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 Recovering ethanol solutions from filtration, extraction, and stripping 
operations is done in the distillation column, a separation process unit 
in the carboxymethyl cellulose production plant. Because the ethanol 
produced by these techniques is produced at a lower concentration, 
distillation is required to purify the ethanol. This procedure can raise the 
concentration of ethanol by separating it from the mixture. The 
concentration of the ethanol solution needs to be 85% in order to be 
reused. This case study aims to determine the optimal reflux ratio for a 
distillation column, model the process in both real-world and manual 
calculation scenarios using Aspen Hysys software, and evaluate the 
effects of increasing the reflux ratio. Manual computations yielded a 
reflux ratio result of 0.91814. In the meantime, an ethanol concentration 
of 85% is produced by the reflux ratio of 1.080 that is derived from the 
Aspen Hysys simulation. By generating a heat flow of 1.889 x 106 kJ/h, the 
ideal reflux ratio of 1.080 was reached, whereas the Aspen Hysys 
simulation yielded a reflux ratio of 0.91814. This allowed for an ethanol 
concentration of 85%. The Aspen Hysys simulation yields an ethanol 
concentration of 82.11% and a heat flow of 1.399 x 106 kJ/h. The ethanol 
concentration and reboiler steam heat flow are impacted by the reflux 
ratio value, according to the reflux ratio results. The amount of reboiler 
steam heat generated may become linear with a larger reflux ratio, and 
the energy required to complete the distillation process may likewise 
rise. 
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1. INTRODUCTION 
Distillation is the method of dividing a mixture of substances based on stark variations in boiling point 
and vapor pressure [1]. The distillation column is one of the complex pieces of process equipment for 
modeling and controlling important parts of a separation and purification process that is often used 
by the chemical industry [2], and one of them is in the Carboxymethyl Cellulose (CMC) manufacturing 
plant (thickening agent) in the Bekasi district area. This unit helps continue the ethanol solution 
recovery process. Based on internal data from the CMC industry in Bekasi district, this CMC chemical 
is a solution resulting from the filtration, extraction, and stripping process that is stored in a storage 
tank with a lower ethanol concentration. The same information states that reuse of ethanol solution 
either as a reaction medium in the reactor or for the washing process during the production of purified 
type CMC, if this chemical has a concentration of 85%. To achieve this concentration, the distillation 
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column unit is a separation process between ethanol and the mixture. The upper output from the 
distillation column is ethanol, with smaller quantities of other components. This distillate undergoes 
a condensation process through condenser equipment, and the output goes to a temporary storage 
tank. Part of the distillate is refluxed to increase the concentration of the ethanol solution. 

During the distillation process, temperature, distillation column pressure, and reflux ratio are 
factors that influence the quantity and concentration of the distillate produced. The distillation 
column's condensate return rate to the amount of recovered distillate is known as the reflux ratio. The 
presence of reflux will have the effect of increasing the concentration of the distillate. The purity of the 
components resulting from the separation process through a distillation column becomes effective and 
efficient by paying attention to the reflux ratio [3]. If the reflux ratio is too low, it can result in an 
improper component separation process (far from the process output target) and produce an impure 
fraction (still containing other unwanted components). On the other hand, a reflux ratio value that is 
too high can slow down the process of separating the mixture components and become inefficient, but 
the output has high purity [4]. Apart from that, increasing the reflux ratio also has an impact on the 
amount of energy consumed in the distillation column [5]. Apart from that, the contribution of a 
combination of pressure factors and reflux ratios is also included in the study of the distillation process 
unit [6]. Of course, this blending step also aims to obtain the required purity of the distillate product 
and minimize heat usage for the reboiler because the distillation column is one of the operating units 
that consumes a lot of energy [7].  

