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Abstract: Removal of CO2 from gas streams is one of the essential gas separation processes in many industrial areas such 

as natural gas processing, flue gas treatment, biogas purification, etc. The separation of CO2 by gas-liquid membrane 

contactor modules are promising alternative to conventional techniques such as column absorption. In membrane 

contactor absorption processes the porous hydrophobic membrane acts as a fixed interface between the gas and the liquid 

phase without dispersing one phase into another. Proper choice of absorption liquids plays a vital role in determining the 

performance of gas-liquid membrane contactors for CO2 separation. Alkanolamines are the widely used chemical 

absorbents for CO2 capture. Although CO2 absorption by alkanolamines is a very matured technology and has been 

commercialized for many decades it has many draw backs such as low CO2 loading capacity, high equipment corrosion 

rate, amine degradation, high energy consumption during high temperature absorbent regeneration and large equipment 

size. Amino acid salts are attractive solvents due to their unique properties over other solvents such as low environmental 

impact, high biodegradability, negligible volatility, high resistance to oxidative degradation, viscosities, and surface 

tensions similar to water. Recently ammonia is identified as an emerging chemical absorbent due to its lower energy 

demand for regeneration. TheCO2 absorption capacity of Ammonia is comparable to amine CO2 absorption capacity even 

though ammonia is cheaper than alkanolamines. In addition ammonia is not corrosive and does not suffer from thermal or 

oxidative degradation like amines. On the contrary, reusable products can be formed. However, the main operation 

problem, ammonia slip from the aqueous ammonia solution, limit the widespread use of this hopeful absorption liquid. 
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1 INTRODUCTION                                                                     

Carbon dioxide is believed to be the main gaseous contaminantin the atmosphere. The emission of 

greenhouse gases such as CO2 to the environment causes climatic changes. The greenhouse gas is 

believedto increase the temperature of the earth; accompanying thistemperature increase is extreme weather 

and a projected sea levelrise, which will in turn, be problematic for coastal cities. Therefore,emission of this 

gas to the atmosphere should be low, necessitating itsremoval. The traditional method for CO2 separation is 

amine scrubbing. Although high product yields and purities can be obtained, the disadvantage of this 

method is its high energy consumption in combination with high liquid losses due to evaporation of the 

solvent in the stripper[1], [2]. In addition, as liquid and gas streams cannot be controlled independently, the 

occurrence of flooding, foaming, channeling, and entrainment of the absorption liquid also limits the 

process [3]. 

Membrane technology is a promising method to replace conventional absorption technology. It has high 

energy efficiency, easy to scale up because of its modular design, and has a high area-to-volume ratio [4]. A 

limitation can be found in the permeability-selectivity tradeoff relation. 
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A Gas-Liquid Membrane Contactor (GLMC) combines the advantages of membrane technology with 

those of absorption liquid [4-12]. As a hybrid approach of conventional chemical absorption/stripping 

technology and membrane gas separation, GLMC has been considered as one of the possible alternatives to 

conventional techniques for CO2 capture. In a GLMC, the microporous membrane acts as an interface 

between the feed gas and the absorption liquid without dispersing one phase into another. Hence the 

operational limitations that take place in conventional absorption technology such as flooding, foaming, 

channeling, and entrainment of the liquid can be resolved. Further, the employment of microporous 

membrane elucidates the permeability-selectivity tradeoff relation drawback challenged in membrane 

technology. 

In the GLMC, gas and liquid flow on the different sides of the microporous membrane and membrane 

acts only as a barrier between two phases without dispersing one phase to another. In general, when 

hydrophobic microporous membranes are used in membrane contactors, the gas-liquid interface is 

immobilized at the opening of the pores of the microporous membrane by careful control of the pressure 

difference between the two phases [13]. For applications in gas-liquid absorption/desorption, the driving 

force is based on the concentration gradient. The gas molecules to be separated diffuse from the 

concentrated phase to the gas-liquid interface via the membranes' pores, then contacts the diluted phase on 

the other side. For instance, in the case of CO2/CH4 separation, as shown in Fig.1, CO2 molecules diffuse 

from the feed gas side through the membrane and are then absorbed in the selective absorption liquid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. CO2 molecule transport through microporous membrane 

In GLMC, the mass transfer process consists three steps in series: the transfer from one phase to the 

membrane surface, transfer within membrane pores and transfer from on other phase interface to the bulk. 

