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Solve this!
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Process flow diagram of a semi-regenerative catalytic reforming unit in an oil refinerv
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Why Process Modeling/Simulation?

= Makes us easier/faster work
= Multiple and Simultaneous Simulations

= Different Real-Life Scenarios
= Change on raw/feed materials scenario

= Pricing and Costs calculation
= Raw Materials

= Plant Cost
= Utilities
= How it would behave under different conditions
= High /Low Pressure
= Humidity Changes
= Temperature change (cool/warm days/seasons)

www.ChemicalEngineeringGuy.com




Which companies model?

= Mainly:
= Petrochemical
= Pharmaceutical
= Fine chemicals

= Other commodities such as:
= Sulfuric acids

Chlorine /Caustic industry

= Solvents
= Coatings o . I |
p— n Many more... ‘!“:h?ﬁmmn‘pn"‘l’,ﬂl : »
]
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Other Advantages...

= Excelent for your curriculum as an engineer
= Perfect for analytical/numerical minds

= Good for debuging and fixing “what if” scenarios

www.ChemicalEngineeringGuy.com
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CONTENT INDEX

1. Introduction

Our Chemical Process!

Setting up the Physical Property Environment
Simulation Environment [ — The Flowsheet
Simulation Environment II — Unit Operations
Running, Results & Analysis

Case Studies (A,B,C,D)

Conclusion

» N o a0 &> b
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Course Objectives

= Introductory Knowledge of Processes Modeling
= Setting the adequate Physical Properties

General Flowsheet Concepts

Basic Flowsheet “manipulation”

Common Unit Operations

Minimum Requirements to set up & run a Simulation

Analyze several changes in process conditions

Create an interest in Process Modeling

www.ChemicalEngineeringGuy.com




Contact

= Please contact me if required (doubts, questions, comments, suggestions)

» Contact@ChemicalEngineeringGuy.com

= More courses...

CHEMICAL ENGINEERING GUY

Chemical

@ 2 ° °
B www.ChemicalEngineeringGuy.com



mailto:Contact@ChemicalEngineeringGuy.com
https://courses.chemicalengineeringguy.com/
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2. Our Chemical Process!
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. Our Chemical Process!

F = 1200 kmol/h Rsteic
T =50°C Q=0
P = 10 bar COMBCHAM P =10bar
x=(0.21 02, 0,79 N2) & dP = 0 bar
State wariabies > @
Tempaorature 15
Pridiuit ]
wapor fraction COMP
Tatal floe baes Mok
L LI B 1m0 LpG l'l_‘:}
Isentropic
Eff. % =
. B885.0%
Component
0.19
0.2
0.12 DIST2
P = 2 bhar
0.11
0.075 RadFrac (Eq)
015 Stages = 15,Feed =8
0.155 Partial-Vap
geﬂu_.x ol Stages = 20, Feed = 10
op =1, ar Total Cond Pincrease = 0.5 bar
D:F ratio=0.60 Eff% = 66.7%
Reflux = 4 molar
Chemical Pcond =1.90 bar
- Pboil = 2.10 bar
L 2 )
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Conditions

= Unit Operations
= Heat Exchange
= Heat Exchanger
= Reaction Kinetics
= Combustion Chamber / Reactor
= Momentum
= Pump
= Compressor
= Separation Process
= Flash Drum
= Distillation Columns
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Problem Siatement

= A hydrocarbon feed rich in aromatics is to be separated via a series of
separation processes.

= It is sent from a previous plant at ambient temperature (15°C) and
pressurized to 10 bar.

= A total of 100 kmol/h must be treated

= Most of the hydrocarbons msut be recovered and the leftovers will be burnt in
a combustion chamber.

= The combustion chamber will burn all hydrocarbons to form carbon dioxide.
Assume 100% combustion. The air for combustion was previously adjusted to
S50°C, 10bar. There is no pression loss in the combustion chamber.

= The liquified section must be de-pressurized in order to continue treatment. It
drops to 2 bar via a valve.

www.ChemicalEngineeringGuy.com @
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Problem Siatement

= This stream is then fed to a Distillation Column.
= It currently has a total of 15 trays.

Feed tray must be between 7 and 8.

Recommended operation is partial vapor in order to avoid an extra stage. Reflux

Ratio is set to 5 (molar) and the approx.

Pressure drop is unknown, but can be assumed to be low or negligible.
= At least 20% of the feed must be recovered for further treatment

= The Distillate is to be treated in a following process. It must be compressed to
S bar. We use a compressor with approx. 88% efficiency. It can be modeled as
an isentropic compression.

www.ChemicalEngineeringGuy.com @




Problem Siatement

= The bottoms of this column are not pure enough. Further distillation is
required.

= The following column requires a total of:
= 20 trays feeding in 50% approx.
It uses a total condenser since the distillate is required as a liquid
Recommended Distillate recovery is 60%
Reflux is set to 4 molar

The pressure drop is unkown, but current process has:
= Condenser working ate 1.90 bar
= Reboiler working at 2.10 bar

= The distillate can be sent for storage

' = The bottom must be further pressurized +0.5 bar in order to allow for
f"i'v pressure drop due to frictions. Efficiency of pump is 66.7%

]
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Problem Siatement

= Requirements:
= Model the plant using Aspen Plus in Steady State
= Verify Material/Energy Balances of the unit operations & processes
= Verify purity and composition of streams
= Verify conditions such as T, P and Flow rates.

= For specific unit operations, verify their relevant results
- Heater - Heat duty
= Combustion Chamber - T-max, Heat released by reaction
= Compressor/Pump =2 Required Work
= For the Columns = Reboiler & Condenser Duties
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Conditions

= Unit Operations
= Heat Exchange
= Heat Exchanger
= Reaction Kinetics
= Combustion Chamber / Reactor
= Momentum
= Pump
= Compressor
= Separation Process
= Flash Drum
= Distillation Columns

Chemical

. u

@ 2 ° °
B www.ChemicalEngineeringGuy.com




- = _ g!/

i
.
a8
2
FA

Chemical

. u

@ 2 ° °
B www.ChemicalEngineeringGuy.com

®




Exampies

= Flash Tank:

= COMBCHAM
e X%

3 (]
Chemical
L 2 J

@

Engineering Guy

www.ChemicalEngineeringGuy.com

1.
- i
-
it |
(]
L}
y

=
3




Exampies

= Combustion Chamber / Reactor
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Exampies

