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Agenda
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# Batch block layout
= Setup forms
= Heat transfer form
Initial conditions
= Column setup form

# Operating steps
= Charge
n Distil
# Results and profiles
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Objectives

L/

/R

# Learn how to setup basic specifications for batch
distillation and reactor

# Recognize how to interpret and review result for a batch
distillation simulation

# Setup a simulation of a batch procedure
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BatchSep Block Layout

/R
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Heat loss to
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Capabilities

/R

Startup from total reflux, empty column or initial charge
2- or 3-phase calculation anywhere in the column

Feeds to the column at any time, any stage including the pot and
reflux drum

Switch distillate or side draws to one of any number of receivers at
any time during simulation

Simulate multiple batches with recycle of material to the next batch
Reactive distillation using rate based or equilibrium reactions

Various modes for holdups and pressure profile

Methods for estimating pressure drop and holdup for trays or packing
Realistic modeling of heat transfer in pot and condenser

Interstage heaters and coolers

Heat loss to environment

Dynamic effect of the heat capacity of the column materials

Ability to include and configure controllers to manipulate operating
conditions

P PP P PP E & e
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Demo BatchSep

Batch separation of a mixture benzene/toluene

/R

Components: Reflux Drum —
Benzene 1.0472 cum Reflux Ratio: 5
Toluene
Nitrogen
Charge Column
100 kmol Design: |
Mole Frac: 4 Trqys with
Benzene 0.5 spacing 0.5 m
Toluene 0.5

Heat Transfer:
o ; Jacket Heating Medium
Gfeometry. Temperature 200 °C
Diameter 3m
Height 2m

Operate until benzene mole fraction in pot becomes less than 0.1% mol
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Setup form

/R

@ Configuration tab enables the user to specify:

Number of Stages
(Trays +2) Number of phases
All Items Main Flowsheet - B1 (BatchSep) - Setup -~ |+
b s2 - ,
> O S3 uration IOStreams ] & Pressures & Holdups l OCond% Condenser 2 | @ Pot l @ Refiux lReactions |
Blocks
I ;6 \-6‘021 [Numberof stages [ 6;]' [ Valid phases Vapor-Liquid ']
@] Setup
(@] Heat Transfer | Ovechind
@] Initial Conditions [Condenser Total @ Partial ) Partial, with 2nd condenser

4 . Column Internals
b GINT-1
@] Efficiencies
. Controllers
4 |_§ Operating Steps
01
40-2
[@] Final Conditions
(@] Convergence
(@] Block Options
VA Variables
A Parameters
) Results
[ Profile Results
0 Time Profiles
) Stream Resuits
 Utilities
- Reactions
b @ Convergence
b [ Flowsheeting Options
b L Model Analysis Tools
& FN Canfinnratinn
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[

[¥] Reflux drum present

Type of condenser.

Distillate receive .
s . If incondensable are present,
Number of receivers & Phase Condenser Total b l d
- RAck otal must not be selecte
Include reflux drum dump receivers

Liquid !

Vapor !
Pressure & Holdups
() Specified .
@ Calculated from tray or packing hydraulics P reSS U re Ca IC U la tl O n
Pot heat transfer Initial condition
() Shortcut () Total reflux
® Rigorous ® Empty Initial conditions

Initial charge

| Calculate transport properties
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Setup form

/R

£ Main Flowsheet

‘ & Configuration I @ sStreams l & Pressures & Holdups I

Pot charge -

Stream CHARGE <~ Flowrate basis Mole v

Continuous Feeds
No continuous feeds present

Distillate Receivers

. ~
Number of receivers 1o

Receiver Product Stream
1 DIST

Side Draw Receivers

¢ Pressure & Holdups tab
enables the user to specify the
pressure of the column:

m If "Specified”, pressure drop
and holdups must be specified

m If “Calculated”, condenser and
internals characteristics must
be specified

—
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B1 (BatchSep) - Setup - Conirol Fanel 4 Streams tab enables the user
to specify the inlet and outlet
streams of the column.
Remember to specify the
correct receiver

Main Flowsheet - 'B1 (BatchSep) - Setup -~ -+

‘ @ Configuration | @ Streams | @ Pressures & Holdups | @Condenser | Car

Pressure & Holdups Calculation Option
Specified

9 Calculated from tray or packing hydraulics

Overhead
Condenser pressure 1.01325 bar v
Second condenser pressure 1.01325 | bar
Specify stage 2 pressure 1.02325 bar
Condenser inlet diameter 0.1 meter

