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ABSTRACT

A new depropanizer is designed for the revamped petrochemical complex
PC1 in Basrah. Conventiona 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 stagesis found to be (55) stages and the feed
location is at tray 25" from top, with feed temperature of 32°C. The tray layout and
sizing is estimated using Hysys, al 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,
Didtillation.
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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
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the petrochemicals can be revitalized with some investment. Basic infrastructure
aready exists and can be rehabilitated and expanded.

A revamp study to the ethylene plant at Basrah petrochemical complex PC1 was
proposed by Linde * and Al-Azzawi ’ 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 Cs'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 depropani zer
and propylene fractionator are not constructed because of the low yield of
propylenein 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. Finaly,
simulation and design of a new depropanizer for the revamped ethylene plant are
conducted. This study includes the optimization and simulation of a conventional
digtillation 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 mgjority of the increase in demand
occurring in Asia. Propylene prices that were high in 2010 (approximately $0.6/1b.)
have continued to increase and are projected to remain between ($0.7 — 0.8/lb.) in
North America . 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 aso has risen
above that of ethylenein 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), chemica 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 products5].
Worldwide demand for propylene s distributed as follow *:

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 aways will be, driven by the
availability of competitive raw material, first coa 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
gasesin US, Japan, Europe, Canada and Asiaimpact 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 2. 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
amgor player in both energy exports and petrochemica production. Feedstock's
advantagesin Irag should fud a powerful and continuing upsurge in petrochemical
industriesto divert Irag'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 mgor
contribution to the stability and security of global energy markets. Natural gas can
play a much more important role in Irag’s future and a vital first step will be to
reduce the amount of gasthat is currently flared. Once domestic needs are met, Irag
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 a Basrah PCl 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 datais
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 C;*. The feed composition of the depropanizer is given in
table 1. The column operates at afixed pressure of 10 bars to reduce fouling in the
bottom section of the tower™. The feed pressure produces a flash (split between
vapor and liquid), depending on its temperature. Heat Q, is provided at the bottom
of the column by low pressure steam, and extracted at itstop by condenser Q..

The vapor — liquid equilibrium on the tower trays is caculated 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 hydrocarbons™. There are two assumptions for this simulation; first, the
state of the process model for smulation 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 mgor considerations for the smulation 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 thefeed stream
to the depropanizer.

Component Flow rate Mole
kmole/hr Fraction
C,Hg 2.399 0.0165
CsHs 77.64 0.5347
CsHg 21.9 0.1508
CsH. 1.29 0.0089
i-C4Hqo 32.09 0.2210
i-CsH1o 4,15 0.0286
n-CsHy, 5.74 0.0395
Total molar rate 145.2 1
kmole/hr
Total massrate 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 cdculations 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 38°C, propylene composition in the bottom
product = 0.001 and propane composition in the ditillate = 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 modd 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
theresultsare drawn in Figures (1, 2, and 3).

Figure (1), shows the propylene mole fraction in digtillate for different reflux
ratio for each number of stages. Higher composition can be reached at reflux ratio
=2landN =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 ishigher for N=60 for al 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) Resultsfor the short-cut Method.

Component Mole Frac.Feed | Mole Frac.Digtillate | Mole Frac.Bottom
C,Hs 0.0165 0.0233 0
CsHs 0.5347 0.7549 0.001
CsHs 0.1508 0.2099 0.0078
CsH4 0.0089 0.0119 0.0017
i-C4H1o 0.221 0 0.7564
i-CsHyp 0.028 0 0.0978
n-CsHyp 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 6.167x10° 3.184x10°
Temp..C° 38 6.479 66.11
Pressure bar 10 7.19 8.25
Externa 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
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Figure (2) Condenser Duty vs. Reflux Ratio at
Different Number of Trays.
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Reboiler Duty keal/hr

Reflux Ratio

Figure (3) Reboailer 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 25" 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 32" stage and 38"

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

Different Feed Location for N=50.
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Figure (5) Reboiler Duty vs. Reflux Ratio at Different Feed
L ocation for N=50.
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Figure (6) Condenser Duty vs. Reflux Ratio at Different Feed
L ocation at N=50.