Fig.2 (a) shows the concentration profiles that are formed when species “i” is transferred from the gas 

phase to the liquid and if hydrophobic membranes are used. If it is transferred from the liquid to the gas the 

concentration profile is that shown in Fig.2 (b). In order to describe this mass transfer process between two 

phases through porous membrane a resistance in series model based on film theory can be used[14]. The 

resistances to the mass transfer encountered in both cases are those offered by the boundary layers and the 

membrane and can be drawn, as in Fig.3, by considering an electrical analogy [15], [16].  
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Fig. 2. Concentration profiles formed when species “i” is transferred from gas phase to liquid phase through hydrophobic 

membrane 

As shown in the Fig.3 three resistances exist in the resistance in series model: 

• Gas film resistance 

• Liquid film resistance 

• Membrane resistance 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 3. Resistance in series model 

 
 

A general expression used to calculate the flux of the species through the membrane is: 
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whereJ is flux. C1 and C2 are concentration of CO2 in the two phases. Kov is overall mass transfer 

coefficient. kG, km and kL are individual mass transfer coefficient of gas phase, membrane and liquid phase 

respectively. m is physical solubility and E is enhancement factor if any chemical reaction present. The 

correlations used to calculate these individual mass transfer coefficients are summarized by Zhang et 

al[17].  

Hence overall mass transfer coefficient in GLMC, be determined by three individual mass transfer 

coefficients, which in turn be influenced by many factors[14]. Firstly, membrane mass transfer coefficient 

is influenced by many membrane inherent properties such as membrane pore size, porosity and 

tortuosity,which  on the other hand are controlled by adopted fabrication technology. Further membrane 

mass transfer coefficient also subject to whether the membrane's pores are gas-filled (ideal non-wetted 

mode) or liquid-filled (non-preferred wetted mode). Next, the gas and liquid mass transfer coefficients as 

well depend onGLMC module configurations and adopted process parameters during the separation 

process, such as gas and liquid flow rates, temperature, etc. So detailed understanding of these properties is 

vitally important for a complete understanding of GLMC. 

The GLMC for CO2 capture hasattracted great research interest over the past decade of many 

researchers. Although the GLMC for CO2 separation has been extensively studied and proven to be a 

promising alternative for CO2 capture, there is still a long way ahead before this technique to completely 

replace the existing CO2 separation technology. Because yet there are some inherent problems in GLMC 

technology, and these problems have to be resolved successfully to completely commercialize the 

technology. 

Firstly, as the membrane itself represents the core of the GLMC process, polymer material, method of 

fabrication, and fabricating conditions have to be optimized to improve the ultimate membrane morphology 

and performance. In spite of vital developments still, researchers are making efforts to prepare membranes 

that provide outstanding performance in GLMC applications. Particularly several researches are going on 

to fabricate membranes with better hydrophobicity. Further absorption liquid also plays an important role in 

GLMC separation performance. Generally used absorption liquids such as alkanolamines are inherently 

problematic due to their volatility, degradability, and high energy consumption for regeneration. 

Specifically, amine solutions , due to theirlow surface tension can easily penetrate inside the membrane 

pores and cause the membrane wetting slowly with time[18], [19]. So absorption liquids with more 

favorable characteristics for CO2 capture are thus being requested. 

