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Objective:

To learn general flowsheet

simulation concepfts ,process
design and modelling in Aspen Plus.
And to get an understanding of
the basic features of Aspen Plus
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Aspen Plus is a process modeling software that is used widely by the
chemical industries for process optimization, process monitoring and process
design. It allows the user to design the process and simulate it .

Aspen Plus is a menu driven software which helps us to -

» Predict flow rates, composition, physical properties of process streams.

» Predict operating conditions for the processes, pre sizing of equipments,
and how to connect the equipments( menu driven equipments) .

®» Aspen plus itself codes the physical relations associated with these menu
driven equipments in the background and will have unique equations
called characteristic equations( i.e. mass balances, energy balances,
rate equations, vapour liquid equilibrium)

» |t fakes a design that the user supplies and simulates the performance of
the process specified in that design.




Process Simulation

Reality
Feeds >
Physical Products >
> Process
Energy

Mathematics
Data Describing F} )
Mathe_m_at'cs Data Describing
Describing Products
Data Describing E@ Process

Unit Operation Model Types
e Mixers/Splitters - Mixer, FSplit, SSplit

e Separators - Flash2, Flash3, Decanter, Sep
 Heat Exchangers — Heater, HeatX

e Columns — DSTWU, Distl, RadFrac

e Reactors — RYeild, RStoic, REquil, RGibbs, RCSTR, RPlug, RBatch.




Steps for developing a simulation:.

» Defining the components (like water, ethanol, benzene etc.) Specifying what chemical
components will be present in the streams of the flowsheet. Components can be searched by
usingr Th? Find button. We can find various components using their molecular weight, or boiling
points efc.

» Specification of Thermodynamic Methods( property method, process type).
» Select the units of measurement for input data and output.

» Developing the process flow diagram (Mainstream), which consists of the unit operations
(blocks) and streams that feed and connect the blocks(mixer, separators, exchangers,
columns, reactors, etc.) Convert the process flowsheet into unit operating blocks and choose

an appropriate model for each block.

Adding desired streams to the block (material / energy )which shows arrows where the stream
c,:ron be connected. Red arrows indicate required streams and blue arrows indicate optional
streames.

Addition of various components to various streams.
Entering compound information

Entering information at locations where there are red semicircles, that means required inputs
are incomplete.

Specifying Stream and Block Information that is -the stream composition(mole fractions, mass
fractions, mass flow rates or molar low rates etc.), total feed flow rate, and state for feed
streams (pressure, temperature, vapour fraction etc.)

Running the simulafion and Viewing Results.




Mixer -
Stream mixing , adding heat streams, adding work streams. Combine multiple
sfreams into one stream.

FSplit-
Split stream flows, Stream splitter.

We need to specify feed input conditions(Temperature, pressure, total flow rate
with units, different component composition), split fractions.

SSplit-
Substream splitter, Split substream flows.
We need to specify split fraction of outlet streams.

lash2- Single stage distillation column

Two-outlet flash, determine thermal and phase conditions, separates vapour
and liquid at VLE. Temperature and pressure of flash is kept in between the
boiling points of the two components. We get the lighter component from the
top stream and heavier at the bottom. To get the heavier component from the
top we select that component as key component.

Flash3-

Three-outlet flash



Decanter-
Liquid-liquid decanter, single stage separators with two liquid phases and no vapor phase.

Sep-
Multi-outlet component separator, separate inlet stream components into any number of
outlet streams. We need to specify split fraction of outlet streames.

Heater-

Heater or cooler. When using single heater , for heater we need to specify either temperature
or pressure and heat duty.

If we‘are exchanging heat between two heaters then we require only temperature or
pressure for the second heater.

HeatX- Need to specify two hot and cold streams.
Two-stream heat exchanger, exchange heat between two streams.

Shoricut method- Performs simple material and energy balance calculations, and is used
where geometry is unknown or unimportant.




Shell and tube Method

-Rating shell and tube heat exchangers when geometry is known- Rating is
done to know whether the tube is overdesigned or under designed.