For the chosen reflux ratio, a comparison between the numbers of the stagesis
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 25" stage from the top gives higher
composition which is equa to 0.75, and heat duty Q.= 7.49x10° kcal/hr and
Q,=7.76x10° kcal/hr
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Figure (8) Feed L ocation vs. Heat Duty for N=50 and R=1

Figure (9 & 10) show the same variables but for N=55. The feed location at stage
25 aso gives higher propylene composition equal to 0.7542, Q.=7.5x10° kcal/hr

and Q=7.74x10° kcal/hr.
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at N=55 and R=1.
107



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

—t—(lc —8—Cr

Heat Duty kcal/hr

Ty i8] 203

Feed Location

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

Figure (11 & 12) show the same variables for N=60. It is found that the
optimum location for the feed is 25" from top, which gives propylene composition
=0.7548, Q.=7.48x10° kcal/hr and Q,=7.776x10° kcal/hr.
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Figure (11) Feed L ocation vs. Propylene Composition in
Digtillate for N=60 and R=1.
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Figure (12) Feed L ocation vs. Heat Duty for N=60 and R=1.

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 ditillate and the heat duties.

In the above studied cases, the feed temperature was fixed at 30°C. 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 resultsfor different feed temp. kcal/hr mole

fraction.
Feed fy Propylene Isobutane Q Qc
Temp. mole mole kcal/hr kcal/hr

ce Fraction in Fraction in

Distillate Distillate
30 0 0.7542 0 75x10° | 7.74x10°
32 0.0847 0.7540 0 7.244x10° | 7.494x10°
38 0.5116 0.7465 0.0097 7.6x10° | 4.871x10°
40 0.7158 0.727 0.0352 7.9x10° | 3.905x10°

From Table (3) the optimum feed temperature is 32°C. The optimum design
variables for the depropanizer are N=55, feed location=25" from top and feed
temperature =32°C. Appendix B gives the full design for the chosen column with
al specifications and the PFD using Hysys printout resultes.Table-4 shows the
process flow data sheet for the depropani zer 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
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to be (0.762 m) with maximum flooding of 73%, al the important results for tray
sizing are shown in appendix C.

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

Component | Feed Didtillate | Vapor to Reflux | Bottom | Vapor
Condenser to from
Column Reboile
C,Hs 2.399 2.399 4.798 2.399 0 0
CsHs 77.64 77.447 154.9 77.447 | 0.1933 1.754
CsHg 21.9 21.568 43.14 21.568 | 0.3318 2.967
CsH,4 1.29 1.2749 2.55 1.275 0.0151 0.139
i-C4H10 32.09 0 0 0 32.09 150.4
i-CsHy, 4.15 0 0 0 4.15 8.174
n-CsHyp 5.74 0 0 0 5.74 9.5
Tota
kmole/hr 145.2 102.689 205.388 102.689 | 4542 | 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. C 32 12.57 12.569 12.569 72.36 72.36
P bar 10 8.5 85 85 9.5 9.5
Vapor Frac | 0.0847 0 1 0 0 1
fy
Total Number of 55
Stages
Feed L ocation 25" from top
Reflux Ratio 1.0
Reboiler Duty kcal/hr 7.244x10°
Condenser Duty 7.494x10°
kcal/hr
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 stagesis45.

2. The optimum number of stages for the depropanizer is found to be 55 stages.
The feed location is at stage 25" from top, and the feed temperature is 32°C.
These values are chosen from the ssimulation 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. Hysysis 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 resultsfor the" Lummus"
depropanizer (1976) and Hysys ssimulation results.