= Distillation Columns
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Exampies

= Compressor & Pump

B www.ChemicalEngineeringGuy.com @
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Resources

= PDF of Process diagram
= Spreadsheet with Unit Operations & Process conditions

= Spreadsheet with Component list & database

www.ChemicalEngineeringGuy.com
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3. Physical Property Environment

i 5 <No Document> - Aspen Plus V10 - aspenGNE — & x
B Resources (M) Search aspanONE Exchange He w
e o Jap©® f o € .
. @ U B a2 9° @ W & 90
What's Bxamples  Trainin, odels Events Announcements  All | Communi ity upport Checkfor Live Sendto Help
What's Bxamples Tisining Models E A Ml |G ity | S Checkfor Live Sendto Hel
New Content Center Updates Chat Suppert
aspenONE Exchange
Start Using Aspen Plus x
Open Recent Models
. imulation 4 (case study 4a).apwz
I New 4 Simulation 4 (case study 4a)
A 182019
pr—
A{.) Absorber_Amine method.apuz
k J actubre 30 2018
.
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3. Physical Property Environment

= Min. Requirements:
= Adding Components to the Component List

= Selecting a Physical Property Method (Thermodynamic pack)

= If you want to further explore this environment -
= Aspen Plus - Physical Properties

= Different Types of Components
Methods (EOS, Activity, Mixed)
Modeling new/inexistent components

Physical & Chemical Property Analysis

Thermodynamic & Transport Properties

www.ChemicalEngineeringGuy.com




Adding Components

= Add the following compounds to the “Component List”
= Methane

Components - Specifications +
. Ethane | | & Selection |Petmleum | Nenconwventional | Enterprise Database | Comments
™ Propane Select components
‘ Component ID Type Component name Alias
- N_Butane METHANE Conventional METHANE CH4
‘ 2 Comventional ETHAME C2HG6
= CyCIOhexane | PROPA-01 Conventional PROPANE C3H8
B N-BUTANE Conventional N-BUTANE C4H10-1
u
enzene CYCLOHEX Cenventional CYCLOHEXANE C6H12-1
. T 1 BENZEMNE Conventional BENZEMNE C6HG
O uene TOLUENE Cenventional TOLUENE C7THa
- O 02 Conventional OXYGEN 02
Xygen N2 Conventional NITROGEN N2
= Nitrogen
Find Elec Wizard SFE Assistant User Defined Recrder Review
Chemical
e
{
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Choosing the Property Method

= Select Peng Robinson, as it is mostly non-polar system
= Most models will be “set-up”
= Pure substances Properties will be loaded
= Binary Interactions are calculated

= Tip: Use the Method Assistant

www.ChemicalEngineeringGuy.com




Choosing the Property Method

Home View Customize Resources
METCBAR ~ :( Setup Na Chemistry ( ./...,J¢ ; Methods Assistant M’Dg, NIST ._) Analysis N_J’ l‘ [
¥ Unit Sets % Components & Customize e 4 Clean Parameters (&) DECHEMA & Estimation il
2 Draw = Next FRun Reset Control
& Methods s Prop Sets Structure 3 Retrieve Parameters &) Regression Panel £l
Clipboard Units Navigate Tools Data Source Run Mode Run S
Properties < Methods - Specifications +
All ltems 2 I w Global I Flowsheet Sections I Referenced | Comments
o i Property methods & opt
operty methods & options
“® Components roperty . pt Method name
4 |1y Methods Method filtee — = v | Methods Assistant...
'« ] Specifications Base method - UNIF-HO -
_ Selected Methods Henry components X UNI
[ Parameters ; UNIF-LL
Petroleum calculation options 5
- Routes e = UNIFAC A
[@] NC Props Free-water method STEAM-TA - UNIO-2 ¥
s UNI-<
1 Tabpoly Water solubility 3 - UNIQ-HOC
(3 Chemistry . ) UNIQ-NTH s
[ Property Sets Electrolyte calculation options UNIO-RK
21 Data Chemistry ID T | unrQuac
[ Estimation 4| Use true components VANL-2
| Analysis VANL-HOC
[.@ Customize VANL-NT] $ Van Laar/Nothnagel equation of state with
[ Results VANL-RK Henry's law,
VANLAAR ‘g‘
VTPR £
WILS-2
WILS-GLR 2
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e
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Method Assistant...

Home View Customize Resources

METCBAR ~ [ Setup Na Chemistry ; & Methods Assistant  JOE NIST £}, Analysis N—J’ I‘ ==
29 Unit Sets % Components & Customize i 4 Clean Parameters {#) DECHEMA @} Estimation ' e
= o Draw s Next un Reset Control A 0 X
<& Methods i Prop Sets Structure ¥y Retrieve Parameters &) Regression Panel i
Clipboard Units Navigate Tools Data Source Run Mode Run | -§
Properties < Methods - Specifications = + -
= Search Help A
All ltems 4 I w Global IFIowsheﬂ Sections I Referenced I Comments
& Setup 8 = A RANSLATE
e = x
3 Components Property methods & options Mithod rame
N hod fil - TR AT . F
4 GyMethods AR = Methods Asistat.. Property Method Selection Assistant
'+ ] Specifications Base method T | uniF-HOC
A Selected Methods Henry components % UNIF-LBY
Nelcome to the Property Mett
[ Parameters v UNIF-LL Welcome to the Property Meth
3 Routes Petroleum calculation options .C
. 2 e UNIFA A
(@] NC Props Free-water method STEAM-TA = UNIO-2 - The purpose of the assis t the most appropriate property methods for use with Aspen Plus and Aspen Properties
[ Tabpoly Water solubility 3 - UNIQ-HOC
(3 Chemustry UNIQ-NTH v hich it uses iggest one or more property mett 0 use
Electrolyte calculation options
(3 Property Sets : s : RS ORI UNIQ-RK
- Data hegusry) = UNIQUAC
[ Estimation /| Use true components VANL-2
[ Analysis VANL-HOC
L@ Customize VANL-NTIS, ‘ Van Laar/Nothnagel equation of state with
[ Results VANL-RK Henry's law. ¢
VANLAAR j
VTPR
WiLS-2
WILS-GLR v
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Simulation Environment |:
The Flowsheet

= Get to know what is a flowsheet and how to manipulate it.

= Menus, Tool, Areas, etc...