2   ABSORPTION LIQUIDS FOR CO2 ABSORPTION IN GLMC 

In GLMC for CO2 separation the selectivity is provided by the absorbent liquid rather than the porous 

membrane. Therefore proper choice of absorption liquids also plays a vital role in determining the 

performance of GLMC for CO2 separation. The selection of absorption liquid should be based on the 

following criteria: 

a) High absorption ability of CO2: When in contact with the liquid at the gas liquid interface in the 

membrane pores, CO2 absorb into the absorption liquid either physically or chemically. In the case 
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of physical absorption the absorption liquid should have high CO2 solubility, whereas in the case of 

chemical absorption the absorption liquid should have high reactivity with CO2. In both cases 

higher the CO2 absorption rate, higher the CO2 mass flux. So the resistance of the liquid phase can 

be suppressed[17], [20], [21]. 

b) High surface tension: Ideally the absorbent liquid should be unable to wet the membrane. For that 

absorbent liquid should have high surface tension. Although the membranes used for CO2 

separation in membrane contactors are usually hydrophobic, liquids with low surface tension have a 

greater tendency to seep into the membrane pores and wet the membrane. In a wetted membrane the 

resistance from the stagnant liquid layer in the pores is much and it determines the overall mass 

transfer resistance[22].  

c) High chemical compatibility: The absorbent liquid should not react with membrane, which leads to 

changes in membrane morphology and reduction of break through pressure. Chemical compatibility 

is an important factor that decides the long term stability of the membrane module[17], [20]. 

d) High thermal stability: For certain absorbent liquids the chemical reaction with CO2 can be 

enhanced by increasing the liquid temperature. Also heating the liquid to higher temperatures is the 

commonly adopted regeneration method. So the absorbent liquids should possess good thermal 

stability and be chemically stable within a large range of temperature, so that its thermal 

degradation can be avoided. 

e) Low vapor pressure: In order to minimize the solvent losses in high temperature applications 

specifically during regeneration process the solvent should be less volatile. Further if the solvent is 

volatile, its vapor can fill the membrane pores easily and even penetrate through the membrane into 

the gas phase. Therefore, solvent with low vapor pressure are preferred. 

f) Low viscosity: Viscosity of the solution increases the liquid side mass transfer coefficient in GLMC 

applications. Further pumping energy is high to pump the viscous liquid. So ideally the absorbent 

liquid should be less viscous. 

g) Easiness of regeneration: For the absorbent liquid to be recycled it can be easily regenerated after 

the CO2 absorption without deteriorating its fresh liquid features. 

h) Environmental safety: The purpose of removing CO2 from process gas streams by absorbing in to 

the absorption liquids is mitigating the harsh environment effect caused by CO2. This ultimate goal 

should not be suppressed by using adverse chemical solvents that cause harm to the environment. 

Hence, the selected absorption liquid should be environmental friendly. The absorption liquid itself 

should not have any environmental or toxicity issue. Also it should not form any toxic degradation 

products after CO2 absorption. 

Conventionally used absorbent liquid for CO2 absorption can be either physical absorbent or chemical 

absorbent.  

 
2.1 Physical absorbent 

The operation of physical absorption is based on Henry’s law. Typically in the physical absorption 

process, CO2 is absorbed under high pressure and low temperature and desorbed at reduced pressure and 



            J. Res. Technol. Eng. 2 (3) , 2021, 18-32 

23 
JRTE©2021 

increased temperature. Water has been used as a physical solvent in many CO2 absorption studies. There 

are many existing commercial processes such as Selexol Process, Rectisol Process, Purisol process, 

Morphysorb Process and Fluor process are using chemicals as physical absorbents to absorb CO2 from 

process gas streams[23], [24]. The absorbents are dimethyl ether or propylene glycol for Selexol Process, 

methanol for Rectisol Process, N-methylpyrrolidone for Purisol Process, morpholine for Morphysorb 

Process and propylene carbonate for Fluor Process. The major advantage of using the physical absorbent is 

that it can be regenerated easily. However, the physical absorbent in GLMC have been studied by only a 

few researchers[25], [26]. Because of its low CO2 absorption flux and removal efficiency, the physical 

absorbent is not an ideal choice. 

 
2.2 Chemical absorbent 

The operation of chemical absorption is based on the chemical reaction between the absorbent liquid and 

CO2. CO2 is absorbed into the liquid by reacting with the chemical species in the liquid and is commonly 

desorbed by increasing the liquid temperature to a higher value. Alkanolamines are the widely used 

chemical absorbents for CO2 capture[17], [20], [24], [27], [28]. Although CO2 absorption by alkanolamines 

is a very matured technology and has been commercialized for many decades, it has many drawbacks such 

as low CO2 loading capacity, high equipment corrosion rate, amine degradation, high energy consumption 

during high temperature absorbent regeneration and large equipment size[20], [24]. Therefore, several 

researches are going on with the objective of finding effective and efficient absorbent liquid for CO2 

capture.  