Comp. X Lummus | Hysys | Lummus | Hysys
Xp Xp Xw Xw
C,Hs 0.0032 | 0.0045 | 0.0043 0 0
CsHs 0.5920 | 0.8239 | 0.8245 | 0.0052 | 0.0055
CsHs 0.1155| 0.1544 | 0.1532 | 0.0218 0.02
CsH, 0.0099 | 0.0119 | 0.0110| 0.0054 | 0.0065
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i-C4H1o 0.0037 | 0.0003 | 0.0002 | 0.0125 | 0.0123
C,Hsg 0.0274 | 0.0008 | 0.0011 | 0.0945 | 0.0927
C4He 0.1379 | 0.0039 | 0.0045| 0.4799 | 0.4727

n-C,Hyo 0.0298 | 0.0003 | 0.0002 | 0.1021 | 0.1034

i-CsHyp 0.0282 0 0 0.0935 | 0.1007

n-CsHy, 0.0523 0 0 0.1851 | 0.1862

Molar flow kmol/hr | 61.29 42.82 4411 18.47 17.18
Mass flow kg/hr 2896 | 1814.28 | 1872 1104.7 1023

Mwt 47.25 42.37 42.44 50.81 59.55
Temp. C° 314 11.7 125 72.9 76.65
P bar 8.47 7.19 8.113 8.25 9.103
Reflux Ratio 12
Number of stages 26
Feed location 4™ from top
Qc kcal/hr | Lummus=3.253x10° | Hysys= 3.518x10°

Q kcal/hr Lummus=2.768x10° | Hysys= 2.891x10°

Appendix B:
Hysysreport documentsfor the whole design of the
depropanizer of N=55, Feed L ocation 25" from
top and Feed Temperature= 32 Ce

— 3

= = Pt
205.4 _‘ Qc
kgmolelh 5
F o ENn o :
11 | 102.7 Condenser 102.7
Main Ts Kgmole/h kamole/h

——| 2 5]
145.2 —
kgmole/h 551«

o Qr
173 = T I

kgmole/h | LL]D Reboiler

=

215.5
42 .52
kgmole/h kgmale/h
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W

HYSIM'e Dewedopmen Taam
Calgary, Aftearia
CANADN

Casa Name DIVCAETE GAssEM\New Rescarch Depro Ca8O00 e
i Sl Eniias|
Dt Time Ea Mar 30 161422 2013

Distillation: DEPROPANIZER @Main

COMMNECTIONS
Erirt Sirgam
STREAM MAME Stage FROM LNIT QPERATION
G Rebailer
Feed 25 Main TS
el Stream
STREAM MAME | Staoe T UNIT OPERATION
| Qe Congenser
| bula Restoiker
| propa Condenser
SPECS
Ciotamn Spacilicaton Paransdars
Reflux Ratio
Sdape: Co | Flow Basis Molar | Liquid Speaciicaion |
Refiux Rate
Slage: Contersar | Fiow Basis: Moiar | Liquic Spacification =
Btms Prod Rate
Stream bita | Flow Hasis: Molar_| |
Distiltate Rate
Stream. proga | Flow Basis: Sciar | |
Comp Fraction
Stage: Cordenser | Flow Basis Mala Fraction | Phase: Liquid
Componanes | +Butane
Comp Fraction - 2
Slage: Raboler | Flow Basis: Maie Fraction | Phase: Liquig_|
Camponents Propana |
Temparatur:
Stage. 16 MainTs | 1 ]
MONITOR
%iﬁhliuns SLENFry
Spescified WValue Crisrend Valos Wi Error W, Taol Abs Ted Ariive  Eatimate]| s
Refiax Rasioy 1.000 1.000 Ld1de008 | 1,0008-002 1.000e-002 on an On
Reflux Rata — AG2. T kgrmabaih — | 1.000a-002 1. 000 kgrnoleth Of | On O
Eims Prod Reta — 43 52 kgreoiah — | 1.000e-002 1.000 kgmoleth Off Cin Off
Dislilabs Rate 102.0 kgmakaih 102. T kgrmalaih 6. 7552003 | 1.000-0{2 1,000 kgmoledh ot On o
. Comp Fraction 1. e 0104 4. 1550007 08061 | 1.000e-002 4 O00e-003 oft o 08
Comp Fraclion - 2 7. ElHle-003 T.503e-003 Dra2e-004 | 1.000e-002 1 000e-003 on O on
Tamperaikne 3500 C 16.06 C -3.788a-002 | 1.0008-002 1000 Of On Ooff
PROFILES
Ganerad Paramelers
SubFlow Sheet: DEPROPANIZER (GOLY) | Numbes of Stagas: 55
Profile Estimates
Tamparatura sl Liguid el Vapour
=] {lgmaiaih) ikgmakah)
Canderisar 12.58 1028 1.152a-018
i__Main TS 14,03 1030 205.8
2__Main TS 1443 LR 07
3__Main TS 14,55 103.0 2056
4 MainTE 1463 1030 205.8
5 Main TS 14,81 1es | 2057
fi__hgin TS 15.00 1027 205 6
Hypratech Lid HYSYS Plant w2 2 [Build 3767) Pags 1 of 8