= Important:
= General Setup
= Blocks: Unit Operations, Others
= Streams (Material, Heat, Work)

= Analysis tools

www.ChemicalEngineeringGuy.com
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Simulation Environment |:
The Flowsheet

= Manipulation of the Flowsheet:

= Adding Unit Operations

= Adding Material and Energy streams
= Moving
- Labeling  Color and Style
Outline Color
n 1 BOO0OeOEE
Rotating N N
= Deleting Weight  Style _
i = =
= Copy and Pasting =
— i ==
] 22 =]
Preview
[ (5] :
[7] Use default color and style
OK[X‘ ] ‘ Cancel

www.ChemicalEngineeringGuy.com
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5. Simulation Environment |l:
Unit Operations

= Typical Unit Operations
= Adding UO

= Setting up

= Connecting streams

= Inlet/outlet

www.ChemicalEngineeringGuy.com
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Problem Siatement

= A hydrocarbon feed rich in aromatics is to be separated via a series of
separation processes.

= It is sent from a previous plant at ambient temperature (15°C) and
pressurized to 10 bar.

= A total of 100 kmol/h must be treated

= Most of the hydrocarbons msut be recovered and the leftovers will be burnt in
a combustion chamber.

= The combustion chamber will burn all hydrocarbons to form carbon dioxide.
Assume 100% combustion. The air for combustion was previously adjusted to
S50°C, 10bar. There is no pression loss in the combustion chamber.

= The liquified section must be de-pressurized in order to continue treatment. It
drops to 2 bar via a valve.

www.ChemicalEngineeringGuy.com @
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Problem Siatement

= This stream is then fed to a Distillation Column.
= It currently has a total of 15 trays.

Feed tray must be between 7 and 8.

Recommended operation is partial vapor in order to avoid an extra stage. Reflux

Ratio is set to 5 (molar) and the approx.

Pressure drop is unknown, but can be assumed to be low or negligible.
= At least 20% of the feed must be recovered for further treatment

= The Distillate is to be treated in a following process. It must be compressed to
S bar. We use a compressor with approx. 88% efficiency. It can be modeled as
an isentropic compression.

www.ChemicalEngineeringGuy.com @




Problem Siatement

= The bottoms of this column are not pure enough. Further distillation is
required.

= The following column requires a total of:
= 20 trays feeding in 50% approx.
It uses a total condenser since the distillate is required as a liquid
Recommended Distillate recovery is 60%
Reflux is set to 4 molar

The pressure drop is unkown, but current process has:
= Condenser working ate 1.90 bar
= Reboiler working at 2.10 bar

= The distillate can be sent for storage

' = The bottom must be further pressurized +0.5 bar in order to allow for
f"i'v pressure drop due to frictions. Efficiency of pump is 66.7%

]
@ . . . |
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Problem Siatement

= Requirements:
= Model the plant using Aspen Plus in Steady State
= Verify Material/Energy Balances of the unit operations & processes
= Verify purity and composition of streams
= Verify conditions such as T, P and Flow rates.

= For specific unit operations, verify their relevant results
- Heater - Heat duty
= Combustion Chamber - T-max, Heat released by reaction
= Compressor/Pump =2 Required Work
= For the Columns = Reboiler & Condenser Duties

Chemical
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Conditions

= Unit Operations
= Heat Exchange
= Heat Exchanger
= Reaction Kinetics
= Combustion Chamber / Reactor
= Momentum
= Pump
= Compressor
= Separation Process
= Flash Drum
= Distillation Columns

www.ChemicalEngineeringGuy.com
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Lets try to build this:

F = 1200 kmol/h Rstoie
T =50°C Q=0
P=10bar COMBCHAM P = 10 bar
x=(02102,079N2) | dP = 0 bar
State wariabies Lﬁl } @
Tempersture 15 C v
Piidiuit 10 bar L
wapor fraction COMP
Tatal flowr baws [
Tetal flow rote 100 kmalihe - W \:}
FLASH
Isentropic
Q=0 Eff. % =
- T = 40°C 88.0%
Component P=10bar Pfinal = Sbar
| noiih dP = 0 bar
| 0.12
| F =2 bar
| 011
| 0.075 RadFrac (Eq) N
0.15 Stages = 15,Feed =8 {r2] e
0.155 Partial-Vap
gemf ey e Stages = 20, Feed = 10
e i Total Cond Pincrease = 0.5 bar
DF ratio= 0.60 Eff% = 86.7%
Reflux = 4 molar
Chemical Peond =1.90 bar
- Fboil = 2.10 bar
L 2 J
b @ G www.ChemicalEngineeringGuy.com "
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Streams

- Feed

= F =100 kmol/h

= T=15°C

= P=10 bar

= Comp:
= Toluene 0.190
= Benzene 0.200
= Cyclohex 0.120
= Butane 0.110
= Propane 0.075
= Methane 0.150
= Ethane 0.155

www.ChemicalEngineeringGuy.com

= Air

= F=1200 kmol/h
=T =50°C
= P =10 bar
Comp:

= 0.79 N2

= 0.21 O2

Main Flowsheet Analysis Blocks AIR (MATERIAL) +

I @ Mixed | | N Flash Options | EO Options | Costing i(ommenls

~ | Specifications

Flash Type Temperature ~ Pressure ~ - Composition
Mole-Flow
State bl
Temperat 50 C C
Pressure 10 ba
por fract
Total flow basis Mole
Total flow rate 1200 kmol/hr

Reference Temperature

Volume flow reference temperature

0.21

Component concentration reference temperature R P

®
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Blocks - Heat Exchanger

= Heater
= T =40°C
= dP = 0 bar
= P=10 bar

www.ChemicalEngineeringGuy.com

Main Flovt\hect Analysis Blocks AIR (MATERIAL)
=
| @ Sperifications |Flash Options | Utility | Comments

Flash specfications

Flash Type Temperature
Pressure
Temperature 40 C
heati
I
Pressure 10 bar

orrelstic | parar 1eter
Always calculate pressure drop correlation parameter

Valid phases

suid -
Liquig

HEATER (Heater)

+

Q




Blocks — Flash Drum —

HEATER L -~ DRUM

= Flash?2 oo—{reeo] 0 [Woreeo | s .

