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ABSTRACT 
A new depropanizer is designed for the revamped petrochemical complex 

PC1 in Basrah. Conventional fractionation column is used to match the design of 
the existing plant. The feed to the new depropanizer is the bottom product of the 
revamped deethanizer of the ethylene plant. Hysys package (3.2) is used for the 
short-cut method, rigorous model and tray sizing. Different variables have been 
studied such as total number of stages, reflux ratio, feed location and feed 
temperature. The optimum number of stages is found to be (55) stages and the feed 
location is at tray 25th from top, with feed temperature of 32ºC. The tray layout and 
sizing is estimated using Hysys, all trays are forced to have the same design so that 
the column maintains the same diameter throughout its height. 

 Key Words: Simulation, Propylene, Optimization, Tray layout, Petrochemicals, 
  Distillation. 

 الخلاصة
. البص رة –رة ف ي مجم ع البتروكیمیاوی ات لوح دة الأثیل ین المط وّ  ز فصل البروباناتاتصمیم جھ     

المغذي لھذا الجھاز . ز فصل تقلیدي لیتماشى مع الأجھزة الموجودة حالیا في وحدة الأثیلیناھأختیر ج
للحص ول عل ى أفض ل الظ روف  3.2استخدم برنامج ھایس س . الأیثان ھو الناتج السفلي لجھاز فصل

ت  م . الحدیث  ةوب المحاك  اة الص  ارم المعتم  د عل  ى النمذج  ة لالتش  غیلیة ف  ي مودی  ل الحال  ة المس  تقرة واس  
درج ة ح رارة المغ ذي وموق ع المغ ذي , نسبة الراجع, دراسة تأثیر عدة متغیرات وھي عدد الصواني

صینیة  55وذلك في ان یكون عدد الصواني الأمثل ھو , وتم الحصول على افضل الظروف التشغیلیة
م ن  25درج ة مؤی ة وموقع ھ عل ى الص ینیة  32وان یكون المغ ذي بدرج ة ح رارة  1=ونسبة الراجع

ك  ذلك اس  تخدم البرن  امج لاج  راء الحس  ابات الأولی  ة للتص  میم باس  تخدام الطریق  ة المختص  رة . عل  ىالأ
.وتصمیم الصواني لایجاد اقل نسبة راجع واقل عدد صواني بالاضافة الى حساب قطر البرج

طی  ر  التق, البتروكیمیاوی  ات, تص  میم الص  واني, الأختی  ار ألمث  ل, الب  روبلین, المحاك  اة: الكلم  ات الدال  ة 

INTRODUCTION 
orking from Iraq’s significant potentials for a dynamic petrochemical 
and plastic industry, the downstream petrochemical industries were 
limited by the country's long isolation from world market. The sector of W
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the petrochemicals can be revitalized with some investment. Basic infrastructure 
already exists and can be rehabilitated and expanded. 

A revamp study to the ethylene plant at Basrah petrochemical complex PC1 was 
proposed by Linde 1 and Al-Azzawi 7 for the existing plant to achieve co-cracking 
of LPG with ethylene in order to produce polymer grade propylene. The net bottom 
of the revamped deethanizer must be depropanized because of the higher yield of 
propylene. The top product from the depropanizer (mixed C3's) must be sent to 
selective hydrogenation reactor to increase the yield of propylene. The effluent 
from the reactor must be sent to propylene/propane fractionator to produce polymer 
grade propylene, and propane is recycled to the cracking furnace. The depropanizer 
and propylene fractionator are not constructed because of the low yield of 
propylene in the existing plant. 

In this work, a new depropanizer is designed for the revamped ethylene unit by 
simulating the data gained from the revamped deethanizer to complete the 
objective of introducing new feedstock to the existing ethylene plant. The 
simulation and design are conducted using Hysys package. Hysys incorporates a 
number of significant features including an innovative separation model that allows 
accurate simulation and understanding of the liquid and gas separations that occur 
in oil and gas plants.    

Following are the results of a study that is prepared to assess the financial 
viability of propylene production unit at (PC1). First, the various uses and the 
demand history for high purity propylene are presented. Next, the financial aspects 
for the importance of producing propylene in Iraq are discussed. Finally, 
simulation and design of a new depropanizer for the revamped ethylene plant are 
conducted. This study includes the optimization and simulation of a conventional 
distillation with different operating variables. 

PROPYLENE 
World-wide demand of propylene has been rising steadily over the last 20 years. 

