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Abstract

This work aims at studying acid gas removal from natural gas with piperazine (PZ) amine by using
Aspen HYSYS V9.0. Design of acid gas removal process is explained using sensitivity analysis. Plant
capacity enhancement studies are performed by considering the crucial parameters like sour gas feed
rate, amine recirculation rate and regenerator reboiler duty etc. The optimum feed temperature is iden-
tified as 31°C. Optimum concentration and flow rate of amine is 30 wt% and 350 m3/hr respectively.
Rigorous hydraulic studies are performed for absorber to know the operational issues like flooding and
weeping in the column. Arranging the packing in the absorber solved the operational issues and
improved the CO2and H2S removal efficiencies by 58% and 20% respectively. By arranging packing
revenue losses are minimized by 2.1%. The techno-economic analysis results of this study are useful
for process engineers working in gas plants to take reasonable decisions in operating the gas plant.
Keywords: Acid gas; Gas plant; Hydraulic studies; Natural gas, Sensitivity analysis; Process Simulation;, Gas
Sweetening.

1. Introduction

The worldwide market for liquefied petroleum gas (LPG) and natural gas liquids (NGL) is
continuously increasing [*1. Presence of H,S, CO>, mercaptans, CS, elemental sulfur and conta-
minated water decreases the quality of sales gas and their presence is not acceptable, since
they corrodes the equipment, pipelines and release in to atmosphere leads to acid rains 21,
Chemical solvents, physical solvents, adsorption processes, hybrid solvents and physical
separations especially membranes are the available acid gas removal techniques 31, Accor
ding to the environmental regulations the acceptable limits for H.S and CO, are 4 ppm and 2
mole % respectively.

Aspen HYSYS V9.0 acid gas removal model supports various amines in its data base 41,
Continuous investigations are going on to invent the new efficient amines and their blends for
efficient removal of CO,from gas mixtures. Piperazine is one of the amine 51, Bishnoi et al.
[61 conducted modelling experiments and revealed that the carbon dioxide removal rate is
more for PZ amine compared to the other amines like MDEA, MEA, DEA and their blends.
Kinetic studies by 71, VLE studies by ], absorption studies by [°-111 high pressure absorption
studies by [*2] concluded that piperazine in alone and in combination with methyldiethanol-
amine has reported improved absorption rates of CO> from aqueous solutions. Aqueous solu-
tions containing piperazine is used as washing agent for removing H,S, CO, and COS present
in natural gas, coke-oven gases, and synthesis gases [*31, Configurations and methods of acid
gas removal to meet the pipe line requirements are explained by [**1, A process for removal
of H.S and CO- from an acid gas streamis explained by [*5-18] ysing various amines.

Silhavy et al. *71 provided simulation based operational data base for acid gas removal
plant. The author [18-20] conducted numerical simulation and optimization studies using pro-
cess simulators like Aspen HYSYS. In their studies they used diethanol amine for acid gas
removal. Similarly, the autors [21-221 ysed MEA. Pellegrini et al. [231used diethanolamine (DEA)
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and methyldiethanolamine (MDEA), Kazemi et al. ?#1 used mixed amines and checked the
feasibility of the process by improving the acid gas removal efficiency.The authors [25-261 tested
impact of operating conditions like absorption temperature, pressure, number of absorber trays
and solvent recirculation rate on acid gas removal are tested to identify the optimum
conditions. The authors [27-28] jdentified optimum conditions from the steady state and dynamic
studies and these observations are useful for safety and economy of the processes. @i et al. [2°]
tested alternative flow sheet arrangements in improving the acid gas removal rates. Zare
Aliabad et al. [3°1 used MDEA and DEA amines in combined form and studied the effect of
major operating parameters like operating pressure of the absorber column, temperature of
the amine, sour gas feed rate and morpheme efficiency, on the rate of absorption and on
energy point of view [3'1, Optimization studies are conducted by 321 for optimum absorber
working pressure to get 99% purity of the methane.

The above studies motivated the present research to do acid gas removal using piperazine
(PZ) amine from natural gas. Objective of this work is to analyse the effect of process
parameters like amine temperature, feed gas flow rate on acid gas removal and to check the
role of column hydraulic studies in improving the acid gas removal efficiency and feasibility.
This work is useful for process engineers to optimize their gas processing units and to take
decisions on retrofit studies.