u Q = O - "u
—_ (o]
= T =40°C
[ua O
= P=10 bar —
= dP = O bar
Main Flowsheet Analysis Blocks AIR (MATERIAL) HEATER (Heater) Control
& Specifications | Flash Options IEntramment iPSD |Utlhty |Comments |
Flash specifications
Flash Type Duty * Pressure v
Pressure 10 bar v
Duty 0 cal/sec v
Valid phases
Chemical OpOr-Lagine o
L 2 J
L] L] L] ’
: @ " www.ChemicalEngineeringGuy.com
ngineering Guy
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Blocks - Valve

= Valve

« P=2 bar [ cotreed |

VALVE

www.ChemicalEngineeringGuy.com

Main Flowsheet Analysis Blocks AIR (MATERIAL) HEATER (Heater) Control Panel

& Operation alve Parameter alculat t Pipe Fitting Comments

Calculation type
© Adiabatic flash for specified outlet pressure (pressure changer)
Calculate valve flow coefficient for specified outlet pressure (design)

Calculate outlet pressure for specified valve (rating)

Pressure specification Valve operating specification

@ Outlet pressure 2 bar - ening

Pressure drop L

Flash options

Valid phases Vapor-Liguid *  Maximum iterations 3

Error tolerance 0.0001

orf

=g
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Blocks — Distillation Column 1

= RadFrac
= Stages = 15
- Feed =8
= Cond = Partial
= D-Rate = 20 kmol/h
= Reflux = 5 molar
= P-reboiler = 1.95 bar

www.ChemicalEngineeringGuy.com
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Blocks — Distillation Column 1

Main Flowsheet Analysis Blocks AIR (MATERIAL) HEATER (Heater) Control Panel DRUM (Flash2)
" RadFraC @ Configuration | g Streams | wPressure | @ Condenser | @ Reboiler ! -Phase | Comments

= Stages = ].5 Setup options

Calculation type Equilibrium g
= Feed - 8 Number of stages '53

— : Condense Partial- Vapor -

= Cond = Partial ' -~

Reboiler Kettle -
] D—Rate = 20 kmol/h Vahd phases Vapor-Liquid -

Convergence Stondard g
= Reflux = 5 molar

Operating specifications
= P-reboiler = 1.95 bar Distillate rate * Mole - 20 kmol/hr -

Reflux ratio * Mole v 5
Free water reflux ratio
_ Design and specify column internals
Chemical
L 2 J
: @ : www.ChemicalEngineeringGuy.com @
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Blocks — Distillation Column 1

= RadFrac

= Stages = 15

- Feed =8
Cond = Partial

= D-Rate = 20 kmol/h
= Reflux = 5 molar
= P-reboiler = 1.95 bar

www.ChemicalEngineeringGuy.com

Main Flowsheet Analysis Blocks AIR (MATERIAL) HEATER (Heater) Control Panel DRUM (Flash2) VALVE (Valve)

@ Configuration | @Streams | @ Pressure | @& Condenser IOReboiIer }E—F’ha:r: | Comments

Feed streams

Name Stage Convention
> FEEL 8 Above-Stage _El
Above-Stage ¢ Introduce feed between stages, above
On-Stage L:r designated stage.
Vapor
| Liquid
Product streams .
Name Stage Phase Basis Flow Units Flow Ratio Feed Specs
1 Vapor
15 Liquid
Pseudo streams
Name Pseudo Stream Stage Internal Phase Reboiler Phase Reboiler Pumparound Pumparound Flow
Type Conditions ID Conditions

DISTIL1 (RadFrac)

Units

Q




Blocks — Distillation Column 1

Main Flowsheet Analysis Blocks AIR (MATERIAL) HEATER (H¢]

= RadFrac

& Configuration | @ Streams | @Pressure | & Condenser . I & Reboiler

= Stages = 15
View Top / Bottom -

= Feed =8

Top stage / Condenser pressure
= Cond = Partlal Stage 1/ Condenser pressure 1.95 bar =
= D-Rate = 20 kmOI/h Stage 2 pressure (optional)

@ Stage 2 pressure bar v
= Reflux = 5 molar

Condenser pressure drop

P-reboiler = 1.95 bar

Pressure drop for rest of column (optional)

@ Stage pressure drop bar v

Column pressure drop

Chemical
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Blocks — Distillation Column 1

= RadFrac

= Stages = 15
Feed =8
Cond = Partial
D-Rate = 20 kmol/h
Reflux = 5 molar
P-reboiler = 1.95 bar

www.ChemicalEngineeringGuy.com

Main Flowsheet Analysis Blocks AIR (MATERIAL) LieA LR (Heater) Control Panel

& Configuration I@Streams I@Pressure. & Condenser I@R[g,one. ‘}F‘haii | Comments

- Condenser specification

emperature

stillate vapor fraction Mole 1

Subcooling specification
Subcooled temperature v C v
9 Both reflux and liquid distillate are subcooled

Only reflux is subcooled

Utility specification
Utility -

®
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Blocks — Distillation Column 1

= RadFrac

= Stages = 15
Feed =8
Cond = Partial
D-Rate = 20 kmol/h
Reflux = 5 molar
P-reboiler = 1.95 bar

www.ChemicalEngineeringGuy.com

Main Flowsheet Analysis

-
& Configuration [Q’)Streams @ Pressure | & Condenser | @Reboiler [ -Phase | Comments

Thermosiphon reboiler options

er flo

rate

utiet con

Flow rate

Optional

Utility

Reboiler configurations

1d outlet ¢

Blocks AIR (MATERIAL) HEATER (Heater) Control Panel D

Reboiler Wizard |

Outlet condition

®




Blocks — Distillation Column 2

DISTIL2

= Distil

= Stages = 20
Feed =10
Cond = Total
D:F Ratio = 0.60
Reflux = 4 molar
P-cond = 1.90 bar
P-reboiler = 2.10 bar M Flowsheet » | Ansyss © | Blocks | AR (MATERIAL) = | HEATER (Heaten » | Cont

@ Specifications ’Convergence IComments

| PROD-C6 [

Column specifications

Number of stages
Feed stage 103
Reflux ratio 4
Distillate to feed mole ratio 0.6
Condenser type Total -

Chemical
Pressure specifications

- Condenser pressure 1.9 bar -

L 2 ) Reboiler pressure 2.1 bar ..

