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Abstract. The current state of increasing CO2 emissions is become challenging due to reduce emissions targeting policy.  One of the processes of catching CO2 is pressure temperature swing adsorption (PTSA) with sorbent clay as an adsorbent material.  The consideration of clay material is due to large availability in Indonesia and its CO2 adsorption potential capacity as good as the Zeolite 13X of 0.7 mol/kg. Pretreatment is required for bentonite to change its structure so that it increases its CO2 adsorption capacity. After going through the initial treatment process, the capacity adsorption CO2 of bentonite increases from 6 to 47 x 10-6 mol/kg due the changing of surface area and pore volume.  
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Introduction
The earth's surface temperature has increased recently, this is due to the Greenhouse Gases (GHGs) accumulation from human and industries activities. GHG heat is retained in the atmosphere and contributes significantly to temperature rise and global warming [1, 2, 3]. GHGs dominated by CO2 gas by 83.83% and  last a very long time in the atmosphere, only 50% can be absorbed by plants and oceans [4]. The rapid growth of global CO2 concentrations will also lead to the potential for an irregular climate and rising sea level levels that could threaten life at sea and most importantly the activity and survival of humanity [5]. CO2 emissions are generated from many sources such as the energy sector in power plants that use fossil-based fuels [6] as well as industries that produce exhaust gases such as the steel processing industry. Figure 1 taken from the 2018 Greenhouse Gas and MPV Inventory Report Ministry of Environment and Forestry of the Republic of Indonesia [10]. Shows a trend of increasing GHG emissions in Indonesia, every year it increases, especially in the energy sector in 2017 reaching 558,890 thousand tCO2e and in the industrial process and product uses (IPPU) sector reaching 55,395 thousand tCO2e. To overcome the increase of GHG emission, many approach already proposed, included Carbon Capture and Storage (CCS), Carbon Capture and Utilization (CCU), lower use burn fossil material and enforcement of clean and renewable energy [7, 8, 9].
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Greenhouse gas emissions by sector type [10]
Therefore, CO2 capture technology has a very important role for the GHG gas reduction and climate change mitigation programs of the world. CO2 capture technology has various methods such as absorption, membrane, adsorption, and chemical looping as shown in Figure 2 [11].
CO2 capture technology is divided into three categories, namely pre-combustion, post combustion and Oxyfuel combustion [4].  Pre-combustion carbon capturing is most widely used in the production of mixed gases or called syngas, which contains mainly carbon monoxide and hydrogen. Carbon monoxide is separated from the mixture and converted into carbon dioxide, then obtained syngas raw materials used in chemical production and as thermal energy store. Oxyfuel combustion uses O2 gas which is purer than free air, with the aim of burning fuel that will produce exhaust gases containing CO2 and water vapor, then the exhaust gas is dehydrated to get CO2 gas. Post combustion carbon capture (PCC) focus on CO2 capture after the fossil fuel combustion process, usually in industry and power plants [4].
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CO2 capture methods [11]
The capture and separation of liquid CO2 in an oxidant environment from the exhaust gases of a combustion system is called post combustion [12], one of the methods in post combustion is the adsorption method that is, the process by which molecules contained in a liquid or gas mixture stick to a solid surface, adsorbents. These molecules, even in small concentrations of flow, can be captured by this selective material. Properties of adsorbed particles (molecular size, molecular weight, and polarity) and adsorbent surface (polarity, pore size and distance) determine the quality of adsorption. The adsorption process is an exothermic process, the regeneration of adsorbents through desorption can be carried out by increasing temperature. However, when compared to the absorption method, the adsorption method uses lower energy. In the post combustion process, an adsorption method can be applied to capture CO2 from exhaust gases.   Process of CO2 capture by adsorption method has been known to have advantages in terms of low investment costs and simple automation operations [13]. The best benefit of CO2 adsorption capture is the material regeneration facility by applying heat and/or vacuum. Generally, the power consumption of the Vacuum Temperature Swing Adsorption (VTSA) process for the capture of CO2 is lower than the absorption of chemicals such as MonoEthanolamine (MEA) solution [14]. Studies on the capture of CO2 adsorption are generally investigated from new adsorbents, simulations and experiments [15]. New adsorbent materials have been synthesized and tested experimentally, and the measurement indicators consist of: working capacity, breakthrough curves and adsorption isotherms [16, 17].
The CO2 capture process that uses the adsorption method is pressure temperature swing adsorption (PTSA), there are many sorbent materials that can be used such as activated carbon, zeolites, and metal organic frameworks (MOFs). In this study, we will review the characteristics of one type of clay  material, namely zeolite as sorbent and other alternative clay materials in the proses of CO2 capture PTSA.
Research Methodology
The method used in this study is the observation of  literature from various sources, both journals and credible government report data. The literature data obtained from these various sources  are then compiled for review on:
•	Pressure temperature swing adsorption (PTSA) process flow.
•	Characteristics of zeolite material in the PTSA process.
•	Alternative clay material  in the PTSA process.
CO2 Capturing Process
Pressure temperature swing adsorption (PTSA)