2. Process description

Equipment involved in the Aspen HYSYS V 9.0 acid gas cleaning simulation model are:
extractor, absorber, separator, rich amine heater, regenerator, lean amine cooler, booster
pump and makeup operation. Processflow sheetis shown in figure 1. In the extractor conta-
minants are removed by passing the acid gas through the amine solution. In the absorber
sour gas is passed through the bottomand the lean amine enters fromthe top of the absorber
as a result of absorption, sweet gas comes out fromthe top of the absorption column and the
rich amine comes out from the bottom part of the absorber. Rich amine obtained from the
absorber column bottom, is send to the separator. In the separator low hydrocarbons are
removed and the remaining rich amine is send to the regenerator. In the regenerator, suffi-
cient heat is provided by the reboiler for the separation of impurities present in the amine
solution. Separated hydrogen sulfide (H,S) and carbon dioxide (CO.) are sent for processing.
Losses in amine quantities are makeup using the make-up block.
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Figure 1. Aspen HYSYS acid gas cleaning flow sheet
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3. Process simulation

The flow sheet for natural gas sweetening using PZ was developed in Aspen HSYS V9.0.
The fluid package used in this study is acid gas cleaning package. The composition of the sour
gasis givenin table 1. The design capacity of this process plant is 1128 m3/hr or 1.703x 10°
barrel/day. Sour gas feed enters at 40°C and 20 bar pressure is feed to the bottom of the absorber.

Absorber contains 20 number of stages. Lean amine is entering the top of the absorber and
its concentration is 30 wt% and temperature 42°C. Lean amine temperature is higher than
the sour gas temperature. When the sweetening process is completed and the regenerated
piperazine (PZ) is recycledbackto the absorber, Aspen HYSYS recalculates the actual opera-
ting composition. In makeup block aspen HYSYS, ADJUST operation is the inbuilt operation
and it adjusts the circulation rate of lean amine.

Table 1. Feed gas composition of sour gas

Component Mole fraction Component Mole fraction
CO2 0.0202 Ethane 0.0707

H2S 0.0202 Nitrogen 0.0303
Methane 0.8656

Sensitivity analysis studies are conducted using various process parameters like feed gas
flow rate, feed gas temperature, amine recirculation rate to calculate the composition of the
acid gases in sweet gas. Desirable concentrations of CO, and H.S in sweet gas will be main-
tained by optimizing the reboiler duty and the recirculation rate of the amine in the surge
tank. Hydraulic studies for the absorber are conducted to improve the performance of absor-
ber. Packing material is used as a substitute for trays to avoid the hydraulic problems in the
column. Acid gas removal and the economic study values of the both tray column and packed
column are compared.

4. Results and discussion
4.1. Effect of PZ amine concentration

Increasing concentrations of PZ amine in lean amine stream positively affected the acid gas
removal. Figure 1 illustrates the effect of varying concentrations of PZ on extraction of CO;
and H.S. From 10 to 30 wt% of PZ amine concentration, acid gas removal is good. It indicates
the desired concentration of PZ is 30 wt%. At 30 wt% of PZ concentration, acid gas concen-
trationin sweetgasis 1.51x10* mole% for CO, and 0.0198 ppm for H,S.
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Figure 1. Effect of PZ concentration on acid gas Figure 2. Effect of feed gas temperature on CO2
concentration in sweet gas concentration in sweet gas
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4.2. Effect of feed gas temperature

Plant behaviouris predicted for various temperatures of the feed gas. Temperature is
varied from 30°C to 60°C. Observed parameters are CO, and H,S concentrations in sweet gas.
As the feed gas temperatureis increased from 30°C to 60°C, CO. and H,S concentrations are
increased in sweet gas and the reboiler duty also increased.

Reboiler duty remains constant between 35°C to 40°C. Beyond 40°C reboiler duty increased
to higher values, it shows that acid gas cleaning demands more reboiler duties. From figure 2 and
fromfigure 3 the optimum temperature range for acid gas cleaning is in between 35°C to 40°C.
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Figure 3. Effect of feed gas temperature on H2S Figure 4. Effect of feed Gas temperature on methane
concentration in sweet gas concentration in sweet gas

Increasing temperatures decreased the concentrations of methane in sweet gas. Figure 4
illustrates that methane concentration is constant with temperature of the feed gas in between
30°C and 35°C. Maximum concentration of methane i.e 89 mole% is observed at 30°C.

4.3. Effect of feed gas flow rate

Effect of feed gas rate on acid gas concentration in sweet gas is illustrated in figure 5. CO;
concentration in sweet gas increased 3.8x10°® mole % to 6.87 x10° mole %. It is evident
that CO; concentration is increased nearly ten times. At the same time H.S concentration
decreesed from 0.93 ppm to 0.41 ppm. For feed gas flow rate of 35000 kg/hr, H,S and CO:
concentrations are optimum and their values are: COxconcentrationis 4.32x10° mole% and
the H,S concentrationis 1 ppm.
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Figure 5. Effect of feed gas flow rate on acid gas Figure 6. Effect of feed gas flow rate on reboiler
concentration in sweet gas duty (kW)

Pet Coal (2018); 60(4): 632-640
ISSN 1337-7027 an open access journal

635



Petroleum and Coal

Effect of feed gas rate on reboiler duty is given in figure 6. For feed gas flow rate of 5000
kg/hr reboiler duty is 2.879x108kW and it is the minimum reboiler duty recorded. Reboiler duty
is constant from the 20000 kg/hr to 55000 kg/hr. In this region CO, concentration is from
3.13x10° mole% to 5.94x10° mole% and the H,S concentration is from 1.83 ppmto 0.46 ppm.