Various types of physical solvents have been studied as abortion in liquid in GLMC application[29]. Due 

to the enhanced flux and high removal efficiency chemical absorbents rather than physical solvents are 

preferred in GLMCs. Conventionally used alkanolamines have been widely studies as an absorbent liquid 

in GLMC[17], [20], [28]. Other solvents like NaOH, K2CO3, amino acids, ammonia and ionic liquids also 

attract special interest, and currently, these liquids are widely studied by researchers as a promising 

alternative to conventional absorption liquids[24]. Subsequent paragraphs describe the chemistry of mostly 

used absorption liquids and compare the pros and cons of these absorption liquids in GLMC applications. 

 
2.2.1 Alkanolamines 

Alkanolamines are chemical compounds that contain both hydroxyl (-OH) and amino (-NH2, -NHR, and 

-NR2) functional groups on an alkane backbone. CO2 absorption into alkanolamine solutions occurs mainly 

as a result of the amine group of the alkanolamine molecule. The chemical structure of the specific amine 

determines how it’s react with CO2 and its CO2 absorption capability.  Absorption using alkanolamines is a 

common industrial method to remove CO2 from process gases. Molecular structures of commonly used 

alkanolamines are given in Fig4.  Different types of amine have different reaction mechanism and kinetics. 

Tertiary amines differ from primary, secondary amines and sterically hindered amines differ from non-

sterically hindered amines. 

 
Chemical reactions of CO2 with aqueous alkanolamine solutions 

The reaction between CO2 and amines are highly exothermic acid base reaction. The amino group in the 

alkanolamines provides the basicity (while the –OH group results in increased solubility of alkanolamine in 
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water) to its aqueous solutions. So these alkanolamines due to its basicity readily react with acidic CO2. 

The reaction of CO2 with primary, secondary and sterically hindered amines is mostly described by 

zwitterion mechanism, whereas the reaction of CO2 with tertiary amines is described by the based-

catalyzed hydration mechanism[30]. The chemical reaction involved in CO2 absorption by primary, 

secondary and hindered alkanolamine are [31]: 

𝑅1𝑅2𝑁𝐻 + 𝐶𝑂2↔𝑅1𝑅2𝑁𝐻
+𝐶𝑂𝑂− (𝑧𝑤𝑖𝑡𝑡𝑒𝑟𝑖𝑜𝑛)                      (4) 

𝑅1𝑅2𝑁𝐻
+𝐶𝑂𝑂− + 𝐵 ↔ 𝐵𝐻+ + 𝑅1𝑅2𝑁𝐶𝑂𝑂

−(carbamate)       (5) 

𝑅1𝑅2𝑁𝐶𝑂𝑂
−↔𝑅1𝑅2𝑁𝐻 +𝐻𝐶𝑂3

−                   (6) 

𝐻𝐶𝑂3
−↔ 𝐶𝑂2 + 𝑂𝐻

−                                                                           (7) 

where B is any base, which can be amine, water or OH−1 in an aqueous solution. 
 

Primary amines 

Monoethanolamine (MEA) 𝑁𝐻2 − 𝐶𝐻2 − 𝐶𝐻2 −𝑂𝐻 

Diglycolamine (DGA) 𝑁𝐻2 − (𝐶𝐻2)2 − 𝑂 − (𝐶𝐻2)2 − 𝑂𝐻 

Secondary Amines 

Diethanolamine  (DEA) 𝑁𝐻1 − (𝐶𝐻2 − 𝐶𝐻2 − 𝑂𝐻)2 

Tertiary Amines 

Triethanolamine (TEA) N − (𝐶𝐻2 − 𝐶𝐻2 − 𝑂𝐻)3 

Methyldiethanolamine (MDEA) 𝐶𝐻3 − 𝑁 − (𝐶𝐻2 − 𝐶𝐻2 − 𝑂𝐻)2 

Hindered Amines 

2-amino-2-methyl-1-proponol (AMP) 𝑁𝐻2 − 𝐶 − (𝐶𝐻3)2 − 𝐶𝐻2 − 𝑂𝐻 

 