@ 2 ° °
Engnerng Gy www.ChemicalEngineeringGuy.com
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Blocks — Compressor

Main Flowsheet Analysis Blocks AIR (MATERIAL) HEATER (Heater) Control Panell
I w Specifications I Calculation Options | Power Loss | Convergence | Integration Paramete Ut
= Compr

. Model and type
= Type = Isentropic Model  ® Compressor Turbine

n Eff = 889, Type Isentropic
] P_flnal = 5 bar Outlet specification

Discharge pressure
Pressure increase
Pressure ratio

Power required

Use performance curves to determine discharge conditions

Coup

Efficiencies

Isentropic 0.88 olytropic

]
i

Mechanical

Chemical

. u

@
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Blocks - Pump

- Pump . - PUNP
= Type = Isentropic
= Eff = 66.7%

= P-increse = 0.5 bar

PUMP (Pump) Main Flowsheet HEATER (Heater) - Results Results Summary - Stre]

& Specifications CélcuiatnoﬁOp{nons ‘;I'a'sﬁwcr)prtrions IUtilrty |éomment§ f

Model
@ Pump Turbine

Pump outlet specification

Discharge pressure bar

© Pressure increase 0.5 bar v
Pressure ratio
Power required kW

Use performance curve to determine discharge conditions ‘ e

i Efficiencies
ﬂ Pump 0.667 Driver
e
Em"ﬁg - www.ChemicalEngineeringGuy.com / ‘
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Blocks - Combustion Chamber

= RSTOIC

-Q=0

Main Flowsheet A

naiysis Blocks AIR (MATERIAL) HEATER (Heater) Control

| @specifications |]§k§:&f] Combustion | Heat of Reaction | Selectivity | PSD | Com

Operating conditions

. . Flash Type Pressure ~ Duty =

= Type = Stoichiometry

Pressure 0 t;ar v

Duty 0 cal/sec v
= P=10 bar
= dP = O bar Valid phases

Vapor-Liquid -

COMBCHAM

HEATER

o

T FeeD

cowp

{STACK |

Ji

u

www.ChemicalEngineeringGuy.com
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Blocks - Combustion Chamber

= RXN

= CH4 + 202 = CO2 + 2H20

C2H6 + 702

: 4C0O2 + 6H20
= C3H8 + 502 = 3C0O2 + 4H20
= 2C4H10 + 1302 = 8CO2 + 10H20
= CoH12 + 602 = 3C0O2 + 6H20
= 2C6H6 + 1502 = 12C0O2 + 6H20
= C7H8 + 902 = 7CO2 + 4H20

Chemical

. N

ww

Em"ﬁg iy www.ChemicalEngineeringGuy.com

COMBCHAM (RStoic) PUMP (Pump) - Setup VAP (MATERIAL) - Results (Default) Main Flowsheet Analysis Blocks AIR (MATERIAL) HEATER (Heater) Control Panel
@ Specifications | @Reactions | @ Combustion | Heat of Reaction | Selectivity | PSD | Component Attr. | Utility I Comments ‘
Reactions
Rxn No. Specification type Molar extent Units Fractional conversion  Fractional Conversion of Stoichiometry
Component
> 1 Frac. conversion kmol/hr 1 METHANE METHANE + 202 --> CO2(MIXED) + 2 H2O(MIXED)
2 Frac. conversion kmol/hr 1Q 2C2 +702 --> 4 CO2(MIXED) + 6§ H2O(MIXED)
3 Frac. conversion kmel/hr 1 PROPA-01 PROPA-01 +502 --> 3 CO2(MIXED) + 4 H2O(MIXED)
4 Frac. conversion kmol/hr 1 N-BUTANE 2N-BUTANE + 1302 --> 8 CO2(MIXED) + 10 H2O(MIXED)
5 Frac. conversion kmol/hr 1 CYCLOHEX CYCLOHEX + 902 --> 6 CO2(MIXED) + 6 H2O(MIXED)
6 Frac. conversion kmol/hr 1 BENZENE 2 BENZENE + 1502 --> 12 CO2(MIXED) + 6 H20(MIXED)
7 Frac. conversion kmol/hr 1 TOLUENE TOLUENE + 902 --> 7CO2(MIXED) + 4 H2O(MIXED)
New Edit Delete ‘ [ Copy ‘

Reactions occur in series

DH
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Save Filel
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Running, Resulis & Analysis

= Running the simulation
= Errors & Debugging

= Getting Results
= Stream Results

= Block Results

= Analysis
= What if Scenarios

www.ChemicalEngineeringGuy.com
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Running the Simulation

= Error Messages

Results Summary - Run Status PUMP (Pump) - Setup VAP (MATERIAL) - Results (Default) Main Flowsheet Analysis Blocks AR (MATERIAL) HEATER (Heater) Control Panel DRUM (Flash2) VALVE (Valve) DISTIL1 (RadFrac) DISTILZ (Distl) +

‘ Summary | @ Status

Convergence status
Property status

Aspen Plus messages:
The following messages were issued during Input Translation: -

*  WARNING IN THE 'STREAM' PARAGRAPH WHICH BEGINS ON LINE 156
STREAM NAME: AIR
COMPONENT JLE FLOWS OF SUBSTREAM
ARE MORMALIZED TO THE TOTAL MOLE F

MIXED'
W VALUE

* WARNING IN THE 'STREAM' PARAGRAPH WHICH BEGINS ON LINE 168
STREAM NA! FEED
COMPONENT ILE FLOWS OF SUBSTREAM: 'MIXED'
ARE MORMALIZED TO THE TOTAL MOLE FLOW VALUE

www.ChemicalEngineeringGuy.com
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Stream Results

