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ABSTRACT: Aqueous solvent of Piperazine activated MDEA has been the focus of research over the last 
decade because of the desire to obtain more efficient and economical chemical absorption solvent to eliminate 
acid gases from natural gas. As well as being the promising technology which could be employed to control and 
reduce carbon dioxide emissions from fuel gas. However, the substantial disadvantage of this technology is high 
energy requirements. Though, the main objective facing this process is to select the most efficient and 
appropriate amine solvent with the least energy consumed while preserving the higher capture of CO2. 
Therefore, this research aims to investigate the influence of Piperazine on the efficiency of acid gases capture. 
Aspen plus was employed to simulate an absorption plant and to investigate the influence of several variables on 
process efficiency. Increasing Pz concentration rises the efficiency of absorption process, but till a particular 
limit. Similarly, increasing amine circulation rate rises the absorption process efficiency as long as below the 
equilibrium rate. Increasing lean amine temperature was found to affect the absorption process negatively, 
exactly contrary to the behavior of pure MDEA. Finally, the regeneration energy is directly affected by any 
change in the mentioned operating factors. 
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INTRODUCTION 
 
High population growth and industrialization has raised up the global demand for energy, mainly the demand of 
fossil fuels such as oil, natural gas, coal, etc. However, due to the environmental trends towards a healthy 
environment away from carbon emissions and other contaminants, the demand for natural gas has increased 
because it is considered the only fossil fuel with the least impact on the environment [1]–[5]. Though, at 
geological circumstances, natural gas consists of some impurity such as H2S, CO2 and CO, which could 
comprehend critical environmental threats. Carbon dioxide emissions are believed to be the major contributor to 
global warming, as well, it is known as a corrosive agent which may cause blockage and failure of processing 
plant [2][3]. On the other hand, hydrogen sulphide (H2S) is a virulent gas that could cause severe damage to 
humans and environment. Therefore, the elimination of acid gas contaminants from natural gas is an essential to 
satisfy the gas specifications and environmental regulations [8].  
 
Aqueous alkanolamines such as methyldiethanolamine (MDEA), monoethanolamine (MEA), and 
diethanolamine (DEA) are frequently utilized for the recovery of acid gases from natural gas. However, MEA 
and DEA amines have a high ability to interact with carbon dioxide, but the heat required for regeneration is 
very high. Conversely, MDEA has less ability to interact with carbon dioxide, but required much lower heat of 
regeneration [9]. In addition, MDEA is very reactive with H2S. However, an appropriate amine solvent should 
be properly utilized for the acid gas removal process, due to its essential importance in determining the 
equipment size and operating costs. Moreover, it has been stated that about 60% of the start-up capital for the 
amine absorption unit were related with amine circulation rate and regeneration requirements [10]. Over the past 
few years, MDEA amine has been widely used due to its features such as low heat of regeneration, high loading 
capacity, low corrosion tendency, and the high removal selectivity of H2S from the gas stream [11]. However, 
many amine blends and amine activators were recently investigated to enhance the acid gas removal process 
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with higher efficiency and at minimal cost. Therefore, an activator that has very high reactivity with CO2 such 
as piperazine (PZ) could be used to enhance the MDEA amine reactivity with CO2, stability, and to decrease the 
required heat of generation [12][13], [14]. 
 
The performance of MDEA amines and MDEA blends on absorbing acid gases from NG have been investigated 
over the last years [15][16][17][18] [19]. However, in this research, the absorption of acid gases into PZ 
activated MDEA solvents has been investigated at different concentrations of MDEA/PZ in solutions as well as 
various operation conditions of the absorber and the regenerator in order to achieve the most efficient and 
economical process. This study was conducted for the intention of developing an expectant natural gas 
processing facility at Al-Halfaya site, Maysan, Iraq. 
 
DESCRIPTION AND EXPERIMENTAL SETUP: 
 
Amine process description 
 
The amine process was considered as the most popular and effective acid gas removal method in the natural gas 
industry. However, it consists of several units, such as absorber, separator, heat exchanger, and stripper (amine 
regenerator). A regular process as shown in figure (1) will be utilized in this study. The feed gas from the gas 
wells will be treated using a separator to remove any liquid impurities before it goes to the absorber. The main 
chemical reactions of CO2 and H2S with MDEA/Pz are given below [20][21]:  
 

𝐻𝐻2𝑆𝑆 +  𝑅𝑅2𝑁𝑁𝑁𝑁𝐻𝐻3 →  𝑅𝑅2𝑁𝑁𝐻𝐻+.𝑁𝑁𝐻𝐻3  +  𝐻𝐻𝑆𝑆− 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 +  𝑁𝑁𝑂𝑂2 +  𝐻𝐻2𝑂𝑂 →  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻+  +  𝐻𝐻𝑁𝑁𝑂𝑂3− 
𝑃𝑃𝑃𝑃 + 𝑁𝑁𝑂𝑂2 +  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 → 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻+  𝑃𝑃𝑃𝑃𝑁𝑁𝑂𝑂𝑂𝑂− 

