should be implemented. In recent years, many alternatives to conventional

CCS technologies, such as CCU, have been proposed . Such technologies allow for reuse of captured CO ,

which may partially offset the total cost of carbon capture and storage . CCU technology includes CO  absorption from

anthropogenic emissions and its use as a substrate for the synthesis of valuable products such as concrete, plastics,

fillers, or reagents for chemical synthesis . One of the processes in which waste carbon dioxide from various

sources can be applied as a substrate is carbon mineralization. An overview of mineral carbonation and its market

potential has recently been presented  and an economic analysis of the various methods of CO  utilization has been

prepared by Hepburn et al. . They show that mineral carbonation is one of the methods that comes closest to large-

scale commercialization due to thermodynamically favored and economic considerations. Furthermore, it is possible to

use numerous industrial wastes as other substrates when the product of the mineral carbonation is calcium carbonate.

Such solution ensures effective recycling of both gaseous CO  and liquid industrial waste, and in addition obtained final

product can be applied in many industries .
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2. CaCO  Precipitation Methods

2.1. Carbonation Method

Carbonation is the main method used for the production of calcium carbonate on an industrial scale. This process involves

the introduction of gaseous carbon dioxide into the reaction mixture being an aqueous solution containing calcium ions.

Calcium hydroxide suspension (gas-suspension system) is used as the source of Ca  ions and in this case the alkaline

environment causes CO  to be easily absorbed . Equation (1) provides the overall reaction:

The alternative is a gas-liquid reaction with a Ca  ion source in the form of an aqueous calcium salt solution such as

CaCl  and with the presence of absorption promoter such as amines or ammonia. In the presence of ammonia, the overall

reaction presented in Equation (2) occurs in the solution:

Generation of supersaturation in solution, and consequently induction of calcium carbonate crystals nucleation and growth

is possible due to CO  absorption, which rate is the limiting factor. Ammonia hydrolysis results in the formation of hydroxyl

ions. Bicarbonate ions are formed rapidly by the direct reaction between CO  and OH  ions, after which they are

transformed to carbonate ions. The last stage is the reaction between Ca  and CO , whereby CaCO  is precipitated

. Changes in the composition of the aqueous phase cause a change in the solubility of carbon dioxide, which affects

the driving force of absorption . The rate of CO  absorption in aqueous solutions, in turn, has an impact on the rate of

chemical reaction between carbonate and calcium ions, and depends on parameters such as mass transfer coefficient,

equilibrium and actual CO  solubility, and contact liquid gas. When the absorption of carbon dioxide is accelerated, the

rate of precipitation increases as well . Temperature is an important parameter influencing the course of the calcium

carbonate formation. The solubility of CO  in solution is described by Henry’s law and the increase in temperature results

in a decrease in CO  solubility, and thus in a decrease in the rate of CO  absorption . On the other hand, the reactions

of CaCO  formation with the use of gaseous CO  are exothermic, i.e., with the release of heat. Therefore, most of the

research is conducted under moderate temperature conditions, which favors the CO  transfer from the gas phase to the

liquid phase.

2.2. Liquid-Liquid Method

Another method of calcium carbonate production used in industry is the liquid-liquid process in which aqueous solutions

containing calcium and carbonate ions are mixed . It is often used in laboratory tests due to the ease of controlling

process variables . In the literature, a lot of studies can be found in which aqueous solutions of CaCl  and Na CO  ,

as well as Ca(OH)  and H CO   are used. The source of carbonate ions can also be (NH ) CO , while calcium acetate

as the source of Ca  ions  may be applied. An example of a general reaction can be written as Equation (3):

3. Conclusions

Nowadays, a lot of attention is paid to the issue of the increasing amount of produced industrial waste, which is a serious

environmental hazard. Numerous attempts are made to develop and implement technologies aimed at both disposal and

reuse of this waste. Carbon dioxide emitted during the combustion of fuels or released during the manufacture of many

products is indicated as one of the main greenhouse gas that contributes to rapid global warming. Another group of

nuisance pollutants is calcium-rich wastes, such as distillation liquid from the Solvay process, metallurgical slag from steel

production, cement industry waste, gypsum waste, ash from paper sludge and oil shale ash. The alkalinity of individual

liquid waste and the liquid after leaching of solid waste allows them to be used to capture carbon dioxide from flue gas.

Therefore, an interesting idea for the management of CO  and Ca-rich waste is to develop a technology for producing

calcium carbonate via carbonation route. Such technologies help reduce harmful emissions while producing a valuable

product that can be sold and used in many industries, such as paper, rubber, pharmaceuticals, and many others.

Therefore, an important criterion in the evaluation of these technologies is the possibility of producing CaCO  meeting

numerous criteria, such as high purity, adequate humidity, particle size, and shape, or polymorphic form. In addition, for

the technology of calcium carbonate precipitation from waste liquids and CO  to be successfully implemented in

production, this process must be characterized by low electricity demand. In general, the technology must be

economically viable, so that the benefit from the sale of precipitated CaCO  should be more profitable higher than the cost

of its production. Therefore, most of the technologies proposed and described in this work are carried out at room
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temperature and atmospheric pressure, so as not to generate additional costs associated with heating or maintaining the

desired pressure of the reaction system. However, there are many other obstacles, such as the necessary reagent

regeneration processes, which are expensive, or the generation of other waste streams for which further utilization

processes should be implemented. An important issue is also the fact that most potential Ca-rich waste is in solid form,

which requires the extraction of calcium ions into the solution. Therefore, the efficiency of the Ca ion leaching process is

another important factor influencing the profitability of the designed process. In addition, the implementation of a given

waste management technology may also be determined by political factors, when legal regulations of a given country

force entrepreneurs to reduce emissions and pollutants.
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