Pressure drop

Pressure drop specification Column Pressure drop

Holdups

Holdup basis Mole

Reflux drum liquid holdup kmol
Start stage End stage Stage Holdup

kmaol
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Setup form

% Main Flowsheet - B1 (BatchSep) - Setup « | Control Panel -+ @ Condenser tab enables the

[ @ Configuration ] @ Streams l @ Pressures & Holdups | @ Condenser | Condenser

T user to specify information
<— regarding the condenser and

Condenser specification

/R

-
s the condensation
Distillate vapor fraction 0
] .
. = specifications
Coolant inlet temperature 10 C v
Coolant mass flow 10000 kg/hr v
Coolant heat capacity 0.998376 cal/gm-K
Condensing coefficient 859.845 kcal/hr-sgqm-K ~ o -
e Lok Main Flowsheet - B1 (BatchSep) - Setup « | Control Panel -+
Heat transfer area 10 sqm =
| @ Configuration ] @ Streams I @ Pressures & Holdups I @ Condenser | Condenser 2 I @ rot I @ Refly
Subcooling specification
® None ‘ Load vessel from library ‘ Vessel ID
) 0 C
Degrees subcooled C ‘ oy P } Vessel description
Subcooled temperature 50 C
Geometry Specification Top Bottom
Pot orientation @ Vertical Pot head type Elliptical ~ Eliptical
¢ Pot tab enables the user to
© Diameter + Tan-Tan length Diameter + Volume Tan-Tan length + Volume

define the dimension of the pot
using commercial vessels from — >
library or specifying the specific
dimension defining two out of:
m Diameter S Lo
m Height B
m Volume
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Setup form

;
Nt Pt 8 (bt < Sotig 1 Comtd Wt 4
o ——————— # Reflux tab enables the user to
. <— specify the reflux ratio or other
g eSS specifications regarding the
e distillation operation variables.
o It allows to define the dimension

of the reflux drum and the level
control parameters

# Reactions tab enables the user to
L o specify if a reaction is occurring
5 R i inside the vessel or the entire
S ECcTOCEEED column

Main Flowsheet ~ “B1 (BatchSep) - Setup - Control Panel +

| @ Configuration I & Streams I & Pressures & Holdups I @ Condenser | Condenser 2 | @Pot I @ Reflux | Reactions l 3

Reactions

Reactionmode! | -

Reactions occur in all stages

9/ Reactions occur in pot only
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Heat Transfer form

- . |
_ Main Flowsheet - B1 (BatchSep) - Heat Transfer - Control Panel +
I @ Configuration I @ Jacket Heating | Side Duty I Process Side Heat Transfer Coeff
Heat Transfer Model Specification
Shortcut Duty 1 Geal/hr
@ Rigorous

[ Model heat loss to the environment

Madel vessel heat capacities

Jacket

[ Heating [¥] Jacket covers bottom

|| Cooling

Coils
[ Heating Heat transfer area 1 sqm

|| Cooling

External
Exchanger

|| Heating Heat transfer area 1 sqm

| Cooling

Jacket top height
275 meter A
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# Configuration tab enables the
user to specify the approach
to heat transfer calculation:

= Shortcut: Duty must be specified.
Eventually, any side duties
require further specification
regarding their stage location

= Rigorous: it allows to specify the
existent heating device (Jacket,
Coils, External Exchanger) and its
purpose.

Coil top height
2.75 meter v

lacket top height b

275 meter v

Coil bottom height
025 meter -

Recirculation rate
0 ka/hr v
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Heat Transfer form

L

/R

B1 m) - Heat Transfer - Control Panel +
| & Configuration I @ Jacket Heating | Side Duty | Process Side Heat Transfer Coeff

_~ Main Flowsheet »

Heating option specified medium temperature

Medium temperature 200 C

Heat transfer coefficient

'@ Use overall heat transfer coefficient 429.923 kcal/hr-sqgm-K

Compute using process side and service side film heat transfer coefficients

# Jacket Heating, Coils Heating, External Exchanger Heating tabs

-

v

specified medium temperature

LMTD

Mass Boilup rate
Mole boilup rate
Specified duty

specified medium temperature
Steam heating

enables the user to specify the working condition of the

heating/cooling device:
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LMTD: Logarithmic mean temperature difference
Mass/mole boilup rate: mass/molar flow of boilup from pot to column

Specified Duty: Net duty given/removed from the pot depending on the
purpose of the device

Specified medium temperature: temperature of the utility adopted for the heat
transfer

Steam heating: condition (T or P, mass flowrate) of the steam adopted for
heating up the pot
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Initial Condition form

/R

L
# Main tab enables the user to specify the # Distillate Receivers
initial condition among: tab enables the

= Total reflux: the column is charged and heated up user to specify the
using total reflux until steady state is reached. com pos|t|on of
Temperature and pressure must be “calculated” mixture inside

= Empty: The column contains Pad Gas only (usually distillate containers,
Nitrogen or Air) and the user must specify initial if present
temperature and pressure. )

= Initial charge: The column already contains some

reactants and pad gas.