The study of the use of reflux ratios in distillation columns involves the use of mathematical 
equations and process simulations through software to optimize the level of purity of the ethanol 
solution. Aspen Hysys is an engineering software that helps complete the simulation of a series of 
chemical industrial processes by modeling a process system in detail [8], [9]. This program is a process 
modeling tool for air separation units, gas processing, petroleum product and derivative refining, 
conceptual design, process optimization, and performance reviews [10]. Other applications result in 
the modeling of several chemical industrial processes, such as those related to oil and gas, oil refineries, 
heavy industry, petrochemical industry, natural gas processing plants, synthesis gas generation, 
ethanol factories, biodiesel factories, and so forth [11]. For precise estimates of physical parameters, 
transport properties, and phase behavior in the oil and gas industry as well as refining processes, Aspen 
Hysis offers a comprehensive set of fundamental thermodynamic principles [12]. Other complete 
features include modeling various operating units such as separators, reactors, streams, heat transfer, 
rotating, piping, logic, optimizers, subflowsheet operations, as well as utilities in steady state and 
dynamic conditions [13], [14]. The application of this simulation becomes a bridge for implementing 
research activities with industry practitioners [15] and attracts implementation opportunities for other 
software implemented by companies in the field of chemical engineering [16]. 

The main advantage of using Aspen Hysys is that it can save time in carrying out a number of 
calculations in designing a complicated and complex process compared to using mathematical 
equations. Aspen Hysis simulation is additionally advantageous from an optimization standpoint, 
allowing for much lower engineering costs and better operational decisions to improve plant 
performance and profitability [17]. Therefore, this study aims to determine the effect of distillation 
column product purity concentration and reboiler steam heat flow on increasing reflux ratios. During 
the research, the aspen hysys simulation process was utilized as a comparison to the use of 
mathematical equations to examine the two points of research objectives.  

2. RESEARCH METHOD 
This research is a dry study that runs the distillation process through the use of Aspen Hysis 
computational software. This step is aimed at comparing the results of process simulation against the 
use of mathematical equations (Equation 1-10) below. The focus of this research is on increasing the 
reflux ratio value (Rm = 1.2 – 1.5) from actual industry data processed into the mathematical equations 
and also the computational simulation. The results of the distillation column simulation can be used 
to determine the ethanol concentration obtained and the heat requirement of the reboiler steam using 
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the reflux ratio value from the results of manual calculations and aspen hysys simulation results to get 
optimal results. 

 
Figure 1. Steps to optimize distillation unit performance in the CMC industry 

Data on the operating conditions of distillation columns at thickener companies are the result of direct 
observations via the Distributed Control System (DCS) monitor and the result. The information 
includes the components that need to be separated, the operating circumstances, the make-up of the 
feedstock, the distillate, and the bottom products, as well as the quantity of trays used and the reflux 
ratio during the distillation process. Mathematical equations (1) to (10) and the Aspen Hysis software 
are used to calculate the reflux ratio when ethanol is separated from a mixture of other components. 
The CMC chemical factory does not yet display actual field data regarding the reflux ratio used, so the 
predicted range is an opportunity to obtain optimum conditions from a given increase in the reflux 
ratio. 

Based on field data for distillation columns, mass balances, both overall and per component, 
require feed mass flow rate data and properties such as density data through instructions [17], [18]. 

Ṁ = ρ × V̇   (1) 

Operating conditions for the upper and lower parts of the distillation column include: 
Overall mass balance F = D + W  (2) 

Mass balance per component F xF,i = D xD,i + W xW,i  (3) 
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Bubble temperature and dew point: 
Bubble point condition ∑ yi = ∑ Ki xi = KC ∑ αi xi = 1  (4) 

Dew point condition 
∑ xi = ∑ (

yi

Ki

) = (
1

KC

) ∑ (
yi

αi

) = 1 
 (5) 

 
To obtain these two temperatures involves the role of [18] through trial and error. Then, estimation of 
vapor pressure A, B, and C variable used the Antoine’s data from Table 1 below. 

log10P∗ = A −
B

(T + C)
 

 (6) 

αL,av = √αL,D × αL,W  (7) 

Table 1. Actual data on distillation column operating conditions [18] 

Parameter A B C 

C2H5OH, ethanol 8.12875 1,660.8713 238.131 
H2O 8.055735 1,732.6425 233.08 
NaOH 7.46511 7,606.4353 280.16 

 
The need for Nm and Rm for distillation columns involves the role of equations (8) to (10) [18].  
 