The consumption of propylene in 2011 was 79 million tones and it is expected to 
reach 97.5 million tons in 2015 [2], with a majority of the increase in demand 
occurring in Asia. Propylene prices that were high in 2010 (approximately $0.6/lb.) 
have continued to increase and are projected to remain between ($0.7 – 0.8/lb.) in 
North America 2. In Europe, propylene went above ethylene for the first time ever 
during 2010. Since 2001, the price differential of ethylene over propylene has 
steadily eroded until it reversed in 2010. The price of propylene also has risen 
above that of ethylene in North East Asia [4, 5, 6, 8]. 

Propylene is the primary ethylene co-product from steam cracking of 
hydrocarbons, such as ethane, propane, naphtha and gasoil. Lower molecular 
weight feedstock (e.g. ethane and propane) yield a higher percentage of ethylene. 
Heavy molecular weight feedstock like naphtha, LPG and gasoil, are used to obtain 
more propylene. The propylene produced from an ethylene steam cracker is of 
sufficient purity to produce polymer grade propylene. In the FCC units, the 
propylene is produced as a dilute stream in propane. In the case of visbreaking and 
coking the propylene yields are lower and quality often unacceptable other than for 
refining fuel. Propylene comes in three grades; polymer grade (99.5% minimum 
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purity), chemical grade (93 – 94% minimum purity) and refinery grade (60 – 70% 
purity). 

Propylene is the feedstock for many important chemicals and is used to make 
plastics and fibers as polypropylene (thermoplastic) and acrylic, it is also used to 
manufacture plenty of consumer products such as; food packaging, table ware, 
washing machine parts, outdoor furniture, building components, automotive 
components, pharmaceuticals, cosmetics, skin-care and sun screen products[5]. 
Worldwide demand for propylene is distributed as follow 12: 

Polypropylene 52% 
Acrylonitrile  12% 
Oxo Alcohols  10% 
Propylene Oxide 8% 
Cumene  6% 
Isopropyl Alcohol 4% 
Acrylic Acid  3% 
Others   5% 

The petrochemical industry has been, and always will be, driven by the 
availability of competitive raw material, first coal then oil and now natural gas. As 
plastic manufacturers continue to find new uses of polymers, demands for its most 
basic building blocks, namely ethylene and propylene, will continue to escalate the 
price of monomers. Another issue is the higher prices of crude oil and petroleum 
gases in US, Japan, Europe, Canada and Asia impact on the petrochemical industry 
higher cost of ethylene and propane as well as higher cost for fuel, steam and 
electricity which raises the cost of producing ethylene and propylene. Great efforts 
will continue by these countries to seek-out the lowest sources of production [3]. 

Middle East countries have extensive hydrocarbon resources and geographically 
well suited to supply these products. These countries are expanding their 
petrochemical operations in an effort to diversity their industries and strengthen 
their domestic economics. In terms of future development, the Middle East is at the 
center of strong global growth 3. Saudi Arabia, Iran, Qatar and most of the Arabian 
Gulf countries are expanding their petrochemical business, because the industry's 
center of gravity moves from West to East. Iraq has significant potential to become 
a major player in both energy exports and petrochemical production. Feedstock's 
advantages in Iraq should fuel a powerful and continuing upsurge in petrochemical 
industries to divert Iraq's economy from just exporting oil to industrialization. 

Iraq poised to become game-changer for the world’s oil markets. Iraq’s energy 
sector holds the key to the country’s future prosperity and can make a major 
contribution to the stability and security of global energy markets. Natural gas can 
play a much more important role in Iraq’s future and a vital first step will be to 
reduce the amount of gas that is currently flared. Once domestic needs are met, Iraq 
can provide a cost competitive source of gas supply to US and European market, 
neighboring countries and to Asia [9]. 

   
THE DEPROPANIZER 

As noted previously, depropanizer was not constructed in the existing ethylene 
plant at Basrah PC1 because of the low yield of propylene. Even though 
Lummus[13] (the Construction Company of the petrochemical complex) made a 
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material and energy balance for the un-constructed yet depropanizer. Their data is 
simulated using Hysys to ensure the accuracy of the simulation package. The 
results were pretty good and it is tabulated in appendix A. 

Simulating the data gained from the revamped deethanizer is of high importance 
to complete the objective of introducing new feedstock to the existing ethylene 
plant in Basrah PC1. The feed comes from the revamped deethanizer, as bottom 
product, which contains C3

+. The feed composition of the depropanizer is given in 
table 1. The column operates at a fixed pressure of 10 bars to reduce fouling in the 
bottom section of the tower10. The feed pressure produces a flash (split between 
vapor and liquid), depending on its temperature. Heat Qr is provided at the bottom 
of the column by low pressure steam, and extracted at its top by condenser Qc. 