Results S y-S (AID) DISTIL1 (RadFrac) - Results PROD-C6 (MATERIAL) - Results (Default) Results Summary - Run Status PUMP (Pump) - Setup VAP (MATERIAL) - Results (Default) Main Flowsheet Analysis Blocks AIR (M2 L) TER (Heater) +
Material | Heat | Load | Work | Vol.% Curves | Wt % Curves | Petroleum | Polymers | Solids Sum: 10153.5
T ! -~
el BOTTOMS1 ~ BOTTOMS2 ~ COLFEED ~ DISTIL ~ FEED ~ uQ > LPG ~ PROD-C& ~ PROD-C7 ~ STACK ~ VAP ~  W-FEED -
Molar Density mol/cc 0.00887379 0.00816443 0.000651575 8.159%4e-05 0.0015948 0.0101947 0.000193645 0.00934497 0.00816398 9.22889e-05 0.000408329 0.00122445
Mass Density gm/cc 0753306 0.74826 00483167 0.00388533 0.0956828 0755973 0.00922034 0751204 0.748219 0.00263436 0.0113674 0.0734636
Enthalpy Flow cal/sec 4918.25 37762.7 -188442 -135027 -378537 -188442 -131514 -30424 377747 -113042 -166711 -355152
Average MW 84.8911 91,6487 741537 47.6147 59.9968 741537 47,6147 80.3859 91.6487 28,5447 27.8388 59.9968
+ Mole Flows kmol/hr 49.4333 19.7733 69.4333 20 100 69.4333 20 29.66 19.7733 1242.66 30.5667 100
= Mole Fractions
METHANE 7.64126e-22 0 0.0142686 0.0495358 0.15 0.0142686 0.0495358 0 0 0 0458318 0.15
Q2 6.7945%-16 0 0.0662011 0.229828 0.155 0.0662011 0.229828 0 0 0 0.35671 0.155
PROPA-01 2.01073e-12 0 0.062759 0.217878 0.075 0.062759 0217278 335121e-12 0 0 0.102806 0.075
N-BUTANE 1.24588e-08 0 0130493 0453029 0 0.130493 Oﬁ}SSOZ ) 2.07647e-08 0 0 0063449 0.11 2
CYCLOHEX 0233528 0.0234228 0.170325 0.0141078 0.12 0.170325 0.0141578 0373598 0.0234228 0 0.00568554 0.12
BENZENE 0383983 0.0217369 0.283637 0.0356162 02 0283637 0.0356162 0625481 0.0217369 0 0.0100147 02
TOLUENE 0382489 095434 0272316 545676e-06 0.19 0272316 5.45676e-06 0.000921004 095484 0 0.00301676 0.9
02 0 0 0 0 0 0 0 0 0 0.122971 0 0
N2 0 0 0 0 0 0 0 0 0 0.762878 0 0
coz 0 0 0 0 0 0 0 0 0 0.0454879 0 0
H20 0 0 0 0 0 0 0 0 0 0.0686636 0 0 -
+ Mass Flows kg/hr 4196.44 1812.2 5148.74 952.294 5999.68 5148.74 952.294 2384.25 1812.2 35471.4 850.941 5999.68
# Mass Fractions
Volume Flow Vmin 92.8451 40.3647 1776.04 4085 1045.06 13512 1721.36 52.8983 40367 224415 1247.63 1361.15
+ Vapor Phase
\ + Liquid Phase
‘ <add properties> E
-1 4 | " ] »
_———

@
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Stream Results

Units PROD-C6 RS
Units PROD-C5 B ~ Mole Flows kmol/hr 29.66
| " — MIXED Substream METHANE kmol/hr 0
&l _lnput,
CE Results.. Phase Liquid Phase c2 kmeol/hr 0
#4 Reconcile.. Temperature C 102.643 PROPA-01 kmal/hr 8.93568e-11
Analysis... o Pressure bar 1.8 M-BUTANE kmol/hr £6.15882-07
Change Stream Class.. Molar Vapor Fraction 0 CYCLOHEX kmol/hr 11.0809
) Deactivate Meolar Liquid Fraction 1 LA jenohy R
— & Malar Solid Fraction 9 TOLUENE kmol/hr 0.0273169
=l 2 Insert Block Mass Vapor Fraction 0 02 lemolfhr L
¥ Cut Mass Liquid Fraction 1 N2 kmol/hr 0
| & p
M O Mass Selid Fraction 0 oz kmolfhr 0
- LPG o i H20 kmal/hr 0
- — Rename Stream Molar Enthalpy cal/mal -3692.74 /
Reconnect » Mass Enthalpy calfgm -45.9376 ~ Mole Fractions
METHAME 0
& Align Blocks Muolar Entropy calfmal-K -82.6706 o )
%4 Reroute Stream Mass Entropy calfgm-K -1.02842
PROPA-0O1 3.35121e-12
Hide v Molar Density mol/cc 0.00934497 . ©
b2 _ _ N-BUTANE 2.07647e-08
Caolor and Style.. Mass Density gmycc 0.751204
= —E—rs -, CYCLOHEX 0.373598
Enthalpy Flow calfsec -30424
_ ) BENZENE 0.625481
Average MW 80.3859
TOLUENE 0.000921004
= Mole Flows kmol/hr 29.66
X ) 02 0
PUMP METHAME kmel/hr 0 2 ;
b BoTTOMS? | C2 kmal/hr 0
i 7 co2 0
Chomical PROPA-D1 kmol/hr 9.93969e-11
H20 0
MN-BUTAME kmel/hr 6.1588e-07
b CYCLOHEX kmel/hr 11.0809
° ° ° {
b @ " www.ChemicalEngineeringGuy.com
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Getting Block Results

"
T DISTIL1 (RadFrac) - Results PROD-CE (MATERIAL) - Results (Default) Results Summary
DISTIL | Summary | Balance | Split Fraction | Reboiler | Utilities | Stage Utilities | & Status |
. . Basis (TSN -
Condenser / Top stage performance
DIS‘EL.I Name Value Units -
@| Input.. Termnperature 253431 C
E Results... Subcooled temperature
koLreEED Stream Resulis... ﬁ Heat duty -227468  calfsec
I Subcooled duty 3
[y —
Distillate rate 20 kmolfhr
Change section... Reflux rate 100 kmel/hr
t_"‘ Move Selection... Reflux ratio 5 L
,Z, Deactivate Free water distillate rate
L] L] L] Free water reflux ratio A
E Rebailer / Bottom stage performance
Cost Marme Value Units
Temperature 113747 C
¥ Cut i
Heat duty 285802 cal/sec
53 Copy ,
Bottoms rate 494333 kmol/hr
Rename Block Bl 142104 kmol/hr
Rotate lcon - Boilup ratio 287466
Exchange lcon Bottems to feed ratio
Chemical
_ _ Hide a
Solids Solids Separat s |
e
@ ° ° ° {
et www.ChemicalEngineeringGuy.com
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Analysis

= Manual “what if” cases

= Change several inputs to get new outputs

= Change of T Heat

= Change of P valve
= Change of P Reactor
= Changer of Reflux Dist1

Change of Stages Dist2

www.ChemicalEngineeringGuy.com

F = 1200 kmol/h

T = 50°C
P = 10 bar
x = (0.21 02, 0.79 N2)
‘State variabies
Tempersture 15
Pribuie ]
o iarisn
tal flow bas Mok
Pl 100
Component