Nm =

log [(
xL,D . D
xH,D . D

) (
xH,W . W
xL,W . W

)]

log(αL,av)
 

 (8) 

Rm + 1 = ∑
αi . xD,i

αi − θ
  (9) 

1 − q = ∑
αi . xF,i

αi − θ
  (10) 

The variable used in the Aspen Hysis simulation is the reflux ratio, which comes from factory 
data. Calculation results through mathematical equations and evaluation through the use of chemical 
engineering software using distillate yield data (85% ethanol). The working distillation column has a 
total condenser type shown in Figure 2. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 2. Distillation column purification of ethanol products [19]     
 

Distillate 
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Utilizing the Aspen Hysis simulation has a sequence of work steps, namely inputting components, 
selecting fluid packages, and filling in simulation data for the operating conditions of the feed and 
distillation columns, which are presented in Table 2. The NRTL (Non-Random Two Liquid) 
thermodynamic equation is an option for the performance of the purification process for ethanol in 
the CMC industry. The process system occurs on a large boiling point scale between components. This 
turns NRTL into a simultaneous solution step for the range of boiling points or concentrations between 
components, as well as the vapor-liquid equilibrium (VLE or Vapor Liquid Equilibrium) and the liquid-
liquid equilibrium (LLE or Liquid-Liquid Equilibrium) [13]. 

3. RESULTS AND DISCUSSIONS 
Based on data from the food additive industry (Table 2), the ethanol solution reused for the production 
process has a concentration of 85%. To achieve this concentration value, the company uses a reflux 
ratio value in the range of 2–8. The result of using the mathematical equation (referring to Equations 
1–11) gives a reflux ratio value of 0.91814 (see Figure 3). This value is the beginning of the application 
for the use of Aspen Hysis software. Through the use of the simulation process, an ethanol purity of 
82.11% was obtained. The difference in results is found in the use of mathematical equations and 
process simulations. When inputting data on ethanol purity of 82.11%, the reflux ratio value increased 
from 0.91814 to 1.080 (see Figure 4). This achievement shows that increasing the reflux ratio value has 
an effect on the purity concentration of the distillation column product and the reboiler steam heat 
flow [20]. The application of two ratios through the Aspen Hysis simulation is presented in Figures 3 
to 6. 

 

Figure 3. Reflux ratio results (equal to 0,91814) in the Aspen Hysys simulation 

To determine the ethanol concentration by using the reflux ratio obtained from the mathematical 
equation, namely by changing the variable specified value of reflux ratio and activating it. As for the 
specific value variable, the ethanol concentration is disabled. The result of this step is shown in Figure 
4. 
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Figure 4. Ethanol concentration results using reflux ratio (equal to 1,080)   

Table 2. Actual data on distillation column operating conditions and the results 

Parameter Feed, F Distillate, D Bottom, W 

Temperature, oC 87 78.70 102 
Pressure, bar 0.003 1.1 9 

Volumetric flow rate, V̇, m3/h 8.9 6.5864* 2.3136* 

Composition, %    
C2H5OH, ethanol 59 85 0.01* 
H2O 38.5 15 91.81* 
NaOH 1.46  4.77* 
NaCH3COO 0.06  0.2* 
CMC 0.005  0.002* 
Na-glycolate 0.97  3.17* 

Na-monochloroacetate 0.005  0.02* 

Note: *Data is presented quantitatively from the thickener industry (calculated results) 

The concentration of purity of the top and bottom products in the distillation column is one result of 
increasing the reflux ratio value. Higher reflux ratios are typically employed in the distillation column 
process to achieve higher product purity [21]–[23] . Meanwhile, if there is no reflux, no contact will 
occur, and the condensation of the top product obtained will not be large [5]. Figure 5 is the result of 
data processing through simulation. 

Figure 5 shows the optimum reflux ratio results obtained from the simulation of 1.080, with 
the distillate and bottom concentration results being 85% ethanol and 91.81% water, respectively. The 
greater the value of the reflux ratio, the concentration of distillate and bottom products will increase. 
However, the use of a reflux ratio (R = 1.5–8) results in the ethanol concentration in the distillate and 
the amount of water at the bottom being more likely to be constant. This is caused by the highest 
degree of separation of a component from the mixture [23], [24]. Increased liquid flow in the distillation 
column and more opportunities for contact between the vapor and liquid phases can result from an 
increase in the reflux ratio. However, the greater the value of the reflux ratio, the more likely it is that 
the component separation process will take place slowly and inefficiently [25].Another effect of 
increasing the reflux ratio value is on the reboiler steam heat flow. The reboiler is a heat source whose 
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load depends on the amount of liquid being evaporated, and the amount of liquid depends on the size 
of the reflux ratio [26]. The reflux ratio affects the amount of heat flow from the reboiler. The Aspen 
Hysis simulation results displayed in Figure 6 below support this. 