-In exchanger details in thermal results actual exchanger area should be
close to required exchanger area. To adjust the area we can alter tube length
or number of tubes

DSTWU- Shortcut distillation design

Determine minimum RR, minimum stages, and either actual RR or actuadl
stages by Winn-Underwood Gillland method

Coldmns with one feed and two product streams.

Reflux ratio= 1.3 times of Rminimum which is written as -1.3

RadFrac- Rigorous fractionation

Rigorous rating and design for single columns. Outputs of DSTWU are used in its inputs
(like Distillate to feed ratio, number of actual stages, feed stage, actual reflux ratio)
Specify Condenser type, phases, reboiler type, tray type, starting and ending stage
efc.



Distl-

Shortcut distillation rating. Determine separatfion based on RR, stages, and D:F ratio.
Columns with one feed and two product streams. Outputs of DSTWU are used in its inputs
(like Distillate to feed ratfio, number of actual stages, feed stage, actual reflux ratio)
Need to specify condenser and reboiler pressure.

Reactors -

Balance based-
-RYeild- Only mass balance, no atom balancing. Used to simulate reactors in which inlets to
the reactor are not completely known but outlets are known (e.g., to simulate a furnace).

-RStoic- Requires both an atom and a mass balance. Used where both the equilibrium data
and the kinetics are either unknown or unimportant.

Equilibrium based-
Do not take reaction kinetics into account.

-REquil-

Computes combined chemical and phase equilibrium by solving reaction

equilibrium equations.

Useful when there are many components, a few known reactions, and when relatively few
components take part in the reactions.



-RGibbs-

Useful when reactions occurring are not known or are high in number due to many components
articipating in the reactions.

is is the only Aspen Plus block that will deal with solid-liquid gas phase equilibrium.

Kinetics based-
Reaction kinetics are taken info account.

-RCSTR-

Used when reaction kinetics are known and when the reactor contents have same properties as
ouftlet stream.

Allows for any number of feeds, which are mixed internally.

Up to'three product streams are allowed - vapor, liquidl, liquid2 or vapor, liquid, free water.

ndles only rate-based reactions.

A cooling stream is allowed.

We must provide reactor length and diameter.

-RBatch-

Handles rate-based kinetics reactions only.

Any number of continuous or delayed feeds are allowed .

Must provide one of the following: stop criteria, cycle time, or result time.




Drawing various curves in aspen

1)Pure analysis- Using this we can get the curve of any property of the component ( cp,
cv, density) over a temperature range or discrete temperature values.

2) PT envelope-To show the phases of a substance. Line separating solid and vapor phases
is sublimation line. Line separating solid and liquid phases is fusion line. Line separating liquid
and vapor phases is vaporization line. The point where three lines meet is called the triple
point where all three phases can exist in equilibrium. The point where vaporization line ends
IS cclle the critical point. At temperatures and pressures greater than those at the critical

, NO substance can exist as liquid no matter how great pressure is exerted upon it.

1 envelope (for pure component)- It gives the curve of pressure vs tfemperature for a
particular flow rate of any component.

we can compare the properties of different component by merging their plots.

PT envelope (for binary system)-Using this we get the of pressure vs temperature curve at
particular flow rates of two components ( in a fixed ro’rlo) Be’rween the Curves vapour and

liquid will be in equilibrium (as seen in the figure) o=




3) Binary Analysis

Using this we can plot T-xy , P-xy, Giblbs energy and y vs x plof for binary systems (VLE) , where x
and y are the liquid and vapour mole fractions of any one component and that are in equilibrium.
Between the curves VLE exists.

Tie line- A constant temperature line representing mole fraction of a component in liquid and
vapour phase (also shown in the figure below).

T- xy graph is plofted at constant pressure and P- xy is plotted at constant temperature.