Fig. 4. Molecular structures of commonly used alkanolamines 

 

Commonly it is believed the reaction between CO2 and primary, secondary or hindered amine is first 

order in amine and first order in CO2.  According to the steady-state principle to the intermediate 

zwitterion, the rate of reaction of CO2 in the aqueous solutions can be expressed as[31], [32]: 
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𝑟 =
𝑘1(𝐶𝑂2)(𝑅1𝑁𝐻2)

1+
𝑘−1
𝑘𝐵(𝐵)

                               (8) 

where k1  and k-1 are respectively the forward and backward reaction rate constants for reaction (4). kB is 

the backward reaction rate constants for reaction (5). After some modifications and assumptions such as the 

amine concentration remain constant for a particular case, the reaction equation (8) has been simplified 

further to have single constant kapp and the following pseudo-first order rate expression results[32].  

𝑟𝐶𝑂2 = 𝑘𝑎𝑝𝑝([𝐶𝑂2] − [𝐶𝑂2]𝑒)            (9) 

where [CO2]e is the concentration of molecular CO2 that is in equilibrium with the other ionic and non-

ionic species present in the solution. The significant of reaction equation 9is, it can be applied to both 

absorption and desorption. 

The chemical reaction involved in tertiary alkanolamine is: 

𝑅1𝑅2𝑅3𝑁 + 𝐶𝑂2 + 𝐻2𝑂 ↔ 𝑅1𝑅2𝑅3𝑁𝐻
+ + 𝐻𝐶𝑂3

−      (10) 

The rate expression for reaction (10) can be written as: 

𝑟𝐶𝑂2 = −𝑘3[𝑅1𝑅2𝑅3𝑁][𝐶𝑂2] +
𝑘3

𝐾3
[𝑅1𝑅2𝑅3𝑁𝐻

+][𝐻𝐶𝑂3
−]        (11) 

where k3 is the reaction rate constant of reaction (10). K3 is equilibrium reaction rate constant of reaction 

(10). 

After some modifications and assumptions such as the forward reaction is the dominant one and that the 

amine concentration does not change appreciably during one particular process reaction equation (10) can 

be simplified as Equation (8)[32]. 

It should be noted the reaction of primary secondary and hindered amine with CO2 form carbamate 

whereas the reaction of a ternary amine with CO2 form bicarbonate. Comparing to carbamate the 

bicarbonate dissociates easily[24]. Subsequently the CO2absortion with ternary amines are more energy 

intensive than the CO2absortion with primary amines in terms of solvent regeneration. Further fromreaction 

equation (6), it can be seen that carbamate can be transformed into free amine molecules for further 

reaction with CO2. The stability of the carbamate determines the enthalpy of dissociation for free amine 

release in reaction equation (5)[24], [32]. Steric character of amines reduces the stability of the formed 

carbamate. Therefore strictly hindered amines such as AMP can be regenerated easily for further 

CO2absortion. 

 
Commonly used alkanolamines for CO2 absorption 

The alkanolamine most studied for CO2 absorption is MEA. The advantage of MEA is its fast reaction 

with CO2 and favored complete removal of CO2 from process gas streams.  The reactivity of amines to CO2 

follows the order primary, secondary and ternary amines, for example, the reaction constants with CO2 are 

7,000, 1,200 and 3.5 m3s-1kmol-1 for MEA, DEA and MDEA at 25°C, respectively[24]. The presence of 
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hydroxyl group enables MEA to readily dissolve into polar solvents such as water and commonly 20 to 30 

%w/w MEA solutions are used in industrial applications. Generally, the concentration of MEA in the 

solution is limited to 30 wt% due to problems with degradation products causing corrosion of the 

equipment[33]. The reaction of CO2 with MEA leads to the formation of stable carbamate; thus to 

regenerate the MEA solution it has  to be heated up to 120 °C and needs a heat load of 165 kJ per mole of 

CO2. Up to 80% of the total cost of absorption/desorption can be attributed to the regeneration process even 

with the effective integration of waste heat[34]. 