Main Flowsheet - “B1 (BatchSep) - Initial Conditions - Con

_ Main Flowsheet - B1 (BatchSep) - Initial Conditions - Control Panel e

| Sisi iOD' e ’ s = I @ Main | @ Distillate Receivers I Side Draw Receivers
al istiliate eivers Side Draw Receivers

Initial Condition Composition basis .
) Total reflux @ Empty Initial charge Receiver @1 v
iftiot temibeatie 20 C = Total initial charge 0 kmol -
Initial pressure 1.01325 bar v
Initial Composition

Initial drum liquid volume fraction 0.5
Pad gas " 5 Component Value
Charge BENZENE 0

Specify charge time 1 hr LIED 0

Speafy total charge

Charge basis Mole

Total initial charge kmol
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Column Internals form
# Sections and Geometry tab enables the user to specify
internal details for specific sections of the separation

column
= Trayed: the user can define specific geometric parameters for sieve trays
m Packed: the user can define specific parameters for packing internals

/R

Main Flowsheet - B1 Column Internals INT-1 Sections - Control Panel -+

@ Sections

Active  Column description

Facory
Section  Start End Internal Tray Spacing/Stage Diameter Details
Number Stage Stage Type Packed Height it ===
1 2 5 Trayed 0.5 meter 1 meter | View | X . - 7] | | Seommen ten
' > - V) g Top % e Lorgre
COy Ty~ 7
ey tooe
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Operating Steps form

/R

# It allows the user to specify the operating steps inside the
equipment. Since batch distillation is a dynamic process,
different operations need to be specified.

# Change operationg conditions such as charges, reflux
ratio, heating, cooling, switch receiver, ...

# All changes start at the same time
# A duration time (ramp) can be specified to reach and

maintain the specified - e e o v m—
value B [

¢ Inour demo, we need L = . S
to charge the vessel el

first and then start the &= .
distillation operation.

LU S e e e) s
EEdEER T

Process Simulation — Maurizio Fermeglia Trieste, 19 April, 2021 - slide 15




Charge Operation

/R

# We need to charge the pot with the continuous stream
“CHARGE" until we reach 100 kmol of solution inside the
vessel.

# How long do we need to let the
operation last?

@ Contigurs
Operating Changes
e Dregechanged New Wl un Rasry
D Mode/Rece e
Continuous feed CHARGE Mole fiow rate 100 kmol/hw
Jacket heating Medium temporature B C
L E)
Stop Criteria
Owration he

8
3 §
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Distil Operation

/R

#® We need to stop charging the vessel!

# Since we defined just the coolant conditions, we need to
specify the flow of this utility involved in the cooling
operation

# Now we want to heat up the vessel! What should we modify?
# How can we define the duration of this operation?

l @ Configuration I
Operating Changes
Process Variable being changed New Value Units Ramp Time
Location D Name Mode/Receiver Value
» Continuous feed CHARGE Mole flow rate 0 kmol/hr 0 hr
Condenser Coolant mass flow 30000 kg/hr 0 hr
Jacket heating Medium temperature 200 C 0 hr
Lh 'y ] ¥
Stop Criteria
Duration hi
@' Process variabl
Location Receiver, /Stage Process Variable Component Trigger Value Approach
From
Pot Liquid mole fraction BENZENE 0.001 fraction Above X
Stop if process variable trigger value not reached in 24 hr
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Final Conditions

L/

/R

# Define what to do with the material in the column at the end
of the batch:
= Leave in place
= Dump to Distillate receiver
= Leave in place and recycle

At the end of the batch show the material where it is, but the
Leave in place material will not be recycled to the next batch in case of multiple
batches

When simulating multiple batches and using Total reflux as the initial
condition. At the end of the batch show the material where it is,
then recycles it to the initial charge of the next batch

Leave in place and
recycle

Useful when simulating multiple batches with recycle and using
Empty as the initial condition. Material left in pot, reflux drum,
trays/packing is discarded before next batch starts. If any of it must
be recycled, specify on the Initial Conditions form how this material
will be used in the next batch