Licensed w: HYEIW'S Development Taam
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_g;ﬂ—-:

HYEA"s Dovalopmsan] Taam
Calpary, Abena
CANADL,

Liri G Eunasl

Caga Mams: DAZAEIE CARAFL MM e Rossaich Deprm Cadd00 hes

DT hmea:

Sarl Mar 20 16.14:34 2013

Distillation: DEPROPANIZER @Main (continued)

Licansed ficr HYE B Davelaprmsi Tsan

Frofile Estimatae
Temperaure Mai Ligud | Ml vapow
ICi fagmaiaih| {egErelaii
T__MWain TS 15.25 025 2055
&_ Man TS .ap nz 2053
B M TS 16.07 M5 M8
19._Wan T5 B.T4 00E 2.2
V1 Main TS 17T L1 2014
1Z__Man TS 0B w1 202 2
13_Main TR 0.3 BEG o
14 Main TS 2103 e i 1954
15 Msin TS 2.0 B2 AR er.7
16__M=in TS 2542 2200 1559
17 __Main 5 26,58 w04 1770
18 Main TS 8BS 1014 ot i
12 _Nain TS 17 52 1008 e
20_Main TS 1553 {ERL 0.2
F__hban TS (RS 8Bz #12.0
22 Main TS 2T 2E0 6 |
I__Main TS e I8 a2 |
24 Main TS e 20 A |
mn_hain TS T 2512 1788 |
26 Main TS FiL) .3 |
| 27 __Main TS 2510 2218 178.8
26__Main TS 2 2Z16 170.0
| IH_ Main TS 2450 Zz.8 170.2
| 30__pdnin T8 2ET | 219 | 1A
M_Main T5 7350 1 1788
32_ Main TS 2011 22 1705
J3__Main TS = 24 1708
J4_Muin TS 2340 2215 700
J5__Moin TS =T 3227 801
35__Maoin TE 2000 A 005
37_Main TS 30.24 el (LR
38__Main TS 3,41 .2 IR
AB_Main TG MTh 2313 BT
AD__Main T3 .08 34 1803
A1__Man TS M. 2335 181.0
42 Man TS 1,87 24 810
£3_ Main 75 .52 2 1610
44 Mpn TS 33,50 2.5 sooLt
45__Man T3 AEaon Frid.] BBl
#5__Man TS .28 20 3-8
W7_Men TS Ail. A7 8.5 1T
&8 Maon TS 44.87 274 BT
#3__Man 75 4547 T2 1750
§0__Man TS S16T TR 1745
51__Main T3 57,55 8.1 1TEA
G2 Man T3 G060 i IMG
83 Men T3 205 FFIE ] 17T
B4__Mmn TS 04,87 1048 ITE 4
55__MBn TS5 157,58 257 T4
Reboiler 7288 4243 | 1733
PROPERTIES
Proporties . Feed
Ciuarail | epowr Phass | Ligdd Fhass
WapounFhage Fracion 00347 00247 [ol: gl
Tarpaialurs {Ch 200 3200 i ]
Fressun: |bary 1000 100 1000 |
featar Flow {hgmuleh) 144.2 | 329
Rlass Flow Lk pain | a3 | E305
Hyprotach Lid HYEYS Planl y3 2 {Build 3797} Page 2 off
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HYSINTS Deavalapment Taam

Cage Maime: CoACAEIE CAASE (Mew Rassarch Dapro GAAGCOH hae
unit Set Euras)
DatedTime Sal Mar 30 16: 14:34 2013

Distillation: DEPROPANIZER @Main (continued)