 

Figure 5. Effect of reflux ratio on distillate and bottom products 

 

Figure 6. Effect of reflux ratio on heat demand from steam 

Figure 6 displays the reflux ratio's results under ideal circumstances, namely 1.080 with a steam reboiler 
heat requirement of 1.889 × 106 kJ/h. This indicates that the greater the value of the reflux ratio, the 
more it has a directly proportional impact on the production of reboiler steam heat flow and will, of 
course, require much greater energy consumption. This heat flow experiences a drastic increase with 
an increase in the ratio value due to the quantity of liquid returning to the distillation column, so that 
the heat supply for the reboiler is also greater and also has an impact on the capital of the related 
industry [27]. Apart from that, if you maintain a higher reflux ratio, you will also need high process 
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operational costs [18]. Then, increasing the energy supply provided by the reboiler can also increase 
the load on the condenser [28]. 

4. CONCLUSION 
From activities in the thickener industry (CMC), it was found that the optimum reflux ratio ranged 
from 0.91814 to 1.080 for the ethanol product purity range of 82.11–85%, both through the application 
of mathematical equations and successive simulations of the Aspen Hysis process. These two values 
require a steam supply range for the reboiler of 1.399 − 1.889 × 106 kJ/h. CMC production with an 
optimum reflux ratio will provide the same for increasing ethanol concentration. Above this ratio will 
provide similar (constant) product purity and have the opposite effect in the form of slowing down the 
component separation process (the process is inefficient). The continuation of this research will be a 
further study to obtain more optimal purification results. Temperature and pressure conditions during 
the use of the distillation column for ethanol purity are considerations for the utility unit segment and 
energy supply in carrying out the separation process. 
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NOTATIONS 

Ṁ  mass flow rate kg/h 
ρ  density kg/m3 

V̇   volumetric rate m3/h 

F : flow rates for feed kg/h 
D :  flow rates for distillate kg/h 
W : flow rates for bottom kg/h 
xF : the component compositions for feed  
xD : the component compositions for distillate  
xW : the component compositions for bottom  
xi :  the component compositions in liquid phase  
yi : the component compositions in vapor phase  
KC : equilibrium constant  
Ki : equilibrium coefficient distribution  
αi : component volatility  
P* : vapor pressure mmHg 
T :  temperature oC 
A, B, and C : Antoine constants for several chemical compounds involved  

αL,av : average volatility  

αL,D : the component volatilities for light key distillate  

αL,W : the component volatilities for light key bottom  

Nm : minimum number stage   

xL,D  : the component composition for light key distillate  

xH,D  : the component composition for heavy key distillate  

xL,W  : the component composition for light key bottom  

xH,W  : the component composition for heavy key bottom  

Rm : minimum reflux ratio using the Underwood method  

𝑞 : the line intersection between feeds (𝑞 − line)  

𝜃 : parameter, where this value is obtained through trial and error steps  

 
 

 



         p-ISSN 2301-8038   e-ISSN 2776-3013  

 Int J of Basic & App Sci, Vol.12, No. 02 September 2023: 72-81 

80 

REFERENCES 
[1] A. Budiman, Distilasi: Teori dan pengendalian operasi. Yogyakarta: Gadjah Mada University Press, 2021. 

[Online]. Available: https://ugmpress.ugm.ac.id/id/product/kimia/distilasi-teori-dan-pengendalian-
operasi 

[2] B. Abolpour, S. Nasiri, and E. Khosravi, “Economic optimization of the reflux ratio of two components stage 
distillation columns,” Environmental Energy and Economic Research, vol. 3, no. 1, pp. 11–21, 2019, doi: 
10.22097/eeer.2019.145503.1040. 

[3] R. Amrullah, S. Nurjanah, A. Widyasanti, and M. Muhaemin, “Kajian pengaruh rasio refluks terhadap 
karakteristik minyak nilam hasil distilasi fraksinasi,” Teknotan, vol. 11, no. 2, pp. 77–88, 2017, doi: 
10.24198/jt.vol11n2.8. 

[4] I. J. Sidabutar, A. Widyasanti, S. Nurjanah, B. Nurhadi, T. Rialita, and E. Lembong, “Kajian rasio refluks 
pada isolasi beberapa senyawa minyak nilam (Pogostemon cablin Benth) dengan metode distilasi 
fraksinasi,” JRPB, vol. 8, no. 1, pp. 71–78, 2020, doi: 10.29303/jrpb.v8i1.160. 