Hence tertiary amines such as MDEA, which absorb CO2 by bicarbonate formation have been 

considered by several researchers[24], [35].  Although they have lower heat of absorption, the rate of 

absorption is slow compared to primary and secondary amines. Consequently, to overcome this problematic 

trade- off between capture rate and energy consumption during regeneration hindered amines and uses of 

blends of different classes of amines are being explored. Sterically hindered amines such as AMP are 

chemical compounds containing an amine functional group surrounded by a crowded steric environment. 

Due to this molecular structure of sterical hindering the carbamate formed by CO2 absorption is less stable. 

Generally, the introduction of this type of steric hindrance to the amine group has been found to increase 

the CO2 solubility and lower the heat of absorption[24]. So sterically hindered amines have been 

considered as a promising option for CO2 capture by several researchers.  

The idea of blended amines are to combine an amine presenting a low heat of absorption with a fast-

reacting solvent[24]. Most formulations of the blended amines are tertiary amine-based. MDEA is gaining 

recognition as the key component of the blended amines because of its low energy requirements for 

regeneration and comparable CO2 solubility[35]. An addition of a relatively small amount of a primary 

amine such as MEA or secondary amine such as DEA into the MDEA solution enhances the rate of 

capturing while maintaining the advantages of MDEA[35], [36]. The fast reacting amine in this process is 

often called a promoter. Piperazine (PZ), a cyclic diamine which has been also widely used as the promoter 

for CO2 capture because of its rapid formation of carbamate with CO2[24]. As being a great CO2 capture 

promoter, PZ have been studied by several researchers[37]–[39]. 

Numerous alkanolamine based solvents are presently being studied as absorbent liquid in GLMC 

applications. However, alkanolamines are inherently problematic, due to their volatility, degradability, and 

high energy consumption for regeneration[40]. Specifically amine solutions due its low surface tension, can 

easily penetrate inside the membrane pores and cause the membrane wetting slowly with time[18], [19]. So 

absorption liquids with more favorable characteristics for CO2 capture are thus being requested.  

 
2.2.2 Amino Acid Salts 

Aqueous alkaline salts of amino acids are promising alternatives among various novel solvents that have 

been investigated with the objective of achieving reduced energy consumption for solvent regeneration and 

eliminating the operational difficulties encountered in alkanolamines based CO2 removal systems[33], 

[41]–[45]. CO2 absorption using amino acids is a biomimetic approach to CO2 captures, due to its similarity 

to CO2 binding by proteins such as hemoglobin[46]. Amino acid salts (AAS) are attractive solvents due to 

their unique properties over other solvents such as low environmental impact, high biodegradability, 

negligible volatility, high resistance to oxidative degradation, viscosities and surface tensions similar to 

water[18], [19], [41]–[43], [47]. Further AAS shows better stripping performance compared to 
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conventional amines[48], [49]. These are the ideal properties needed by membrane contactor absorption 

liquid. Therefore, interest has grown in the performance of different AAS such as sodium, potassium and 

lithium salt of sarcosine, glycine, alanine, taurine and proline and the CO2 absorption characteristics for 

common amino acids salts are under extensive investigation. Until today AAS commercially used for post 

combustion CO2 capture and patented processes using amino acids and their alkaline salts in post-

combustion capture are summarized elsewhere[50]. Because of its promising characteristics AAS have 

drawn attention in recent years at both the academic and commercial level for natural gas sweetening in 

GLMC. 

Amino acids are amphiprotic species that contain at least one acidic carboxyl or sulphonyl group and one 

basic amino group attached to the α- carbon (HOOC-CHR-NH2)[50]. The chemical variationsof the amino 

acids come from the differences in side chain R, which is an organic substituent also attached to the α 

carbon. Depend on structure of side chain R it can be primary, secondary or hindered amino acid.  