𝑃𝑃𝑃𝑃𝑁𝑁𝑂𝑂𝑂𝑂− +  𝑁𝑁𝑂𝑂 2  +  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 → 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻+  +  𝑃𝑃𝑃𝑃(𝑁𝑁𝑂𝑂𝑂𝑂)22− 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 +  𝑃𝑃𝑃𝑃𝐻𝐻+ → 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻+  +  𝑃𝑃𝑃𝑃 

𝐻𝐻+𝑃𝑃𝑃𝑃𝑁𝑁𝑂𝑂𝑂𝑂−  +  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 →  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻+  +  𝑃𝑃𝑃𝑃𝑁𝑁𝑂𝑂𝑂𝑂− 
 
Feed gas properties and composition: 
 
The sample of feed gas was taken in May 2018 from Al-Halfaya site, Maysan, Iraq. The gas operation 
conditions and compositions are presented in table (1). However, processed gas needs to satisfy the requirement 
of 100 ppm of CO2 and 1 ppm H2S to meet the market's specifications of the product as well as environmental 
regulations.  

 

Figure 1. PFD of a typical acid gas removal process [9] 
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Table 1. Feed gas operation conditions and compositions. 

Component Mole% Location Maysan- Al-Halfaya 

Methane (CH3) 86.431 Test date May-2018 
Ethane (C2H6) 4.675 Sample type Natural gas 
Propane (C3H8) 0.361 

Operation conditions 
i-Butane (C4H10) 0.053 
n-Butane (C4H10) 0.054 Temp. 35 C 
i-Pentane (C5H12) 0.015 Pressure 60 barg 
n-Pentane (C5H12) 0.011 Flow 250 tons/hr 
Hexane (C6H14) 0.019 Gas Density [kg/m3] 49.433 
CO2 4.332 Molar Flow [MMSCFD] 389 
H2S 3.851   
Nitrogen N2 0.198   

 
Process modelling and parameters 
 
The amine process was simulated by Aspen Plus V.9. MDEA/Pz solvent was employed to absorb the acid gases 
from the natural gas. The Electrolyte-NRTL model in the amine’s property package was utilized and proceeded 
using the operation conditions and compositions listed in table 1. 
 
Different concentrations of MDEA/Pz amine on the acid gas removal process performance preserving the same 
operation conditions were utilized. Therefore, a couple of process parameters will be recorded and discussed 
such as CO2, H2S and H2O in treated gas, the circulation rate and the temperature of lean amine, etc. However, 
the MDEA concentration was kept fixed through the study at 30 wt.% to investigate the influence of changing 
the Pz concentration on the process efficiency in order to achieve best possible optimized process conditions. 
 
RESULTS AND DISCUSSION 
 
The simulation model of the acid gas removal process was successfully created, and the process flow diagram of 
the plant is presented in figure 2. However, this study aimed to study the influence of the activated MDEA 
amine by Pz on the efficiency of the acid gas removal process, by considering several variables. 

 

Figure 2. PFD of the acid gas removal plant. 
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Amine Solution concentration 

The influence of lean amine solvent with different piperazine (Pz) concentration on the sweet gas is plotted in 
figure 3 at a fixed circulation rate of the lean amine.  
 
Figure 3 shows that increasing Pz concentration will increase carbon dioxide absorption efficiency. After certain 
concentration, the Pz effect will gradually disappear which indicates that any further increase in Pz wt% will be 
considered worthless. However, Figure 4 indicates that increasing the piperazine wt% at a fixed MDEA 
concentration (30 wt.%) will increase the reaction temperature which in return will increase the CO2 
equilibrium partial pressure as well as the absorption efficiency, which was justified by Bishnoi and Rochelle 
[13]. In addition, there are some determinants of the piperazine concentration in the amine that need to be 
considered such as the risk of corrosion and economic limitations.  
 

 

Figure 3. Effect of Pz wt.% in lean amine solvent on CO2 loading and CO2 mole % in sweet gas. 
 

 
 

Figure 4. Effect of Pz wt.% in lean solvent on rich amine temperature. 

Otherwise, increasing the piperazine concentration has slight influence on the removal of Hydrogen sulphide as 
shown in figure (5). Which totally agreed with the scientific truth that piperazine is an efficient absorption 
activator of the MDEA solutions which used to increase the capture of CO2 as was justified by Xu et al. [22]. 
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Figure 5. Effect of Pz wt.% in lean solvent on H2S loading and H2S mole % in sweet gas. 