The vapor – liquid equilibrium on the tower trays is calculated using Peng 
Robenson Fluid Package from Hysys Environment. Peng Robenson equation of 
state becomes one of the most widely used in industry for correlating mixtures 
containing hydrocarbons11. There are two assumptions for this simulation; first, the 
state of the process model for simulation is normally considered to be steady-state 
when the optimal manipulated variables are searched. Second, the model of the 
process simulator is conducted by simple K-value and a Jacobian Matrix is solved 
using inside-out method. In the simulator, the controlled variables are the propane 
mole fraction in the bottom product of the depropanizer is specified to be (0.0078), 
Reflux ratio, number of trays, feed temperature, propylene composition in distillate 
and feed location. The major considerations for the simulation are zero mole 
fraction of isobutane in the top product, and as minimum as possible heat duties of 
the reboiler and the condenser. 

  
Table (1) Flow rate and composition of the feed stream  

to the depropanizer. 
Component Flow rate 

kmole/hr 
Mole 

Fraction 
C2H6 2.399 0.0165 
C3H6 77.64 0.5347 
C3H8 21.9 0.1508 
C3H4 1.29 0.0089 

i-C4H10 32.09 0.2210 
i-C5H12 4.15 0.0286 
n-C5H12 5.74 0.0395 

Total molar rate 
kmole/hr 

145.2 1 

Total mass rate kg/hr 9620.81  
Pressure bar 10  

 
The overhead stream must contain zero isobutane because this component 

affects the hydrogenation step before propylene-propane splitter. We have to find 
the minimum reflux ratio and the minimum number of stage to accomplish the 
separation at total reflux. 

Hysys has separate calculations for shortcut method. This calculation has been 
conducted before steady state simulation of depropanizer. Propylene is assumed to 
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be the light key-component and propane is the heavy key-component. Hysys asked 
about other data to be supplied such as feed pressure = 10 bar, feed flow rate = 
145.2 kmole/hr, feed temperature 38ºC, propylene composition in the bottom 
product = 0.001 and propane composition in the distillate = 0.21. The results for 
the short-cut method are shown in Table (2). 

With this information it is possible to conduct preliminary simulation based on 
equilibrium stage model or steady state model in Hysys, Constant pressure 
operation is assumed. 

 
RESULTS AND DISCUSSION 

First consideration is to assume a certain number of stages (50, 55 and 60) and 
for each assumption the reflux ratio is changed (0.8, 0.9, 1.0, 1.05, 1.1 and 2) and 
the results are drawn in Figures (1, 2, and 3).  

Figure (1), shows the propylene mole fraction in distillate for different reflux 
ratio for each number of stages. Higher composition can be reached at reflux ratio 
= 1 and N = 60. 

Figure (2), shows the condenser duty for different reflux ratio at each number of 
stages, as reflux ratio increased, the condenser duty is increased and the condenser 
duty is higher for N=60 for all reflux ratios. 

Figure (3) shows the reboiler duty for different reflux ratio at each number of 
stages. It shows the same trend as for the condenser duty but with higher values. 

From the simulation results at reflux ratio 0.8 & 0.9 for each number of stages, 
it is noted that a fraction of isobutane appears in the top product which is not 
preferred, as mentioned before. The isobutane disappears from the top product 
when reflux ratio increased to 1 and also for the higher values. 

 
Table (2) Results for the short-cut Method. 

Component Mole Frac.Feed Mole Frac.Distillate Mole Frac.Bottom 
C2H6 0.0165 0.0233 0 
C3H6 0.5347 0.7549 0.001 
C3H8 0.1508 0.2099 0.0078 
C3H4 0.0089 0.0119 0.0017 

i-C4H10 0.221 0 0.7564 
i-C5H12 0.028 0 0.0978 
n-C5H12 0.0395 0 0.1353 

Flow rate kmole/hr. 145.2 102.8 42.42 
Mass flow  kg/hr 6935 4338 2598 
Heat duty kcal/hr  6.167x105 3.184x105 

Temp..Cº 38 6.479 66.11 
Pressure bar 10 7.19 8.25 

External Reflux Ratio 0.6 
Minimum Reflux Ratio 0.155 
Minimum No. of stages 45 

Optimal feed tray 5-6 from top 
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Figure (1) Propylene Profile vs. Reflux Ratio at
Different Number of Trays. 

Figure (2) Condenser Duty vs. Reflux Ratio at  
Different Number of Trays. 
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Figure (3) Reboiler Duty vs. Reflux Ratio at 
Different Number of Trays. 