0.19

012
on
0.075
015

0.155

P =2bar

RadFrac (Eq)
Stages = 15,Feed =8
Partial-Vap

D-Rate = 20 kmel/h
Reflux - § molar

Pop = 1,95 bar

Distl (Eq)

Stages = 20, Feed = 10

Total Cond

D:Fratio=0.60

Reflux = 4 molar
Pecond =1.90 bar
Pboil = 2.10 bar

Rstoic
Q=0
COMBCHAN P = 10 bar
dP = 0bar
STACK |—|.‘.}
COMP
LPG =

Isentropic
Efft %=
86.0%
Pfinal = 5bar

Pincrease = 0.5 bar
EH% = 66.7%

e
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My results

= Compare your results with mine:

www.ChemicalEngineeringGuy.com

= Mole Flows

METHAME
c2
PROPA-O1
M-BUTAME
CYCLOHEX
BEMNZEME
TOLUEME
02

M2

co2

H20

= Mole Fractions

METHAME
c2
PROPA-O1
M-BUTAME
CYCLOHEX
BENZEME
TOLUEME
02

M2

co2

H20

Units

kmol/hr
kmol/hr
kmol/hr
kmol/hr
kmol/hr
kmel/hr
kmol/hr
kmol/hr
krmol/hr
kmol/hr
kmol/hr

kmel/hr

STACK

1242.66
0
0
0
0
0
0
0

152.811

948
56.5261
85.3257

0
0
0
0
0
0
0

012297
0.762578
00454879
0.0686636

-

LPG -
20
0.990716
4,59656
435757
9.06057
0.282155
0.712325
0.000109135
0

0
o
0

0.0495358
0.220828
0.217878
0.453029

0.0141078

00356162

5.45676e-06
0

0
o
0

PROD-CH

29.66

0

1]
9.9396%e-11
6.1588=-07
11.0802
185517
0.0273169

1]

0
0
0

0

1]
3.35121e-12
207847e-08
0.373593
0.625481
0.000921004
1]

0
0
0

-

PROD-CY

19.7733
0

0

0

0
0.463146
042921
18.8804
0

0
0
0

0
0
0
0
002342258
00217369

095434
0

0
0
0

=g
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CASE A - Change of T Heat

Usitz STACK - LPG -~ PROD-C6 =~ PROD-C7 =
= Change T = 40°C to T = 30°C of Heater . — == o A
g METHANE kmol/hr 0 1.15624 0 0
2 kmol/hr 0 547187 1.00833e-10 0
s STACK - PG - PROD-C6 - PROD-CT - PROPA-(01 kmol/hr 0 492073 3.38701e-06 0
~ Mole Flows kmol/hr 1242.66 20 29.66 19.7733 N-BUTANE kmolfhr 0 845116 11446 5.72647e-12
METHANE T 0 Des0Tis 0 0 CYCLOHEX kmol/hr ) 3.8388e-10 10.985 0.909186
(o] kmol/hr 0 459656 0 0
rl | T
oROPALD! b . PrTe E———— . BENZENE knol/hr 0 3.522032-09 189357 0.877564
N-BUTANE kmol/hr 0 9.06057 61588007 0 TOLUENE kmol/hr 0 5.43581e-14 0.0144238 18.933
CYCLOHEX kmel/hr 0 0282155 11.0800 0463146 02 kmal/hr 164364 0 0 0
BEMZEME kmol/hr 0 0.712325 18.3517 042981 M2 kernolihr 948 0 0 0
TOLUEMWE kmol/hr 0 0.000109135 0.0273169 18.8804 -
o . 152t . . . cao2 kmol/hr 493783 0 0 0
N2 kmol/hr 0948 0 0 0 H20 kmol/hr 76.5157 ] ] 0
coz kmol/hr 56.5261 0 0 0 = Mole Fractions
H20 kmol/hr 85.3257 0 0 0 METHANE 0 0.0578118 0 0
= Mole Fractions
c2 0 0273593 3.24757e-12 0
METHANE 0 0.0495358 0 0
e 0 0220838 0 0 PROPA-O1 0 0.246037 1.089782-07 0
PROPA-01 0 0217878 335121e-12 0 N-BUTANE 0 0422558 00368278 2.76377e-13
N-BUTANE o 0433020 | _ 207647e-08 o CYCLOHEX 0 1.9194e-11 0353447 00438801
CYCLOHEX 0 0.0141078 0373598 0.0234228
BENZENE 0 1.76102e-10 0.609262 0.0423539
BEMZEME 0 0.0356162 0.623481 0.0217369
e —— e S —— TOLUENE 0 2.71797e-15 0.000464003 0.913765
a2 0122971 0 0 0 02 0.132738 1] 1] 4]
N2 0.762878 0 0 0 N2 0765592 0 0 0
chemical co2 0.0454879 0 0 0 coz 00308773 0 0 0
H20 0.0686636 0 0 0 '
- H20 0.081793 0 0 0
L 2 )
° ° ° 1
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CASE B - Change of P valve

= Change Pressure of Valve
= P=1 bar
= P=35bar

s STACK ~ g - PROD-C§ =~ PRODCT =
= Mole Flows kmol/hr 1242.66 20 20.66 10.7732
METHANE kmal/hr 0 0990716 0 0
2 kmol/hr 0 45955 0 0
PROPA-0T kmalshr 0 435757 99208911 0
N-BUTANE kmal/hr 0 9.06057 6.1588-07 0
CVCLOHEX kmol/hr 0 0282155 110800 0452146
BENZENE kmal/hr 0 0712325 185517 0.42081 .
TOLUENE kmal/hr 0 0000109135 00273150 168804 N D t
02 kmol/hr 152811 0 0 0 O rastic
N2 krolfhr 948 0 0 0 C h an
co2 kmal/hr 565261 0 0 0 ge
H20 kmalshr 852257 0 0 0
— Mole Fractions
METHANE 0 0.0495358 0 0
« 0 0220828 0 0
PROPA-01 0 0217878 335121e-12 0
N-BUTANE 0 0452020 207647e-08 0
CVCLOHEX 0 00141078 0373508 00234228
BENZENE 0 0.0256162 0.625481 00217366
TOLUENE 0 545676206 0000021004 005484
Chemical 02 0122071 0 0
N2 0762878 0 0 0
- coz 00454870 0 0 0
] H20 00686636 0 0 0