Assignment 1

diagram)

4). Exchangers (Heater, HeatX)

Solution:
1)

degree Celcius)

Selected

Properties
All Itemns
3 Tabpoly
—d Chemistry
& Property Sets
3 Data
- Estimation
4 |77 Analysis
= PURE-1
4 |7y PURE-2

; Properties
{ -, Simulation
Ja safety Analysis

49 Energy Analysis

Input Changed | Check Status

2). Mixer/Splitters (Mixer, FSplit, SSplit)
3). Separators (Flash2, Flash3, Decanter, Sep)

Pressre=1.59325 Bar, Property Method-NRTL

P 4= Simulation 1 - Aspen Plus V8.8 - aspenONE

a
< PURE-2 (Pure) - RHO - Plot PURE-2 (PURE) - Input PURE-1 (Pure) - RHO - Plot Methods - Specifications Control Panel PURE-1 (PURE) - Input +

RHO vs. Temperature

RHO kg/cum

Problem statement-Practice each (same) problem covered in session 2b, 3 & 4, which covers
1). Pure (property graph and merging of graphs for property comparison) and Binary analysis (Txy, Pxy & xy

5). Columns (DSTWU, Distl, RadFrac) Hint: Use output of DSTWU as input for Distl & RadFrac column.

a) For pure water — Density vs Temperature for vapour and liquid phase ( for a temperature range of -19.42 to 10C




CP vs temperature of water and ethanol binary system, Property method-NRTL
Individual plots-
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PT envelopes of pure components and their comparison (water, ethanol, benzene, toluene-in order)

Pressure=1.58 Bar, Molar flow rate of each component=60 Kmol/hr
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Merged curves
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Pressure=1.59325 Bar
Property Method= PENG-ROB

Temperature=25.58 degree celcius
Property Method= PENG-ROB

T- xy plot — For ethane and pentane (Mole basis)

-xy plot For ethane and pentane (Mole basis)
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Gibbs energy plot-For ethane and pentane (Mole basis)

Pressure=1.59325 Bar, Temperature=25.58 degree

celcius
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2). Mixer/Splitters (Mixer, FSplit, SSplit) with decanted stream

Mixer -Feed -Benzene, water, toluene, mass fractions=0.3, 0.2, 0.5 respectively.

® oHo- Simulation 17 - Aspen Plus V8.8 - aspenONE _
n Home  FEconomics  Dynamis  Equation Oriented  View  Customize  Sesources | Modify | Format Search aspenONE Exchange U o w S.'
~aReconnect” J}) 7! 30 kons Temperature GLOBAL -
2 » Reroute Stream Hest/Work Pressure ¥ Show All
ik Find Display
2 Insert & Align Object | Show Status™ | | Vapor Fraction  Options » | (&) Lock Flowsheet
Flowsheet Unit Opesations | Stream Resudts (s Section Hierarchy
Simulation + | Economics Energy EDR Exchanger Feasibility e
All arris Capital Cost Utility Cost Available Energy Savings Unknown  OK  AtRisk
# Setup . e — — — 0 0 0
 Property Sets UsD USD/Year o MW 9% of Actual ®.
1 Analysis _Main Flowsheet ©  DECANTED (MATERIAL) - Stream Results (Custom) Control Panel MS (MATERIAL) + .
 Flowsheet ¥
§ Streams
8 DECANTED
B inpat MXER
8 Results .
o {FEE - —fMsp—a
€0 Variables 12 =
[ Stream Results (Custom)
D
Bl input -
11 s
Properties
1 simation !
qus-myAndy-k [\—| Separators  Exchangers  Columns  Reactors  Pressure Changers  Menipulators  Solids  Solids Separstors  User Models
' Energy Analysis
¢ I |2 v - -
¥ ’ Matenal Mixer FSplit SSplit
Results Available | Check Status 4% @