Amino acids present as zwitterions (form II in Reaction (12)) in an aqueous solution. To react with CO2 

it should have the form III in Reaction (12). This deprotonation is favored by adding strong base which 

fully shifts the equilibrium toward form III in Reaction (12). The reaction scheme between AAS and CO2is 

given in Fig. 5. Since amino acids have the same amine functionality as alkanolamines, AAS solutions have 

something like same reaction kinetics and mechanism for CO2 absorption as described for alkanolamines.  

HOOC − CHR − NH3
+

I

       −H+     

↔     
OOC − CHR − NH3

+−

II

         −H+       

↔       
OOC − CHR − NH2
−     

III
(12) 

 

Fig. 5. Reaction scheme for CO2 absorption in aqueous amino acid salt solution 

The new proposed method to increase energy efficiency of CO2 separation process by absorption liquid 

is enhanced CO2 desorption (based on pH-shift). Which contribute significantly to reduction of 

regeneration energy[38], [43]. The pH change decreases the CO2 solubility of the solvent and emits CO2 

into the gas phase from the absorbent liquid. Also lower pH stimulates the carbamate hydrolysis to 

zwitterion species. Altogether lower pH shifts the CO2 reaction equilibrium towards the release of CO2 

(Fig.5).Several methods used by researchers in order to alter the absorbent liquid pH. It is simple to change 

the amino acid salt solution pH by using asymmetric solutions of amino acid  and alkali salt (i.e. solutions 

containing different molar amounts of amino acid and base). 

 The main negative aspects of these AAS are the formation of a solid product when absorbing CO2, 

which happens especially for solutions at high amino acid salt concentration and at high liquid CO2 

loading. The formation of solids poses challenges such possible plugging and fouling of the gas-liquid 

membrane contactors and increase mass transfer resistance in long term operation. So these AAS solutions 

have to be used with care below precipitation regime. Although being more expensive than alkanolamines, 
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a number of advantages make amino acid salt solutions attractive solvents.   

2.2.3 Ammonia 

Aqueous ammonia is a weak alkali solution, and CO2 reacts with ammonia based on acid-base chemical 

reaction. The reaction between ammonia and carbon dioxide is, similarly to the reaction between CO2 and 

primary and secondary alkanolamines, expected to proceed via the well-known zwitterion mechanism[51]. 

Although the chemical reaction between ammonia and CO2 happening through a series of chemical 

reaction, the overall chemical reaction between aqueous ammonia and CO2 is: 

𝑁𝐻3 +𝐻2𝑂 ↔𝑁𝐻4𝑂𝐻           (13) 

𝑁𝐻4𝑂𝐻 + 𝐶𝑂2↔𝑁𝐻4𝐻𝐶𝑂3    (14) 

The product from the aqueous ammonia process is ammonium bicarbonate, which can be easily 

regenerated by heating into NH3, CO2 and H2O compared to carbamate formed by amines and amino acids. 

Ammonia is now documented as an emerging chemical absorbent in CCS specifically due to its lower 

energy demand for regeneration[52]–[55]. Ammonia could significantly reduce the energy regeneration 

demands and save up to 75% energy compared to MEA. Moreover CO2 absorption capacity of ammonia is 

comparable to amine CO2 absorption capacity even though ammonia is cheaper than alkanolamines[55]. In 

addition ammonia is not corrosive and does not suffer from thermal or oxidative degradation like amines. 

On the contrary, reusable products can be formed. For instance when NH4HCO3 recovered in crystalline 

form, it can be used as an ammonia rich fertilizer as well as a feed stock in commercial manufacture[56]. 

However the main operation problem i.e. the ammonia slip from the aqueous ammonia solution limits the 

widespread use of this hopeful absorption liquid. Two techniques are investigated by researchers to 

overcome this ammonia escape problem. One is using chilled ammonia other one is mixing additives 

inhibiting ammonia escape from the aqueous solution[53], [57]. 