Lizunuist ta: HYSM's Demicoman Team

115

P 5
Crwwrzail Wapour Fhage Liquid Phage
Liguid Volorme Flos [{izE ] 1202 1.041 1157
Midar Entfuky (mealhgmoe) | | 42ka+002 5603 1_508e (0L
harss Erithaly lacikn) | -29RG | 1276 i34
Mrdar Ersopy (kMagmoie- ) 6657 | 1048 6307 =
Mass Entropy (hlikg-C) 1.304 | 2,100 1.310
Hizal Fliow [Hcaim) -2 0T 3ae008 B Q=0 -3 D D06
Sdclar Dengity fkgenoleim) 3,780 0A734 10.78
Miags Danely Cegimi 1810 20.7% 518.1
S Liguid Mass Density  (sgimd) 542 4 5241 Sl [
el Heat Capacay (klhkgrmale-0) 1237 78.72 1278
Mass Heal Capacity {kMiog-C) 2591 1.763 2588
Themral Conductisity 1 ] — 1.&0e-002 §.633a-002
\iscosity {eP} 5 8101003 B, 1006
Surface Tension @medcm| - - 3 |
Miokecaiar YWeight 47.78 XL 4812
Z Faciar — 1.6328 3.8 K12
P a
Charal Wapoit Phose Liquid Phaso {
WapourPhase Fracton QL000E 0. 0000 1, 00
Tamo L] 12.57 1257 12.57
Pragsine: (bar_| B.500_ 8.800 5500
Midar Fiors gl o2 7 0.0000 102.7
Mass Flow kg 4333 2.0000 4333
Liguid Vesurne Flos by B41s | 0.0000 B.414
Moiar Ennalay {caligmoie)| 5408 | -2 -A45
Mess Endhalpy Mecalkg) | -130.3 | =53.40 -130.3
Molar Entropy feamsle-Ci T 9473 56,35
iass Enfrapy (Mg 0. B0 2263 0 B0EE
Heat Flow {kcalh) -5 B4 Ter 005 [ -5, 54 T+ 008
Miglar Density (kgrmaiema} 12.35 04228 12.38
Mnss Donsity (egim3; 24T 1780 521.7
S4d Ligudc Mass Densdy  (kgim3) 5iTh 513.2 =19
Molar Heal Capachy (kkgmole-C) T4 [ 110.4
flags Hieal Capacity (g -G 2815 1677 Z 815
Thesmal Corsuckly I 01122 1, 714002 | 01122
Wiscosity Py B GH3e-00E 8585003 86530002 |
Surtace Tension {(cynevomn; B17TS = B.175
Malaoitar Waight 42,20 A1.64 azzn |
£ Facior 2 Bide-0E 0. 5883 2. M0dp (12 |
F .

[ Civsral \agour Phass Liquid Phase |
VapmurPhase Fraction | .00 0.0000 1,0000
Temrgpanure: ] T TEH T2.38
Prragsuine: iBar| L HIH] .500 0,500
i Flow lagmolat] | 4z 53 0.000] 252
Mass Flow kil | 2602 00000 2602 |
Liguin Wokime Flow (mam) | _as0 | 0000 &80z
Mot Erhaliy (e L raciies =3 FITa-+{HM =3 11T+ 00 -3 50T e+ 004
Mass Endhaliy (eaikg) 5893 =271 -588.3
Molar Eniropy (fgmile-C) 1078 | 1547 1078
Mass Entropy {kdikg-C) 1.762 2 E50 1.762
Heart Flors |kealh) 1. 534a+008 | CL00c] -1.534e+ 06
Molar Densfy LT 33 ] 0.4083 5285
Mass Dansiy (kgim3) 505 4 2421 506.9
5id Liguid Wass Denssy  (kpim3) 5804 5701 504
Molar Heat Capachy (klkpmaia-C) 17248 122.3 172.9
Mass Heal Capacity {kbhg-C) 2825 ZA88 il
Themial Corduetivity  (Wim-K) T 2pie-002 2 14e-02 7.E2e002
WViacoaity =] 1152 9. F08a-0073 0.1152
Surface Tension [etymaiom) aoas | — B0ge

| Hyprotech Lid HYSYS.Plant v2.2 {Build 5797} Page 3 of &
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HYSIM'E Devalopment Team
Calgary. Alberia
CAMADS