® oH Ne T W= Serulation 17 - Aspen Plus VB - aspenONE — 8 %
B o coomc  Dmamc  GquonOrented  View  Customze  Resources Search aspenONE Exchange Bo w s
METCBAR m |4 T S Bvoddsummay [l & Heot Exchanger 19 Pressue Relief
Dacopy Fumses | e cecorce Steam Summary- 8} History S Sensitvey Wb Aseotrope Seach | {4 PR Rating
et t Control Reconcile
Panel 1) Unility Costs. L Report |27 Data Fit [ Distilation Synthesis ~ 4, Flare System
Units Run Summary Analyss Safety Analysis
Simulation < | Economics Energy EDR Exchanger Feasibility L
Al torns Capital Cost Utility Cost Available Energy Savings Unknown ~ OK  AtRisk
o i = wix o 0 0
S heioks USD USD/Year MW 9% of Actual 5
B0 ot s
@ Stream Results (Custom) FSPLIT (FSplit) ©  Man Flowsheet DECANTED (MATERIAL - Stream Results (Custom) Control Panel * | MS (MATERIAL) FEED (MATERIAL) * + s
oms @ Spexifications. [nahopmns Information
 Blocks
EgFspuT Flow split specifcation for outlet streams
I Stream Spedication Basis. Vakie Units Key Comp No Stream ceder
8] Block Options K v a2
28 £O Model
4 n Split fraction 03
(B Results
(@ Stream Result I
", Properties
1] Simutation
k—]whﬂiyﬁ u
& Energy Anatysis Miers/Splitters~ Separators  Exchangers  Columns  Reactors  Presswe Changers  Manpulators  Soids  Solids Separators  User Models
s00% O @

Reculc Avsiable | Check Sahs |

Fsplit-Feed -Benzene, water, toluene, mass fractions=0.3, 0.2, 0 5 respectively.

Total Mass floe rate=3000kg/hr, Temperature=25.58 degree celcius, pressure=1.58 atm

Total Mass flow rate= 3000kg/hr, Temperature=25.58 degree celcius, pressure=1.58 atm

® oo - Ne 7 s Simulation 17 - Aspen Plus V8. - aspenONE - a8 x
n Home  Economics  Dynamics  Equation Oriented  View  Customize  Resources | Modify | Format Search aspenONE Exchange Bo @ 5
~8Reconnect” n © Tomprature Y. /6losA
3%
23 rarocss e | OO | P ook |1 ) Show Al
3 Find Display
2 tnsent 1= Align Object | YShow Status™ |~ Vapor Fraction  Options « | &) Lock Flowsheet
Flowsheet Unit Opesations | Strearn Resuits Sectio Hiecarchy
< | Economics Energy EDR Exchanger Feasibility o
Capital Cast Utilty Cost Available Energy Savinge Unknown  OK  AtRisk
— — — — 0o o o
W DECAMTED USD USD/Year MW 9% of Actual 3
T
[ Resus Main Flowsheet * | DECANTED (MATERIAL - Stream Results (Custom) ~ ' Control Panel MS (MATERIAL) | FEED (MATERIAL) * * FSPLIT (FSpi) - Stream Results (Custom) ~ +
7 EO Variables L
[ Stream Resuits (Custom)!_|
g i o1]
MOER FSPUT T
8] input A
(@ Results e i} — (G
7 €O Variables \
[ Stream Resubts (Custom)
SeMs
Bl - &
b.! Safety Analysis =
&Y Energy Analysis x| Mixers/Spitters  Separators  Exchangess  Columns  Reactors  Pressure Chongers  Manipulators  Soids  Solids Separators  Uses Modlels
=1 4] [F] |
Resuits Avallable | Check Status ) ®



Stream Results

Stream Results

03 DECANTED EED
FSPLIT MIXER
IXER
Subsiream: MIXED
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Ssplit- Feed and conditions are same as FSplit
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Flash- Temp.=50.58 deg celcius, Pressure= 1.78 Bar
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3). Separators (Flash2, Flash3, Decanter, Sep) Method-NRTL

AIR-Temp=25.58 deg celcius, Pressure=2.04 atm , Flow rate=558 kg/h

MIXER AND FLASH (INPUT- Naphthalene, Toluene, Water with 0.18, 0.26, 0.56 mole fractions respectively and
Temp=25.58 degree celcius, pressure=2.08 atm, Total flow rate=1058 kg/h
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ubsiream: MIXED Phase:

omponent Mole Flow
APHT-01

OLUENE
ATER

IR

ole Flow
ass Flow
‘'olume Flow
‘emperature
ressure

apor Fraction
iquid Fraction
olid Fraction

olar Enthalpy
ass Enthalpy
nthalpy Flow

jolar Enfropy
ass Enfropy
olar Density
ass Density

verage Molecular Weight

tream Results

Units

KMOL/HR
KMOL/HR
KMOL/HR
KMOL/HR
KMOL/HR
KG/HR
L/MIN

c

BAR

ICAL/MOL
CAL/GM
ICAL/SEC

JMIXER

Mixed

[3.334248
4.816136
10.37322
19.27401
37.79761
1616
3817.622
17.17647
2.10756
0.5267614