The use of aqueous ammonia for capturing CO2 through GLMC has been studied by few researchers[52], 

[54], [58], [59]. The added advantage is by using GLMC the escape of ammonia from the solution can be 

controlled. The main problem of adopting aqueous ammonia to absorb CO2 in GLMC is the extensive 

membrane wetting caused by aqueous ammonia solution and the resulted mass transfer deterioration during 

long term operation[22], [58]. Attempts were made by researchers in order to overcome this problem by 

adding alkaline salts to aqueous ammonia solution[54], [56]. This is because the addition of electrolytes 

increases the surface tension of the aqueous ammonia solutions as aqueous electrolytes possess surface 

tensions higher than pure water. Further some researchers tried to use composite membranes to avoid 

membrane wetting[54], [58]. In composite HFMs a thin dense layer added to a microporous support acts as 

a physical barrier facing the liquid phase[13], [22]. In that case, wetting is suppressed while mass transport 

performances can be found comparable to those observed in microporous membrane. Indeed, a chemically 

resistant composite fiber made of a thin dense layer ideally highly permeable to CO2 but less permeable to 

NH3 could be ideal candidate in GLMC applications as this can potentially lead to a high CO2 mass transfer 

intensification while drastically lowering ammonia slip. 
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3   CONCLUSION 

In many industrial processes such as natural gas processing, flue gas treatment, biogas purification, etc. 

removing CO2 from gas streams is one of the essential gas separation processes. The traditional method for 

CO2 separation is amine scrubbing. Although high product yields and purities can be obtained, the 

disadvantage of this method is its high energy consumption in combination with high liquid losses due to 

evaporation of the solvent in the stripper. In addition, as liquid and gas streams cannot be controlled 

independently the occurrence of flooding, foaming, channeling and entrainment of the absorption liquid 

also limits the process.Membrane technology is a promising method to replace the conventional absorption 

technology. It has a high energy efficiency, easy to scale-up because of its modular design and it has  high 

area-to-volume ratio. A limitation can be found in the permeability-selectivity tradeoff relation.A Gas- 

Liquid Membrane Contactor (GLMC) combines the advantages of membrane technology with those of 

absorption liquid. As a hybrid approach of conventional chemical absorption/stripping technology and 

membrane gas separation, GLMC has been considered as one of the possible alternative to conventional 

techniques for CO2 capture. 

In GLMC for CO2 separation the selectivity is provided by the absorbent liquid rather than the porous 

membrane. Therefore proper choice of absorption liquids also plays a vital role in determining the 

performance of GLMC for CO2 separation. The selection of absorption liquid should be based on factors 

such as high absorption ability of CO2, high surface tension, high chemical compatibility, high thermal 

stability, low vapor pressure, low viscosity, easiness of regeneration and environmental safety. 

Numerous alkanolamine based solvents such as MEA, DEA and MDEA are presently being studied as 

absorbent liquid in GLMC applications. However, alkanolamines are inherently problematic, due to their 

volatility, degradability, and high energy consumption for regeneration. Specifically amine solutions due its 

low surface tension, can easily penetrate inside the membrane pores and cause the membrane wetting 

slowly with time.  

AAS such as sodium, potassium and lithium salt of sarcosine, glycine, alanine, taurine and proline are 

attractive solvents due to their unique properties over other solvents such as low environmental impact, 

high biodegradability, negligible volatility, high resistance to oxidative degradation, viscosities and surface 

tensions similar to water. Further AAS shows better stripping performance compared to conventional 

amines.The main negative aspects of these AAS are the formation of a solid product when absorbing CO2, 

which causes plugging and fouling of the gas-liquid membrane contactors and increase mass transfer 

resistance in long term operation.  

Ammonia is now documented as an emerging chemical absorbent due to its lower energy demand for 

regeneration. In addition ammonia is not corrosive and does not suffer from thermal or oxidative 

degradation like amines. On the contrary, reusable products can be formed. However the main operation 

problem i.e. the ammonia slip from the aqueous ammonia solution limits the widespread use of this hopeful 

absorption liquid.  

Hence, finally all absorption liquids investigated to be used as absorption liquid in GLMC applications 

for CO2 separation have their own pros and cons. So absorption liquids with more favorable characteristics 

for CO2 capture are thus being requested. 
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