Came Mmme

DYCAEIE CandEUfiNew Research Depro A&l hss

Linit Set

EuraS|

Drata Tiime:

Sat Mar 30 16: 14224 2013

Distillation: DEPROPANIZER @Main (continued)

F -
Deral Vapour Phase | Liguid Phass
Molecular Waight a1.20 5614 B30
T Facior £ ) ie-M2 0.807e 4001002
SUMMARY
Tray Summary
kv Baats. Malar | Reflux Ralo 1.000
Temp PIEsEuM Liuid RUETETT Foeds Drares Chulissd
L+ =230 {egmotam) gmakei) Lagmuoedi [hgivaeti) koAl
Conderser 12.57 &.500 1027 — - et | L 7. Afaee 005
1 Main TS 14} B.800 2.8 2054 | e
Z  MainT5 14,353 8,219 1030 5.6 —
3__Main T8 14.55 LR-21d 103.0 | 2056 =
4 Main TS 14,66 B.555 108.0 | 205.7 =
5_ Main TS 1475 BET4 _loan | 205.7 | -
5 Man TS 14,84 B.860 1030 205.7 ] -
7 Main TS 14 32 &8 103,10 205.7 =
A__Idan 15 15.81 2.630 103.1 2057 —
0 Main TS 15.09 A.640 1031 054 | —
0 Main TS 15.18 A8547 1031 2058 | ] | =
11__Main TS 1537 2505 1031 058 | ==
12 Main TS 15.38 A.704 103.0 2058 i
13 Main TS 15449 8722 130 2057 | —s
14__Main TS 1583 5741 (] 06 T —
15 Main TS 1581 | 8785 2T 05.0 o
16__Main TS 16.06 8778 1025 #0154 2l
17_Main 15 16,40 8786 | 1020 2052 | | =33
18._Main TS 1588 | BE1S | 101.4 7| FE
18_Main TS 17.58 a.B33 | 100.5 2040 | -
20 Main TS 18.52 - H.L¥ 93.38 2032 | -
i1 Main TS 19,72 B.ET BE.02 202.0 o
22 Man TS 2114 [ BE.57 200.7 e
23_ Main TS 22.74 B.ET B4.93 e | -
24__Main TS 2457 i B2.50 1T E
25 Main TS 73 B ad 208 1982 1452 | w_| -
26, Main TS 27,58 [ 221.3 e |
Z7_Man TS 2735 BoBA1 2244 irar
28_Main TS 2808 8000 2.6 17as =
79 Main T5 28 22 8,010 Friki 17 =
a0_ Main TS A | 9.037 218 170.2
31 Main TS 5.58 4,068 230 1789.3 —
32_ Main TS 8,78 8.074 | e 178.8 | l —
33 Main TS 80 | 9.083 o 173.6 | -
34 Main TS 3943 B1fl ] 178.8 e
38 Main TS 2033 9130 rrd 3 178.5 —
M__Mmin T3 .82 0148 2T 1801 | =
a7__hain TS 2H.T4 8167 2229 TEDZ =
a@__hain TS 2008 6185 2231.0 1604 | =
36 _Main TS 020 2 B04 223.1 180.5 = =
AC__Main TS A4 5227 223.2 1805 { o
A1__Main TS 3078 9241 223.3 1807 -
42__Main TS .14 8258 2232 TEOT —
43 Main TS a7 8278 2224 A80T na
dd__Mein TS X283 9.266 | 2254 1804 | = =
45 Main TS 33,87 .31 | 214 1740 | e
45 Main TS .M g.333 | o 1788 | e
#7_Main TS 30,06 9382 | 2154 | 1778 | |
4B Main TS 43.07 370 217.2 1755 | | =
&0 Main TS 47.72 9,389 218.7 174.6 =
5__Main TS 52.47 | 4407 2173 174.2 l =
51__Nan TS 56,57 | 54z 2185 | 174.8 [ [
| Hyprotach Led HYSYS Plani v2 2 (Ballg 3797} _FPpgpaoié |