0.4732386

D

16258.03
380.2689
170700

Liquid

3.32458
2.756811
B.162075
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50.58
1.803585
D
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D
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u
0
0
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123.5736

27063.91
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[Subsiream: MIXED Phase:
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TOLUENE
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JAIR

IMole Flow

IMass Flow

Volume Flow
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[Solid Fraction

[Molar Enthalpy
IMass Enthalpy
Enthalpy Flow
IMolar Enfropy
IMass Entropy

IMolar Density
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[Average Molecular
[Weight

From

To

Substream: MIXED
Phase:
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WATER
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APHT-01

tream Results
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[KMOL/HR
[KMOL/HR
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[KMOL/HR
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KG/HR
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C

BAR

ICAL/MOL
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ICAL/MOL-K
ICAL/GM-K
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IGM/CC
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8.769641
0.000855648
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0

-67787.18
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MS

IMIXER

F3
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10.37322
4.816136
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37.79761
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-29.26657
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0.00696496
42.75403

F3
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0.0583612
[3.987374
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794.824
14.33603
50.58
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0
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116.8504
[25798.75
-78.17417

0.7262264
0.0085842

0.9240402
107.6443

AIR KMOL/HR
Mole Flow O R
Mass Flow R

Volume Flow

Temperature

Pressure BAR
Vapor Fraction

Liquid Fraction

Solid Fraction

IMolar Enthalpy A O
IMass Enthalpy A
Enthalpy Flow A
IMolar Entropy A O
IMass Entropy -
IMolar Density O

Mass Density

IAverage Molecular Weight
/\ 1)

19.25816



DECANTER ( P- xylene and water-Temp=30.58 deg celcius, Pressure=1.58 atm,
Total flow rate=2058kg/h, and 0.5 mass fraction of both components)
Decanter- Temp=40.58 deg celcius,, Pressure=1.58 Bar
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Stream Results

Flow
P-XYL-01 KMOL/HR
ATER KMOL/HR

KMOL/HR

DI

iquid Fraction
Solid Fraction
olar Enthalpy CAL/MOL

ass Enthalpy CAL/GM
CAL/SEC
olar Entropy CAL/MOL-K

ass Entropy CAL/GM-K

ass Density GM/CC

nthalpy Flow

Average Molecular
Weight

B
DECANTER

Liquid

0.00228087
57.09191
57.09419
1028.769
17.51816
40.58

1.58

0

1

0
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-3772.802
-1078200
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0

1
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SEPARATOR — RK-ASPEN Method

(Input- benzene and water,
Temp=120.58 deg celcius,

Pressure=1.58 atm, Total flow rate=158
kmol/h with 0.6 and 0.4 mol fractions of
components respectively)

Output streams-15t stream=0.7 split
fraction of benzene(water free), 2"

stream=0.7 split fraction of
water(benzene free), 3" stream=0.3
split fraction for both water and
berizene
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4). Exchangers (Heater, HeatX)

HEATER

Feed-Water(Temp=300.58 deg celcius, Pressure=10.58 Bar, Flow rate=658 kg/h)
Benzene(Temp=30.58 deg celcius, Pressure=2.58 Bar, Flow rate=6058 kg/h
H1(Pressure=2.58 Bar, Heat duty=10.58 KW,