The PSA process is based on the adsorption of the desired gas (e.g., CO2) on porous adsorbents at high pressure, and gas recovery at low pressure. TSA is based on the adsorption of the desired gas at low temperatures and desorption at high temperatures. Thus, porous sorbents can be reused for subsequent adsorption. PSA technology is considered due to low energy requirements and low capital investment costs [18, 19]. The application of the PSA process to separate and capture CO2 is also being studied [20, 21, 22, 23]. The low recovery rate of CO2 is one of the problems reported on the PSA process. For the PSA process to be successful, the removable sorbent must have high selectivity, high adsorption capacity, and the adsorption and desorption rates for CO2 capture must be increased.
PTSA cycle steps are classified into two main groups:  pressurization and feed are combined into the "adsorption" group, while depressurization, heating and cooling are grouped into the "desorption" group [13].    In Figure 3 shown you for the "adsorption" step, the treated exhaust gas is: it is taken to the compressor where the exhaust gas is compressed at high pressure. Then the compressed gas is fed to the adsorption column and the zeolite-like adsorbent reacts physically with carbon dioxide. The residual exhaust gases eventually radiate into the atmosphere. For the "desorption" step, CO2 is deposited in the heating column to increase the temperature and CO2 is then brought to the product line with a vacuum pump, it means that the column is maintained under atmospheric pressure. After heating and evacuation, the chamber is cooled to 303 o K, which is suitable for the adsorption of CO2 in subsequent cycles, with cooling water circulation. For all adsorption columns, the cycle steps are carried out alternately. Finally, the final gaseous product is compressed and transferred to the storage or usage location [13].
At room adsorption where happen process of adsorption gas exist sorbent material with purpose adsorb the gas that contained on gases then throw away to next process to release with pump vacuum thus generated product of CO2 [13].
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Integrated PTSA system with Coal Burning Power Plant

Figure 4 shows the stages of the process that occurs in the adsorption space:
Stages 1 – 2: the filling process with pressure so that the exhaust gases entering the room will increase. The sorbent material will draw CO2 and release N2.
Stage 2-3-4: evacuation and heating process where CO2 will be absorbed continuously by the vacuum pump and provide thermal energy up to a temperature of Tdes and Peva are balanced.  Increase of temperature and decrease of pressure cause the desorption of the absorbed gas in the sorbent material.
Phase 4-1: cooling process by water, on this phase are not exist again gas left and cycle will recurring back to moment temperature room adsorption same with Tads[13].
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Stages in the PTSA cycle

Characteristics of material sorbent zeolite

One of the sorbent materials that belongs to the clay group is zeolite. This material is a highly porous and highly economical mineral alumina silicate [24]. Based on zeolite-forming units, the zeolite skeleton can be divided into three. First, the primary forming units that are the tetrahedral units of SiO4 and AlO4. Secondly, a secondary unit that is a combination of primary forming units that bind to each other through a ring-shaped oxygen atom. Third, polyhedral building units are composed of several secondary forming units that form pores. The electric charge contained in the zeolite skeleton both on the surface and in the pore causes zeolite to act as a cation exchanger, adsorption, and catalyst. The water molecules in zeolite are molecules that are easily released by heating above 100 o C which results in the pores of the zeolite getting bigger. This state allows zeolite to adsorb molecules smaller than the midline of zeolite molecules [24]. Zeolite in a common shaped powder and usually to sorbent material used deep shape granule or Monolithic like in Figure 5.
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Granule zeolite 13X [25]
The basic properties of zeolite carried by cations allow for the strong capitation of acid molecules by increasing the density of the oxygen skeleton electron [26, 27]. This base strength increases by electro positives from the cation exchange [28].  More specifically, certain studies have shown that the basic strength of cationic zeolite containing Group 1A cations increases as follows: Li+ < Na+ < K+ < Rb+ < Cs+ [29, 30]
Another consideration in the selection of zeolite material is a strong CO2   adsorption affinity compared to N2, zeolite 13X has high adsorption capacity at low partial pressure for exhaust gases PCC. In addition, 13X zeolite is among the most widely used as physical adsorbents for capturing CO2 due to its low cost and profuse availability [31].  Zeolite shows promising results for the separation of CO2 from gas mixtures and can potentially be used in PSA processes. [ 20, 21, 22, 23, 32, 3 3,3 4]. According to the Energy Agency's (IEA) coal research report, the PSA/TSA system will be more energy efficient if the sorbent operates at moderate temperatures (125°C) or higher temperatures (325°C).
Based on studies that have been carried out, the characteristics that determine the ability of adsorption capacity are large pore diameter and large Na/Si ratio as well [35].
Physical properties of zeolite materials

	Properties
	Zeolite type
	Reference

	
	13X
	5A
	4A
	WE-G 592
	APG-II
	





[35]

	Pore diameter (Ǻ)
	10
	5
	4
	10
	10
	

	Composition (weight %)
	
	
	
	
	
	

	Na
	11,7
	3,8
	10,8
	13,7
	8,8
	

	Si
	18,2
	16,7
	16,1
	16,5
	14,3
	

	Na/Si
	0,64
	0,23
	0,67
	0,83
	0,62
	

	Adsorption capacity CO2 (mol/kg)
	0,7
	0,38
	0,52
	0,60
	0,38
	



Table 1 shows the properties of some zeolite materials where the results of the study show that the highest adsorption capacity can be achieved under the conditions of pore diameter and highest Na/Si ratio, namely in Zeolite 13X  with pore diameter = 10 Ǻ, Na/Si = 0,64 and adsorption capacity CO2 = 0,7 mol/kg and Zeolite WE-G 592 with pore diameter = 10 Ǻ , Na/Si = 0,83 and  adsorption capacity CO2  = 0,6 mol/kg  [35].