Dump to distillate
receiver

18
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Results

L/

/R

[ e e

Congenses | hefie [ comotien |

Curment tirme 74984 e .
Cumutative pot duty 120%3e+0% cal v
Operating steps
Step Sep Enid Tove Unts  Vidue 2t Sep Eng Urwts Theeshokd  Units
CHARGE 1.00001 e
- DESTIL TAM W
POT L-MOLESRAC BENZ 0001  Nachion 0001 fraction
Mo Fomabeet - §1 Conrm bternan T 1 Compon fores < B Loww Man Frowshes B1 Cowmn imumats INT.{ Contral M B Colemn eterri
e e S— pro—— e
. Surmmary lPol | Dustillate Recewers | 5o ll-‘-'\d'"m l e
T
Name Vilue Units
Pt 1
Duty 03350¢ Goatr
ert Pow [t L 43om
i e yu$588 Inket temperature mes <
Outiet temperature 2438 C
y Dutie? presuse 101335 bt
e v Recorrer Dutiet vapor faction 0
P He7 Outtiet Sgued traction !
LN xnan
Dutiet Sguud flow rase 29687  wxmolv
~N i1 340004
Owutiet vapor Now e 0 wmoltw
Congeunon
Piare v M
asMia Bllll Maie >
1295
b s o SENZENE TOLUENE N2
P o s Iniet compowtion 00450512 0950549 0
Pacevns kg haaat ' Liquid compostion Q04512 09509 0
N o '
Vapor compostion
2pant b ram A0 ™y
PrOCeSS Slmu VAG i 1ate T

Sammay :'\'l l‘illu;n ....'"—-

Harse
uSuC vl
s bl Toichay
Trrs vt hoftdap
HE whame
Lole hoavy rare
Mam nocng oee
Terrpecntan
Dty %0f et Danter wilh srwrurssent

Met auty

Sy Noe =

rieme Uses

VL herne (]
Tatal
favm
(]

BENTENE
UG
e

...and soon

200543704 0

# Results form: contains the steady state information, not
related to column profile or time. This information will be
sent to the rest of the flowsheet...

Valur uren
DS220ES5  reater
21908 hran
LY
m

ol

w0
1297 ¢
0 Gaaw

DI1MET  Glaltw

e Lt
2950 0426502 3333
Vagor Ligwée
* vy o

0415474

0 0
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Profile Resuts

L/

/R

holdup, duty, etc...

¢ Profile Results form: contains information related to
column profile for composition, temperature, pressure,

‘ | PFQ l(ompositiou IHolaup | Reactions | Properties | Flooding |
Stage
¥ Curent profiles
Profites at end of operating step CHARGE
Bazis Mole v
Temperature Pressure Heat Duty Uquid Tiow (Mole) Vapar Now (Moée)
Stage C * bar *  Geal/hr *  kmol/fr *  kmol/hr
Reflux drum 2259318 101325 ] 247519 0
Condenser 22,2639 101325 0.336306 29687 0
2 11639 10264 0 3514 29687
3 112421 103326 0 35,1463 40.0444
B 112834 103811 0 35,1651 400728
S 113095 104296 0 35178 40,0879
Fot 113287 1.04781 03184561 0 40.0973
Wit Fractions (Ligeid) Protie . e
s mORBENZENE) (Raction
PO w— UNTOUIENE thacion)
: ...and soon
! 2 3 1 13
Sl
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L

[y T & I 9

Temperature (C)

22,2639
111.619
112421
112.834
113.095
113.297
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Time Results

L/

# Time Results form: contains information related to dynamic
behavior of the column for composition, temperature,
pressure, holdup, duty, etc...

/R

I Laa] l""‘"‘“" |w in-n' THG | Coscstice I"“““ fretrag
— — T
L Nauiy Vs -
----------------- Now - ~ Tire s AN el e
........ . \ .
.08 o X T
T, 2 Vi3580 ] } e 093
an D RS 1,534 00 n 100l £004%Y
) & L] ) Q00 E2ETS 0 4 e LR
ad T Xk 1 S0 "
4235 L5 000801 A0S
7% f Q00136
4 2008 Ty P R | - 7 GEEITITCECCIIDIRUSCRITEIILECT IUIECE B DI Y I e
4104 10000 319
548 1000022358
59 130071744
" 03409 (% 0%
29700t i
208e ) -
1 5044 o)
A 107524 1299200 ° R3299Y ! RN 0423422
AN 0000 U A\ 0 A
10533 L0495 ¢ 1 60654 Ll uw La2e41)
-

Pot Male Fractions (Liquid) I Dite form ol

= x_molsBENJENE] (Iraction}
= _mole(FOUENE] [fraction)

...and soon
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Hands-on: batch simulation of
benzene - toluene
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