=g
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CASE C - Change of P Reactor

= Change Pressure of Reactor
= P=-3bar
= P=1bar

s STACK ~ g - PROD-C§ =~ PRODCT =
- Mole Flows kmol/hr 1242.66 20 20.66 107733
METHANE kmal/hr 0 0990716 0 0
2 kmal/hr 0 459656 0 0
PROPA- 07 kmalshr 0 435757 99208911 0
N-BUTANE kmal/hr 0 9.06057 6.1588e-07 0
CYCLOHEX kmal/hr 0 0282155 11,0809 0463145
BENZENE kmal/hr 0 0712325 185517 0.42081
TOLUENE kmal/hr 0 0000109135 00273169 18,8804

0z kmol/hr 152811 0 0
N2 kmal/hr 943 0 0 0
coz kmal/hr 565261 0 0 0
H20 kmalshr 852257 0 0 0

- Mole Fractions

METHANE 0 0045358 0 0
2 0 0.220828 0 0
PROPA-01 0 0217878 335121e-12 0
N-BUTANE 0 0453028 207647e-08 0
CYCLOHEX 0 00141078 0373508 00234228
BENZENE 0 00356162 0625481 00217369
TOLUENE 0 545676206 0000021004 095484

Chemical 0z 0122971 0 0
Nz 0762878 0 0 0
- coz 00454879 0 0 0
2] H20 00686636 0 0 0

=g
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CASE D - Change of Reflux Dist2

= Change Reflux Ratio from 4 to 2 and/or 6 and/or 15

Lot STACK - PG ~ PROD-C5 = PROD-CT -
— Mole Flows kmol/hr 1242.66 20 20.66 19.7733
METHANE kmol/he 0 0900716 0 0
=) kmol/hr 0 159556 0 0
PROPA-01 kmol/hr 0 435757 9.83969e-11 0
N-BUTANE kmol/hr 0 9.06057 £.1588¢-07 0
CYCLOHEX kmol/hr 0 0282155 11.0809 0.463146
BENZENE kmol/hr 0 0712325 185517 042981
TOLUENE kmol/hr 0 0000109135 00272169 186804
o2 kmol/hr 152,811 0 0 0
N2 kmol/hr 918 0 0 0
coz kmol/he 56,5261 0 0 0
H20 kmol/hr 853257 0 0 0
= Mole Fractions
METHANE 0 00495358 0 0
=) 0 0.220828 0 0
PROPA-01 0 0217878 335121e-12 0
N-BUTANE 0 0453020 20764708
CYCLOHEX 0 00141078 0373598 0.0234228
BENZENE 0 00356162 0.625481 00217368
TOLUENE 0 545676e-05 0000921004 095484
oz 0.122971 0 0 0
N2 0762878 0 0 0
coz 0.0454879 0 0 0
H20 0.0686636 0 0 0

Chemical
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Course Closure

1. Introduction

Our Chemical Process!

Setting up the Physical Property Environment
Simulation Environment [ — The Flowsheet
Simulation Environment II — Unit Operations
Running, Results & Analysis

Case Studies

» N o a0 &> b

Conclusion

www.ChemicalEngineeringGuy.com
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Course Closure

= Introductory Knowledge of Processes Modeling
= General Flowsheet Concepts

Setting the adequate Physical Properties

Basic Flowsheet “manipulation”

Minimum Requirements to set up & run a Simulation

Common Unit Operations

Create an interest in Process Modeling

www.ChemicalEngineeringGuy.com




Solve this!

Change:

« All T of Reactors

* Feed Composition

* No. of Plates in Distl. Col
* T of Heat Ex

* Gas Sep.T

* Compressor P

+ Utility Costs

NET H¥DROGEN
4=

_ 1. Hydrogen
i © Bto 46 otm 1 Recycle gas
Compressar
L]
& 485 to 526 °C 405 to 525 °C 495 to 5246 °C
o Fixed-bed Fixed-bed Fixed-bed
=4 Reactor Reactor Reactor
@
o
Y — 1 — — T
— —_— -
— | - —
Fired Heater Fired Heater Fired Heater
_ Preheated Haphtha and Hydrogen B Cooler
5 . Pecycle gas . i)
Heat
Exchanger

Dehexanized
up -

Maphthz
Pump

Condenzer OFF GAS
Reflux
drum
33 °C
Reflux
| Pump
— Stakilizer
— | “wApor
] Rebuoiler

Liquid

Bed of catalyst
Hydrocarbon liquid

atm = atmosphere of pressure

PC = pressure controllar

Steam or hot il

REFORMATE

Process flow diagram of a semi-regenerative catalytic reforming unit in an oil refinerv
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What's Next?

= Typically, you will follow your training with
- Basic Course

= What do you learn there:
= More on Aspen Plus

More on Physical Property Environment
Flowsheet techniques ASPEN PI—US

More Unit Operations BUNDLE

Analysis Tools

Plenty Workshops

Process & Industry Case Studies

Chemical
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For my students!

= Aspen Plus — Basic Course!
= 1 Month Free Trial then $8.00 USD/month

Chem EngGuy COU rses Admin Home Start Here.. All Courses My Courses Preview as v ﬁ‘/

Aspen Plus - Basic Course

Learn how to model Basic Industrial and Chemical
Processes!

( P Watch Promo ) ™ Enroll in Course

Chemical

www.ChemicalEngineeringGuy.com

Engineering Guy



https://courses.chemicalengineeringguy.com/p/aspen-plus-basic-course-1/?product_id=1048838&coupon_code=1MONTHFREEX
https://courses.chemicalengineeringguy.com/p/aspen-plus-basic-course-1/?product_id=1048838&coupon_code=1MONTHFREEX

For my students!

= Aspen Plus — Training Bundle includes:
= Aspen Plus — Getting Started

= Aspen Plus — Basic Course

= Aspen Plus — Physical Properties

= Aspen Plus — Intermediate Course

= Aspen Plus — Boot camp: 12 Case studies

= All other new upcoming Aspen Plus courses

Chemical
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https://courses.chemicalengineeringguy.com/p/aspen-plus-basic-course-1/?product_id=1012259&coupon_code=AP-INTRO-FINISH-TO-AP-BASIC-25PP
https://courses.chemicalengineeringguy.com/p/aspen-plus-basic-course-1/?product_id=1012259&coupon_code=AP-INTRO-FINISH-TO-AP-BASIC-25PP