With large pore diameter will make change process of cation Na+ easier happen, with the presence of cation Na+ will strengthen bond structure zeolite then make more endure on high temperature and absorb CO2 higher. While with smaller pore diameter exchange process of cation Na+ will more difficult thus make bond structure of zeolite will easy broken once applied higher temperature [35]. Shown in Figure 6 structure of zeolite A get change become structure B with the presence of change cation Na+ and next structure of zeolite become structure C then make better properties [35].
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Zeolite structure in the changing process of Na+ cations [35]

Alternative clay material in the PTSA process

Another type of clay material that has the potential to be used as sorbent material in the CO2 capture process is bentonite. Bentonite is a type of soft rock resulting from sedimentation from volcanic ash of volcanic eruptions and reacts naturally with minerals in the earth and its deposited millions of years.  Due to its porous nature, bentonite can combine functions to form composite materials for adsorption, catalysis, and separation. One study reported adsorption and catalytic properties of bentonite layers with iron (Fe), chrome (Cr) and iron/chromium coatings with different Fe/Cr molar ratios [36].  This very soft rock consists of montmorillonite, a mineral clay type of phyllosilicate family formed from fine particles.  Montmorillonite consists of two tetrahedral layers (SiO4) separated by an octahedral layer (Al (OH)6), its chemical formula is (Al, M2+)2 Si4O10 (OH)2, n H2O with M2+ = Mg, Fe (Figure 8) [37].
Bentonite also have shape basis powder with size mesh 200 or 75 microns but to Sorbent material usually deep shape granule like at picture 7.
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Bentonite granule [38]

Bentonite has a special place in water purification [39,40].  High specific surface area, chemical and mechanical stability, layered structure, high cation exchange capacity (CEC), tendency to retain water in its interlayer parts, and the presence of Brønsted and Lewis acidity have made clay an excellent adsorbent material [41, 42]. The chemical properties and pore structure of bentonite generally determine its adsorption ability [43, 44].
The adsorption properties of natural bentonite can be improved by several means such as the intercalation of organic, inorganic, or organometallic molecules in the interlamellar space, and by heat treatment or acidic [45, 46].   The applied method of increasing the adsorption capacity of bentonite consists of: the reaction of bentonite with a solution of strong acid, usually hydrochloric acid (HCl) or sulfuric acid (H2SO4). Acid activation leads to montmorillonite modifications with better properties such as increasing surface area, pore diameter, acid level, and catalytic activity. Natural treatment and montmorillonite treatment with hot mineral acids can replace cations with H+ ions. Gradual washing of Al3+ on both tetrahedral and octahedral parts, however the silicate group remains largely intact [47, 48].
The natural physical properties of bentonite are similar with zeolite only differ in pore diameter and CO2 adsorption capacity as shown in table 2 where bentonite has an adsorption capacity that smaller but along with the treatment of polyethyleneimine (PEI) material the adsorption capacity of CO2 increases [49].
properties of natural bentonite and after PEI treatment

[image: ]

According to the study above, it shows that natural bentonite has the lowest adsorption capacity compared to bentonite which has undergone a treatment process by PEI, the treatment process it changes the structure of bentonite thus changing the pore volume and producing a different adsorption capacity of CO2 [49].
Bentonite in addition to having natural pores, for the Calcium based type can be modified chemically to expand the cross-sectional area as to increase the adsorption ability of the gas. The chemical modification process is called the acid activation process, using a high concentration of sulfuric acid can change and open the bentonite layer   so that the cross-sectional area is larger.  Table 3 shows the influence of the activation results of H2SO4 acid which can open the pores of bentonite to be larger due to the dissolution of impurities in bentonite so that the area its specific cross section increases [50].  As in Figure 8 the structure of bentonite consists of impurities Al, Mg, Fe, OH and others, with the acid activation process then the impurities are dissolved and wasted [50].
Acid activation result data
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Bentonite structure [51]
Conclusion
Based on the review information above then it can be taken that clay material is chosen as sorbent material in the PTSA process because of its good CO2 adsorption capacity as 6 to 47 x 10-6 mol/kg. CO2 adsorption capacity of bentonite will increase after going through pretreatment process to change its structure such as specific area and pore volume. Large pore diameter will give easier Na+ cation exchange process thus better thermal resistance and higher CO2 adsorption capacity.
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