H2(Pressure=10.58 bar
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Stream results H1 Stream Results H2

s [ BENZENE [0 | A R I L
" H2

olar Enthalpy CAL/MOL -55476.47 -55725.54
ass Enthalpy CAL/GM -3079.412 -3093.238

olar Entropy CAL/MOL-K -59.81868 -59.43789

H1

5 H1

Substream: MIXED
Substream: MIXED Vapor Vapor

Liquid Liquid Phase:
Phase: :
omponent Mole Flow omponent Mole Flow

_KMOUHR 0 0 ATER KMOL/HR 36.52455 36.52455
pozene [E 77.55368 77.55348

B KMOL/HR 0 0
poeron [T 77.55368 77.55348

MKM OL/HR 36.52455 36.52455
c 30.58 34.08428 ML/MIN 2744.623 2605.568
: :
| |
; ; ! !
ooty Y neso.s 12007 4 r— 0 0
- 1522162 1537178 R 0 0

ass Entropy CAL/GM-K -0.7657905 -0.7609156
nthalpy Flow CAL/SEC -562850 -565380
MOL/CC 0.0110926 0.0110473 olar Entropy CAL/MOL-K -9.873431 -10.31892
78.11364

Average Molecular Weight olar Density MOL/CC 0.000221795 0.000233631

GM/CC 0.00399569 0.00420894
prits—__warer___ [N Average Molecular Weight 1801528 1801528
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Feed — Methanol and Water(Pressure=18,98 psi, Saturated Liquid, Total flow
rate=12058 Ib/h with 0.368 and 0.632 mass fractions respectively

DSTWU — Pressure=1.58 atm( Both reboiler and condenser), Reflux Ratio=1.3 Rmin,
Methanol recovery rate=0.981, 0.077 in light and heavy feed respectively
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Subsiream: MIXED Phase:

omponent Mole Flow
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Substream: MIXED Phase:

Component Mole Flow
METHANOL

WATER

Mole Flow
Mass Flow
Volume Flow
Temperature
Pressure

Vapor Fraction
Liquid Fraction
Solid Fraction

Molar Enthalpy
Mass Enthalpy
Enthalpy Flow
Molar Entropy
Mass Entropy
Molar Density
Mass Density

Average Molecular
Weight
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MOL/HR
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AR
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Stream Results

Substream: MIXED

omponent Mole Flow

MERANOL VIS
WAER [
foleFlow _ [VICITIG
fossflow [T
Voume Flow (I
emperature C
fresre G

iquid Fraction
Solid Fraction
olar Enthalpy CAL/MOL

ass Enthalpy CAL/GM

CAL/SEC
CAL/MOL-K

nthalpy Flow
olar Entropy
ass Entropy CAL/GM-K
olar Density MOL/CC
ass Density GM/CC

Average Molecular Weight

Liquid

1.416167
176.867
178.283
3231.682
59.75223
111.92
1.600935
0

1

0

-66563.97

-3672.151
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ASSIG N M E NT 2 (1) Design and sizing of a fresh drum (Person 1)

A stream with 1000kmol/hr of acetone (AC) and 1000kmol/hr of water (H20) is fed into a flash drum.
Vapor and liquid are separated at the drum.

Problem statement

Vapor
MW
42 AC (kmol/hr) 1000
58 H20 (kmol/hr) 1000 60 °C
0.5 atm
Liquid

Assume ideal behaviour of the streams:

Q1: At 0.5 atm, to preform vapour-liquid separation, what are the maximum and minimum
operating temperatures of the drum?

Q2: At 60°C and 0.5 atm,what are the vapour and liquid compositions and flow rates?

Hint Q1: Use Binary Analysis to find temperature range of 2 phase envelope

Solu’ri}yﬁ- a) Maximum temperature=57.5 degree celcius, Minimum temperature=102.5 degree celcius
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Subsiream: MIXED

Phase:

omponent Mole Flow

KMOL/HR

-HEX-01 KMOL/HR

KMOL/HR
KG/HR

e ]
i
e

olar Enfropy CAL/MOL-K
ass Enfropy CAL/GM-K

MOL/CC

Average Molecular Weight

Liquid

7.67152E-05
0.0182493
4.65206
76.92444
52.77738

57.58808

191.9603
13447.48

599.9331
151.5982
21.75848

0

1

0
-34508.2
-492.5982
-1840100
-108.916
-1.554756

0.00533283

0.3735827

70.05345

Mixed

124.7742
43.19107
119.9752
81.58312
52.78908

57.58809

479.9007
22104.36

6983.302
88.1
21.75848

0.7043279

0.2956721
0

-26849 .41
-582.9188
-3579200

-70.84468
-1.538086

0.00114535

0.0527552

46.06028

Vapor

124.7741
43.17282
115.3231
4.658679
0.0117031

4.25757E-
06

287.9404
8656.884

4507.856
23.35717
21.75848

1

0

0
-21561.8
-717.1767
-1724600
-46.54626
-1.548196

0.00106459

0.0320066

30.06484



Q2).