The feed location is studied at each number of stages and different reflux ratio. 
For number of stages N=50, Figure (4) shows the variation of the propylene 
composition in distillation with reflux ratio. Higher composition can be reached for 
feed location at stage 15 from the top, but for most reflux ratios a fraction of 
isobutane appeared, except for R=1.1 and higher, hence this location is not 
preferred. For feed location at 25th stage from top, it is found that only when R=0.8, 
the isobutane appears in the top product, and this is also observed for feed location 
at 32nd stage and 38th. 

Figure (5) and Figure (6) show the heat duty for each feed location for N=50 as 
the feed moves to the top the reboiler, and condenser duties are increased. But at 
lower reflux ratio they have approximated values. The same has been done for each 
number of stages and they all show the same trends as for N=50, but the results are 
not shown. From all above, the optimum reflux ratio was found to be R=1. 

 
 
  

 
 
 
 
 
 
 
 
 
 

 
Figure (4) Propylene Composition in Distillate vs. Reflux Ratio at 

Different Feed Location for N=50. 
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For the chosen reflux ratio, a comparison between the numbers of the stages is 
carried out. For each number of stages with fixed R=1, the propylene composition 
in distillate, the reboiler and condenser duty are plotted against feed location to 
choose the optimum number of stages and the best feed location. Figures 7 & 8 
show the propylene mole fraction in the distillate, the reboiler and condenser duty 
against feed location at N=50. Location at 25th stage from the top gives higher 
composition which is equal to 0.75, and heat duty Qc= 7.49x105 kcal/hr and 
Qr=7.76x105 kcal/hr  

 
 

Figure (5) Reboiler Duty vs. Reflux Ratio at Different Feed  
Location for N=50. 

Figure (6) Condenser Duty vs. Reflux Ratio at Different Feed 
 Location at N=50. 
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Figure (9 & 10) show the same variables but for N=55. The feed location at stage 
25 also gives higher propylene composition equal to 0.7542, Qc=7.5x105 kcal/hr 
and Qr=7.74x105 kcal/hr. 

 
 

 
 
 
 
 
 

 

 

Figure (9) Feed Location vs. Propylene Composition in Distillate 
 at N=55 and R=1. 

Figure (8) Feed Location vs. Heat Duty for N=50 and R=1 
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Figure (11 & 12) show the same variables for N=60. It is found that the 

optimum location for the feed is 25th from top, which gives propylene composition 
=0.7548, Qc=7.48x105 kcal/hr and Qr=7.776x105 kcal/hr. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (10) Feed Location vs. Heat Duty for N=55 and R=1. 

Figure (11) Feed Location vs. Propylene Composition in 
Distillate for N=60 and R=1. 
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From all above values, and taking into consideration that isobutane does not 

exist in the top product, the optimum number of stages is 55, which gives the 
average values of propylene composition in distillate and the heat duties. 

In the above studied cases, the feed temperature was fixed at 30ºC. For the 
chosen configuration, which was found after many trials, the feed temperature has 
been changed to find its optimum value. The results are shown in table -3. 

 
Table (3) Simulation results for different feed temp. kcal/hr mole 

fraction. 
Feed 

Temp. 
Cº 

fv Propylene 
mole 

Fraction in 
Distillate 

Isobutane 
mole 

Fraction in 
Distillate 

Qr 
kcal/hr 

Qc 
kcal/hr 

30 0 0.7542 0 7.5x105 7.74x105 

32 0.0847 0.7540 0 7.244x105 7.494x105 

38 0.5116 0.7465 0.0097 7.6x105 4.871x105 

40 0.7158 0.727 0.0352 7.9x105 3.905x105 

 
From Table (3) the optimum feed temperature is 32ᵒC. The optimum design 

variables for the depropanizer are N=55, feed location=25th from top and feed 
temperature =32ºC. Appendix B gives the full design for the chosen column with 
all specifications and the PFD using Hysys printout resultes.Table-4 shows the 
process flow data sheet for the depropanizer which was designed. 

To complete the design, Hysys utilities are used for tray sizing. Hysys has a 
utility program to perform a mechanical design of distillation columns; both tray 
and packed. Three types of trays are offered; valve tray, sieve tray and bubble cap 
tray. Valve tray was chosen for the depropanizer. The column diameter is estimated 

Figure (12) Feed Location vs. Heat Duty for N=60 and R=1. 
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to be (0.762 m) with maximum flooding of 73%, all the important results for tray 
sizing are shown in appendix C. 

 
Table (4) Process Flow Data Sheet for the Designed Depropanizer. 