Amine Circulation rate 
 
The amine circulation rate is one of the most significant determinants in the economic aspects of natural gas 
treatment with amine solvents. It affects the equipments size of the treatment plant such as absorber, heat 
exchangers, pumps, piping and regenerator, thus has a remarkable influence on the capital cost of plant. It also 
affects the required energy for amine regeneration due to the direct influence of the liquid rate on heat duty of 
reboiler. Generally, increasing the amine circulation rate will increase the extent of acid gas that could be 
removed, which in return will increase the required regeneration energy to recover the carbon dioxide from the 
amine [9]. However, when an adequate amount of lean amine is added to permit the processed gas to leave the 
absorption tower in an equilibrium with the amount of lean amine, so that increasing the circulation rate 
moreover will not decrease the extent of carbon dioxide in the processed gas. This obvious fact was investigated 
and could be clarified in figure (6). However, figure (6) clearly shows that lean amine with piperazine (2.5-3 
wt.%) and a circulation rate of about 405000 Kg/hr will be quite enough to achieve 100 ppm CO2 in treated gas, 
which will adequately meet the desired purpose of this study. 
 

 

Figure 6. Effect of lean amine circulation rate on CO2 mole% in treated gas. 
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Lean Amine Temperature 
 
The temperature of amine solvent is one of the most significant determinants that affects the absorption 
efficiency. Rising the lean amine temperature will negatively influence the absorption efficiency unlike pure 
MDEA amine, where increasing the temperate will increase the absorption efficiency. However, increasing the 
lean amine temperature will increase water loses, raise the equilibrium partial pressure of CO2 and decrease 
solvent pH. Which in return will significantly enhance the capability of acid gas removal. 
 
Figure (7) illustrates the influence of temperature on the absorption efficiency. The plot studies the temperature 
effect in the range between (40-70 ° C) where the literatures recommended that the lean amine temperature to be 
higher than the temperature of the feed gas at least by 5 ° C [23]. As shown in Figure (7) increasing the 
temperature above 55 C will negatively affect the absorption efficiency. Furthermore, increasing the temperature 
increases the water loses as shown in Figure (8), which means higher regeneration energy to recover the amine, 
extra cost to recover the lost water and amine, and in result higher capital and operating cost of plant. 
 

 

Figure 7. Influence of temperature on CO2 mole% in sweet gas at fixed 30% Wt. MDEA & circulation rate 
(400000 kg/h). 

 

Figure 8. Influence of temperature on water loses from the amine solvent. 

Energy Requirements 
 
One of the most important factors that are emphasized in designing a natural gas sweetening plant is the energy 
required for a regeneration process. However, increasing the energy requirements will be reflected in higher 
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operation costs. Through the above study, Increasing the concentration of the amine solution leads to an increase 
in the required reboiler energy for the recovery of the lean amine. Similarly, increasing the circulation rate 
increases the regeneration unit size which in return will increase the required reboiler energy. Therefore, a 
comparison study of the required energy was simulated using the optimal investigated operation conditions at a 
temperature of 50 C and a circulation rate 405000 Kg/hr as shown in figure (9). In brief, it has been clearly 
shown that increasing the concentration of amine increases the energy required due to the need for a sufficient 
reboiler energy to recover the amine solution. 
 

 

Figure 9. Influence of lean amine concentration on the required regeneration energy 

CONCLUSION 
 
Through this research, results showed that a concentration of 2.5 - 3 wt.% Piperazine has an adequate ability to 
reduce the existence of carbon dioxide to less than 100 ppm. Any further addition of Pz will rise the efficiency 
of the absorption process, but to a specific concentration where the Pz influence will gradually disappear which 
indicates that any further increase in Pz wt.% will be considered worthless and non-economical. Increasing the 
circulation rate of lean amine contributes in increasing the absorption efficiency which in return will increase 
the extent of acid gas impurities that could be removed. However, increasing the circulation rate above the 
equilibrium rate will not be accompanied by any significant influence. Contrary, that will adversely affect the 
acid gas removal process as it will lead to higher requirements of regeneration energy as well as higher loses of 
water content which means higher operating and capital cost. Temperature is an important factor affecting 
absorption process. Increasing the lean amine temperature decreases the absorption efficiency in contrast to the 
behavior of pure MDEA solvent, this is mainly due to the presence of Piperazine which changes the absorption 
to be a mass transfer limited process rather than a reaction limited process. In addition, increasing the 
temperature increases loses of water and amine content, and thus financial losses. In brief, it can argue that at a 
concentration of 2.5-3 wt.% Piperazine, temperature range of 50-55 C and a circulation rate between 405000-
410000 Kg/hr, the most efficient and economical absorption process could be achieved. However, for further 
consideration to meet optimal operation conditions, environmental impact, several factors could be investigated 
such as mass transfer coefficient, energy considerations, economical aspects, environmental impact and etc.. 
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