4.4. Effect of lean amine recirculation rate

Lean amine recirculationrateis changed from284.65 m?*/hrto 641.18 m*/hrand it is shown
in figure 7. Increased amine recirculation rates decreased the concentration of H,S in sweet
gas. Increased amine recirculation ratesincreasedthe reboiler duties. Minimum reboiler duty

observed is 2.878x 108 kW.
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Figure 7. Effect of amine recirculation rate on reboiler duty

4.5 Absorber hydraulic studies

Hydraulic studies of absorber are performed for two cases. First caseis absorber fitted
with trays and the second case is absorber fitted with packing material. Absorber fitted with
traysis considered as the base case. Base case hydraulic plots are illustrated in figure 9.
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Figure 9. Hydraulic profile of absorber fitted with trays
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Area under the plot gives the operating area of the tray column and it shows operating
issues existing in the column. General operating issues are flooding and weeping. Forstage 1
of the absorber hydraulic plot is shown in figure 10. The upper limit curve indicates the maxi-
mum pressure drop allowable in the column. The minimum limit curve indicatesthe minimum
pressure drop allowable in the column. Area between the upper limit curve and the lower limit
curves gives the absorber operation area.

Operation conditions reaching the upper point indicates the increased pressure drop in the
column, it shows flooding in the column. Operation conditions reaching the minimum point in
the plot indicates the weeping in the column.
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Figure 10. Hydraulic plot for stage 1 of the absorber fitted with trays

In figure 10, operating point reached the upper curve. It indicates flooding is present in the
column and it reduces the efficiency of the column. Flooding should be avoided and this
operating issue is solved by arranging packing material in the absorber. Trays are replaced
with packing material of type raching ring made up of ceramic material. Size of the raching ring
is 1 inch. Hydraulics of absorber filled with packing material is shown in figure 11.
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Figure 11. Hydraulics of packed column

It is observed that there are no operational issues for absorber filled with packing material.
Absorber filled with packing material eliminated the operation issues of all stagesin the colurm.
Figure 12 shows the hydraulic plot of first stage of the absorber with packing material.
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Figure 12. Hydraulic plot for packing column

Operating point is present in between the maximum pressure drop of 4.12 mbar/mand lower
operating pressure of 0.41 mbar/mfor the first stage of the column. Similarly the same pattem
is observed forthe remaining stages. The reason for improved operation is packing material
provided more contactarea for Vapour-Liquid contacting simultaneously it decreased the re-
boiler duty demands. Results of the absorber column without operating issues are used for design
calculations of the absorber. Absorber design data for rigorous rating calculations is given in
Table 2.

Table 2. Absorber design data for rating calculations

Parameter Values
Section Starting Stage 1
Section Ending Stage 20
Column diameter [m] 2.496
Packed Height Per Stage [m] 0.5
Section Height [m] 10.0
Maximum % Capacity (Constant L/V) [%] 80
Maximum Capacity Factor [m/s] 0.01645
Section Pressure Drop [mbar] 84.2
Average Pressure Drop / Height [mbar/m] 8.4
Average Pressure Drop / Height (Frictional) [mbar/m] 7
Maximum Stage Liquid Holdup [m?3] 0.49
Maximum Liquid Superficial Velocity [m3/h-m?] 84.37
Surface area [m2/m?3] 190
Void Fraction 0.74
1st Stichlmair Constant 2.24
2nd Stichlmair Constant 3.24
3rd Stichlmair Constant 2.728

In table 3, acid gas removal and economics results of both base cases i.e tray column and
packed column are given. CO.concentrationis reduced from1.56x10* mole% to 6.192x 10
mole%, which shows 58% improvement in CO, recovery. H.S concentration is reduced from
0.3868ppmto 0.3094 ppm indicates 20% improvement in H,S removal from the natural gas.
Arranging packing in the column reduced the total cost by 2.1%.

Table 3. Absorber comparison table

Tray column Packed column
Capital cost (USD) 98 323 200 96 183 500
Operating Cost(USD) 28 368 600 27 772 859
CO02 (mole%) 1.56x10™ 6.192x10°°
H2S (ppm) 0.3868 0.3094
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5. Conclusions

Acid gas removal of natural gas using piperazine (PZ) amine is studied. Effect of feed gas
flow rate, temperature, amine concentration and effect of amine recirculation rate on acid gas
removal are studied. Effect of amine recirculation rate on reboiler duty is observed. Rigorous
hydraulic studies are performed and the packed column design data is tabulated. Absorber
operational efficiency is improved by improving the acid gas removal rates. CO, removal en-
hanced by 58% and the H,S removal enhanced by 20%. Economic performanceimproved by
2.1%. The methodology and the results of this study are useful for process engineers those
who are using piperazine (PZ) amine or other amines for the acid gas removal in their acid
gas cleaning plants.
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