[5] A. A. Rahima and E. N. Dewi, “Simulasi pengaruh reflux ratio pada proses pemurnian etil asetat dengan 
distilasi ekstraktif menggunakan chemcad,” CMG, vol. 4, no. 1, pp. 6–11, 2020, doi: 10.30872/cmg.v4i1.4071. 

[6] B. Abolpour and A. Mohebbi, “Optimization of the reflux ratio of benzene-toluene stage distillation 
columns by the Cuckoo algorithm,” Pet. Sci., vol. 11, no. 3, pp. 446–453, 2014, doi: 10.1007/s12182-014-0360-
3. 

[7] W. E. Pratomo, S. Agustina, and T. Kurniawan, “Energy analysis study of coal tar distillation process by 
feed splitting method,” tjst, vol. 17, no. 2, pp. 281–288, 2021, doi: 10.36055/tjst.v17i2.13023. 

[8] A. Sopurta, P. Siregar, and E. Ekawati, “Perancangan sistem simulasi hysys & iintegrasi dengan 
programmable logic controller-human machine interface: Studi kasus pada plant kolom distilasi etanol-
air,” J.Oto.Ktrl.Inst (J.Auto.Ctrl.Inst), vol. 6, no. 1, pp. 1–9, 2014. 
https://journals.itb.ac.id/index.php/joki/article/view/3975. 

[9] M. P. Sutardi, M. I. Fardiansyah, F. Fauzia, and D. A. Sari, “Program simulasi Aspen Hysis bagi mahasiswa 
teknik kimia di semester awal,” in Prosiding Seminar Nasional Universitas Islam Syekh Yusuf, Universitas 
Islam Syekh Yusuf: Universitas Islam Syekh Yusuf, Dec. 2020, pp. 1370–1373. doi: 10.31219/osf.io/e3t72. 

[10] N. B. Chowdhury, Z. Hasan, and A. Biplob, “Hysys simulation of a sulfuric acid plant and optimization 
approach of annual profit,” Journal of Science (JOS), vol. 2, no. 4, pp. 179–182, 2012. Available: 
https://www.researchgate.net/search.Search.html?query=Hysys+simulation+of+a+sulfuric+acid+plant+a
nd+optimization+approach+of+annual+profit&type=publication. 

[11] S. K. Mondal, M. R. Uddin, S. Majumder, and J. Pokhrel, “HYSYS simulation of chemical process 
equipment,” Chem Eng Process, pp. 1–7, 2015, doi: 10.13140/RG.2.1.4186.9289. 

[12] E. H. Alshbuki, M. M. Bey, and A. Ala. Mohamed, “Simulation production of dimethylether (DME) from 
dehydration of methanol using aspen hysys,” SIJCMS, vol. 03, no. 02, pp. 13–18, Feb. 2020, doi: 
10.36348/sijcms.2020.v03i02.002. 

[13] J. A. Labarta, M. M. Olaya, and A. F. Marcilla, “What does the NRTL look like? Determination of boundaries 
for different fluid phase equilibrium regions,” AIChE Journal, vol. 68, no. 10, pp. 1–14, 2022, doi: 
10.1002/aic.17805. 

[14] M. Y. Pratama, A. Hizbiyati, and J. Rizkiana, “Simulation study of polyglycerol separation with distillation 
column using aspen hysis,” in Proceedings of the 4th ITB Graduate School Conference, Bandung: Institute 
Teknologi Bandung, 2023, pp. 564–573. [Online]. Available: https://gcs.itb.ac.id/proceeding-
igsc/index.php/igsc/article/view/171 

[15] V. S. Ulfa, H. D. Kharisma, and D. A. Sari, “Optimasi akademisi dan mata kuliah teknik kimia melalui peran 
praktisi industri,” in Prosiding Seminar Nasional Universitas Islam Syekh Yusuf, Universitas Islam Syekh 
Yusuf: Universitas Islam Syekh Yusuf, Dec. 2020, pp. 1379–1383. doi: 10.31219/osf.io/uf45p. 