Lizernsed o HTEINS Devsloprren] Tasm
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Cane Marne! DaCaE|E CasaElRMew Research Dapro G000 0Lhss

HYSIYe Developman! Team

[ T — Calgary Albars Link Sat: CurasSi
5 CANADS
Date Time: Saf Mar 30 18:14:28 20113
Distillation: DEPROPANIZER @Main (continued)
: Tray Summary _
| Termg. Prestsun i Loanid Waptur | Fesesis | Dirawes Curiies
] oar) (Egrraciath) {kgmokat gk} {kgmakaih] |kc.ﬁ.‘h;!
57 Main TR 50,84 a4 | 2187 1780 |
61 _MainTS | A | s | [E] [ [ =
54_ Main TS | [T 0451 178 ]
55 Main T3 67,25 530 = 1778 |
Reboiler 2.8 | ELB00 TG ] [ azs2 |1 T Dbke=005
TRAY by TRAY PROPERTIES PLOTE
Temperature Profile [ Pressure Profile
Bang L K-
s .40
1]
=] o L
= o
B o =
B o
o 5 g
uy
E_ 00 g
B G sm
w0
Bk BED
120 n4a
b] m n EL] 1] &0 n L] 2 o g 5 #
Stage Murmbser [ Stage Number
Flow Profiles Transport Properties
@40 EEE az a2 |
L r |
0 Yoy, 4. }Bn
"y Pay '
T =0 2 o S0 ey, " s, i 1]
E e !
E a0 - 1 ! a0
E . ik
2 e it T B8 ) “l
£ = R
E 141 o, 1 £2
o s i
Iﬁ 120 14 o &10 i3 D
<] 5 & b
= 10 o Ty 48
E B 50 508 g LI
B0 ‘.' A R
i wa oo bbbk iR ba -
] 11 ] 10 an 4] an n o 20 £ ] 53 )
Stape Mumbar Stage Nurmber
Hyprtech Lid HY 595 Plard v F (Build 3797} Faga 5ol6 |

iewibed 12: HVE WS Dentopmenl Tean
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Case Nama DACAEIE CaBASUFMNew Resasrch Dapro GAROCOLhsC
HYSWs Devalopmant Team —
P Calgary. Albaria Linit Sed Eurasl
e i B . 2
CrateTime Sat Mar 30 16:14:24 32013

Distillation: DEPROPANIZER @Main (continued)

TRAY by TRAY PROPERTIES PLOTS

= : T "
Composition Profiles i K-Value Profile
£ 500 5 50
o200 5 00
700 e
T 2
= a5
; i E A5
= :': a6
%_-;- 400 w i
= -
) a0
LR ] oo
300 . 0500
T E1] 3 40 5o 50 o 10 ) an 4 &0
Stage Number Stage Mumber
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Appendix C

P—m

HYSIWs Devalopment Team
Caigary. Albsaria
CAMADA

Case Mame:

DACSEIE CaisE AdNew Reseanch Depro CalOcd) hes

Limit Sen

EwosSi

Dl T

Sat Mas 30 16:06:08 2013

Tray Sizing: Tray Sizing-1

SETUP

Tray Secton

Main TS @COLT | Ligud

Dirares:

0.00 %

Siewa Tray Flooding Mathod

Flinimaim Cab-

Sacticn_1

Seclion Stan

1_Main TS

Section End

65 Main TS

Indernais

Wiy

Maoge

Dagign

Achve

oOf

Status

Camplets

Dresign Limil

F looding

Limiting Stege

=5 __Main TS

SPECIFICATIONS

Section 1

Secson Start

hain TS

Secion Eng

kiain TS

Indernais

Wale

Mode

Mumber af Flow Faths

Section Diasneier fmp

| Teay for Properties

Trary Spacing i

A

Tray Thickness

Foaming Fachar

Rax Dalla P (ke of ba)

Max Fiooding [

Packing Comsdalion

HETF (mi}

Packing Typsa

TRAY INTERNALS

Sacticn_1

Secton Start

t__Main TS

Sectan End

§&__Main T35

Wahra

Sigwve Hale Pich

iy

Sisve Hole CHemetor

{mmj

Sw'ahve Wit Dansity

{kgim)