Component Feed Distillate Vapor to 
Condenser 

Reflux 
to 

Column 

Bottom Vapor 
from 

Reboile 
C2H6 2.399 2.399 4.798 2.399 0 0 
C3H6 77.64 77.447 154.9 77.447 0.1933 1.754 
C3H8 21.9 21.568 43.14 21.568 0.3318 2.967 
C3H4 1.29 1.2749 2.55 1.275 0.0151 0.139 

i-C4H10 32.09 0 0 0 32.09 150.4 
i-C5H12 4.15 0 0 0 4.15 8.174 
n-C5H12 5.74 0 0 0 5.74 9.5 

Total       
kmole/hr 145.2 102.689 205.388 102.689 45.42 172.934 

kg/hr 6935 4333 8667 4333 2602 10229.3 
Mwt. avge. 47.762 42.199 41.635 42.199 61.198 59.15 
Temp. Cᵒ 32 12.57 12.569 12.569 72.36 72.36 

P   bar 10 8.5 8.5 8.5 9.5 9.5 
Vapor Frac 

fv 
0.0847 0 1 0 0 1 

Total Number of 
Stages 

55 

Feed Location 25th from top 
Reflux Ratio 1.0 

Reboiler Duty kcal/hr 7.244x105 

Condenser Duty 
kcal/hr 

7.494x105 

 
 

CONCLUSIONS 
Based on the process design optimization, the following may be concluded: 

1. The short-cut method is important for primary design prior to performing the 
rigorous tray-to-tray calculations, because the preliminary calculations give an 
idea of what is reasonable, such as minimum reflux ratio and minimum number 
of stages. It is found that the minimum reflux ratio is 0.155 and minimum 
number of stages is 45. 

2. The optimum number of stages for the depropanizer is found to be 55 stages. 
The feed location is at stage 25th from top, and the feed temperature is 32ºC. 
These values are chosen from the simulation results. This configuration gives 
zero concentration of isobutane in the propylene-propane top product and fairly 
acceptable heat duty compared to other configurations. The presence of 
isobutane in top product of the depropanizer affects the catalyst and the reaction 
of the hydrogenator, to increase the yield of propylene before the propylene 
propane splitter. 
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3. Hysys has been tested for the same data of the designed, yet unimplemented, 
depropanizer of Lummus Company (1976), the results have shown good 
compatibility with Lummus results. 

4. Hysys is also used for tray sizing, and the valve-trays have been chosen. Other 
efficient packages for the tray design can be used as well, which offer new tray 
technology, such as Ultra-capacity tray, Superfrac tray, Flexi tray …etc.       
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APPENDICES 

Appendix A: 
 Composition of the design results for the "Lummus"  

depropanizer (1976) and Hysys simulation results. 
Comp. Xf Lummus 

XD 

Hysys 
XD 

Lummus 
XW 

Hysys 
XW 

C2H6 0.0032 0.0045 0.0043 0 0 
C3H6 0.5920 0.8239 0.8245 0.0052 0.0055 
C3H8 0.1155 0.1544 0.1532 0.0218 0.02 
C3H4 0.0099 0.0119 0.0110 0.0054 0.0065 
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i-C4H10 0.0037 0.0003 0.0002 0.0125 0.0123 
C4H8 0.0274 0.0008 0.0011 0.0945 0.0927 
C4H6 0.1379 0.0039 0.0045 0.4799 0.4727 

n-C4H10 0.0298 0.0003 0.0002 0.1021 0.1034 
i-C5H12 0.0282 0 0 0.0935 0.1007 
n-C5H12 0.0523 0 0 0.1851 0.1862 

      
Molar flow kmol/hr 61.29 42.82 44.11 18.47 17.18 

Mass flow kg/hr 2896 1814.28 1872 1104.7 1023 
Mwt 47.25 42.37 42.44 59.81 59.55 

Temp. Cº 31.4 11.7 12.5 72.9 76.65 
P bar 8.47 7.19 8.113 8.25 9.103 

Reflux Ratio 1.2 
Number of stages 26 

Feed location 4th from top 
QC        kcal/hr Lummus = 3.253x105 Hysys = 3.518x105 

Qr  kcal/hr Lummus = 2.768x105 Hysys = 2.891x105 
     

Appendix B: 
 Hysys report documents for the whole design of the  

depropanizer of N=55, Feed Location 25th from 
 top and Feed Temperature = 32 Cᵒ 

 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

113 

 

 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

114 

 

 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

115 

 

 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

116 

 

 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

117 

 

 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

118 

 

 

 
 
 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

119 

 

 Appendix C 



    Eng. &Tech.Journal, Vol. 31, Part (A), No.18, 2013        Simulation and Optimization of  
                                                                                     Depropanizer Using Hysys 

                                                                                    Simulation Package 
                                                                          

120 

 

 