[16] I. A. Fitria, D. A. Sari, V. P. Fahriani, and M. Djaeni, “Shell and tube heat exchanger fouling factor via Heat 
Transfer Research Inc (HTRI) software,” Reka Buana: Jurnal Ilmiah Teknik Sipil dan Teknik Kimia, vol. 7, 
no. 2, pp. 104–113, 2022, doi: https://doi.org/10.33366/rekabuana.v7i2.4030. 

[17] M. K. Pasha, L. Dai, D. Liu, M. Guo, and W. Du, “An overview to process design, simulation 
and sustainability evaluation of biodiesel production,” Biotechnology for Biofuels, vol. 14, no. 129, pp. 1–23, 
2021, doi: https://doi.org/10.1186/s13068-021-01977-z. 

[18] C. L. Yaws, The Yaws handbook of vapor pressure: Antoine coefficients, Second edition. Amsterdam ; Boston: 
Elsevier/GPP, Gulf Professional Publishing is an imprint of Elsevier, 2015. [Online]. Available: 
https://www.sciencedirect.com/book/9780128029992/the-yaws-handbook-of-vapor-pressure. 

[19] A. D. K. Wibowo and L. A. Yoshi, Dasar-dasar simulasi proses dengan aspen hysis. Yogyakarta: Graha Ilmu, 
2021. [Online]. Available: http://repository.iti.ac.id/handle/123456789/640 



Int J of Basic & App Sci p-ISSN 2301-8038   e-ISSN 2776-3013  

 

Optimization of distillation column reflux ratio for distillate purity and process energy requirements (Fitriah, et al) 

81 

[20] H. G. Ibrahim and M. M. B. Mahmod, “A comparative study for biodiesel production by reactive distillation: 
simulation process,” Journal of Humanities and Applied Science (JHAS), vol. 29, pp. 174–185, 2016. Available: 
https://asmarya.edu.ly/journal1/wp-content/uploads/2017/07/29_13.pdf. 

[21] N. A. Ibrahim and M. A. Ahmad Zaini, “Parametric investigation of fixed-tray, semi-continuous distillation 
column for ethanol separation from water,” Jurnal Teknologi, vol. 78, no. 11, pp. 85–92, 2016, doi: 
10.11113/.v78.7448. 

[22] K. Im-orb, A. Arpornwichanop, and L. Simasatitkul, “Process intensification approach for design and 
optimization of biodiesel production from palm fatty acid distillate,” Biotechnology Reports, vol. 30, pp. 1–
14, 2021, doi: 10.1016/j.btre.2021.e00622. 

[23] K. Haryani, “Optimasi kolom pemisahan di kilang propylene Pertamina RU IV Cilacap,” Jurnal Rekayasa 
Mesin, vol. 15, no. 2, pp. 126–136, 2020, doi: 10.32497/jrm.v15i2.1956. 

[24] S. S. O. Silva, M. R. Nascimento, R. J. P. Lima, F. M. T. Luna, and C. L. Cavalcante Jr., “Experimental and 
simulation studies for purification and etherification of glycerol from the biodiesel industry,” Engineering, 
preprint, Oct. 2023. doi: 10.20944/preprints202310.1925.v1. 

[25] T. Mahdi and A. E. Al-Kawaz, “A simulation study of enhanced distillation using ultrasound waves for the 
separation of azeotropic mixtures,” AMR, vol. 11, no. 1, pp. 97–107, 2018, doi: 
10.4028/www.scientific.net/AMR.909.83. 

[26] H. N. H and R. S. Weri, “Penentuan rasio refluks optimum berdasarkan kondisi umpan yang digunakan 
pada kolom distilasi,” Majalah Inti Teknologi Industri (SAINTI), vol. 15, no. 2, pp. 73–76, 2018. Available: 
http://ejurnal.poltekatipdg.ac.id/index.php/SAINTI/article/download/163/120. 

[27] L. K. Wibowo et al., “Perkiraan biaya modal spesifik atas pabrik multi efek distilasi,” inteka, vol. 7, no. 2, 
pp. 30–38, 2022, doi: 10.31942/inteka.v7i2.6899. 

[28] O. A. C, A. M. O, O. J. I, and N. C. N, “Saving energy and tray numbers in ethylene-ethane distillation 
towers by vapor permeation membrane load sharing,” Chemical and Process Engineering Research, vol. 42, 
no. 32–43, p. 2016. Available: https://core.ac.uk/download/pdf/234689237.pdf. 

 