220

Wadue MAL] Thicknass

iy

1.524

Hale Aran (% af A8)

1)

15.20

Welye Orifice Typa

Siraighi

L 1vy ]

alve Desigr Manual
Bubble Cap Siat Height

immy

Siie Wair Tyoe

S'I.raim‘\_-l

Wi Faaighd

frarmp

50,80

= nes Typa

Raw Vieir Loading LmAh-mp

ES.42

ertical

Eowncomes Claarance

{rmmjy

i N

Max D Backup

¥}

Side DC Top Viidih

frmmj

50,04

Side OO Bokiom Widsh

frmm}

Centre DT Top Width

fmm)

_Cenire DC Botiom Widsh

Immj

0.C. DG Top Wigth

[rnim)

0.C. O Soteom Vidih

ey

0.5 D Top Widih

fmmy

0.5 DC Boslam Wik

{rmm}

TRAY RESULTS

| Saction_1

Hyprotech Lid

HYSYS Plant g 7 (Build 57871

Page 1 of 11
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HYSIM's Davalopmant Tasm

Cars Name. DACAEIE CaRaEL I Mow Research Depro CAADCN s
Uil Sea: EuraS!
Date Tima: Sat Mar 30 160608 2013

Tray Sizing: Tray Sizing-1 (continued)

Licansed tn- MY 5Ms Daswaopment Taam

120

Saction Slar 1__Main TS
Secton End 55 Main TS
Idennals Sahee |
Sesction Diarweler {mi 9. 7820 |
Max Flood §%%) 73.02
A-Sectionat Area (mz] 0.4550
Secson Hesght [m] 33.53
Section Defta™ {Bar| 26T
MEP 1 |
Fione Langth mmi A44.5 | I
Fricks® Y¥ideh [P 718.2 | |
M DG Baciup 3] | 3807
Mae ‘Weil Load [ ) 41,43 |
Max DPY Tray {Ewary 5.631e-003
Teay Spacing {rnm) EQD.A
Todal Ve ik {rEm) B156.9
Wi |Heghl {mm) £0.80
At Area (miy 0.3184
0 Cleawanos i ag i
DC Araa [ ) i Al D2
Side Weir Length [mj .&18%
Hole Aeea () 4.87T1a-002 |
Esfimated # of HolesValvas 42
Falial Araa [z} 0.0000
Relial - 5 {mm} -
Beliaf - A (mem) o
Haliaf - B {memi 2= =
Side DC Top Widlh (LAl H] 1688
Side DS Bim Width {mm} 1588
Side OC Top Lenghn qm 2.85%80
Side DG &im Langth ymil | 06189
Side DG Top Ares [rzy | 6.5838-002 |
Tide OC B, brea im3y | B BRIe-DOE |
Cantre DG Top Width {mmi} @, 0000 |
Canre DG Eom Wiss Lmmil 20000
Camnira DG T Langth qm) | 00000
Cesntre DG B Lengin i) - 0000
Cenire DC Top Area ima) 0000
Cinira D Bim Area {mh 0. 0000
0. DT Top Widih mmi 0000
0.5 D:C Bim VWi L] £, 1{E ]
0.C. DC Tap Length {m 00000
0.0 DO Bim Length {mj 00000
C.C. DC Top Arag gmah 0. D000
0T DG Bim Ares {ma) 1. 000
0.5, DG Top Width 41T ) 0. 0000
0.5, DC Birn Veeth {mem) 0.0000
0.8, DC Top Langth imj 0.0000:
0.5. DT Bim Lengh my 0. 0000
0.5 DC Top fres {ma2h 1. B0
L5, DT Bim Ases Lz} 0.0000 |
PACHED RESULTS

Section_1
Sacteon Siar i__Main TS
Section End 55__Main T5
Irermals Walvs
Soction O Amil 0. 7620
Fax Flooding ] 7302
F-Seclionsl Area ma a5l |
Section Height i aa sy |
Sechon Deitad foar] | 02671 |
Hyprotach Lid, HYSYS Plamt v 2 (Build 376T) P 11