RadFrac demonstration

RadFrac Specifications
Mole fraction
C1: 026 Partial condenser
c2 009 Kettle reboiler
C3 025 15 stages
nc4 017 R=15
nC5:0 11 Distillate to feed ratio = 0.6
nC6:0.12 Column pressure = 315
psia
Feed stage =8

Flow= 1000 Ibmol/hr

T=190F Use the RKS-BM Property
P=315 psia method

Aspen Workshop 2008

Here C1, C2........ nC6 represents hydrocarbons. Partial condenser means that distillate is coming out
as vapor only.

Solution-
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Stream results
[ BreamResais

Units BOTM FEED OVHD
Bl Bl
() Bl
Substream: MIXED
Phase: Liquid Mixed Vapor
omponent Mole Flow
_KMOL/HR 7.67009E-05 124.7742 124.7741
_KMOL/HR 0.0182474 43.19107 43.17282
KMOL/HR 4.651484 119.9752 115.3237
_KMOL/HR 76.92502 81.58312 4.658109
_KMOL/HR 52.77738 52.78908 0.0116956
_KMOL/HR 57.58808 57.58809 4.25115E-
06
_KMOL/HR 191.9603 479.9007 287.9404
_KG/HR 13447.49 22104.36 8656.875
_L/MIN 599.9341 6983.302 4507.852
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_ 21.75848 21.75848 21.75848
CAL/MOL -34508.2 -26849 .41 -21561.79
CAL/GM -492.5979 -582.9188 -717.1771
CAL/SEC -1840100 -3579200 -1724600
CAL/M OL-K -108.9161 -70.84468 -46.54624
CAL/GM-K -1.554756 -1.538086 -1.548196
MOL/CC 0.00533282 0.00114535 0.00106459
GM/CC 0.3735823 0.0527552 0.0320066
70.05349 46.06028 30.06481




Question 3

o H

Solution

(25 pts) Aspen PLUS problem--REquil Reactor: Consider the reaction to produce two

ethylbenzene molecules from one molecule each of diethylbenzene and benzene. The reaction
equation is as follows:

CioHie + GCHg > 2CgHwo
Diethylbenzene (DIEB) + Benzene - 2 Ethylbenzene

The objective for this problem is to simulate this reaction using an REquil reactor in Aspen PLUS. The
feed to the system is at 50 °C and 5 bar, and consists of a total flow of 630 kg moles/hr of an
equimolar mix of the two reactants.

e Use method as Peng-Rob
e QOperating temperature and pressure of reactor are 200 °C and 5 bar
e Take approach temperature as 400 °C

Also find conversion of benzene, vapor fraction and net heat duty in Mcal/hr.
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Net heat duty=4830.91 Mcal/hr

Vapour fraction=0

REACTOR REACTOR

REACTOR
Liquid Liquid Missing
omponent Mole Flow
KMOL/HR 344 112.3756 0
KMOL/HR 344 112.3756 0
THYL-01 KMOL/HR 0 463.2489 0
KMOL/HR 688 688 0
KG/HR 73043.17 73043.17 0
L/MIN 1454.104 1766.143 0
emperature [C 50.58 200.58
BAR 5.58 5.58 5.58
apor Fraction 0 0
iquid Fraction 1 1
Solid Fraction 0 0
olar Enthalpy CAL/MOL -372.096 6649.575
ass Enthalpy CAL/GM -3.504805 62.63293
nthalpy Flow CAL/SEC -71111.68 1270810
olar Enfropy CAL/MOL-K -101.6332 -80.73425
ass Enfropy CAL/GM-K -0.9572916 -0.760443
olar Density MoOL/CC 0.00788573 0.00649249
ass Density GM/CC 0.8372073 0.6892907
106.1674 106.1674

Average Molecular Weight
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