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Example: staged column design with Radfrac

L/

# Separation of a mixture of hydrocarbons by distillation

= The feed is 0.100 mol fraction ethane, 0.300 mole fraction propane,
0.500 mole fraction n-butane and 0.100 mole fraction n-pentane.

s The feed is 1.0 kmol/s at 25°C and 15.0 atm.

= The column has N (Aspen notation) = 35 equilibrium stages and the feed
is on stage 16.

= The column operates at 15.0 atm, has a partial condenser and produces
a vapor distillate with D = 0.400 kmol/s (D/F=0.4).

= The column has a kettle type reboiler.
s Reflux ratio is L/D = 2.5.

» Use the Peng-Robinson VLE correlation with standard binary interaction
parameters.
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Example: staged column design with Radfrac

L/

# Separation of a mixture of hydrocarbons by distillation

# Using Radfrac perform the following calculations:

1. With a base case obtain the column profiles: T, Kij, L/V, compositions.
Verify that:
1. Max. n-C4 mole fraction in the vapor distillate of yp ¢4 max = 0.001
2. Max. C3 mole fraction in the liquid bottoms of Xg,; c3 max = 0.0

2. Create a new column internal section for a sieve tray column internal
using the following specifications:

Create an auto section and verify that two sections are created (2-15 and 16-34 stage)

Specify Sieve trays with 2 pass (sec.1) and 4 pass (sec.2).

Verify and understand the Design parameters (in the Geometry section).

Estimate D and tray spacing.

5. Verify hydraulic plots and adjust the geometry, until you have no warnings / errors.

3. Change the tray type to BubbleCup

1. Adjust the geometry until you have no warnings / errors.

/R
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Example: staged column design with Radfrac

/
1
I O Global lFlcmsheed Sections Inefefenced Comments
Property methods & options Method name
e St e | Method fit COMMON
. IR S s PENG-ROB * | Methods Assistant..,
Component ID Type Component name Alar Base method PENG-ROB -
ETHANE Conventional ETHANE C2H6 Hanry components . Modify
onal : 05 ESPRSTD
PROPANE Conventional PROPANE C3M8 Petroleum calculation options E S v
N-BUTANE Conventional N-BUTANE CAH10-1 Free-water method  STEAM.TA , Data sot 1S
N-CS Canventiona! N-PENTANE C5H1241 Water solubility 3 L Liquid gamma
Uata &t C

(E byte calculation options Liquid motar enthalpy  HUMX106

@ F d 2GR - Liquid mofar volume:  VIMX2D
ee (¥ Use true companents

Heat of mixing

Poynting corraction

I & Mixed I Cl Selid | NC Solid \ Flash Options I EQ Options l Costing | Comments

Use liguid reference state enthalpy

(A) Specifications

Flash Type Temperature v Pressure ~ [ Composition -
Mole-Frac .

State variables
Temperature 25 C G Component Value
Pressure 15° atm = ETHANE 0.1
Vapor fraction PROPANE 0.3
Total flow basis Mole v L-BUTANE 0.5
Total flow rate 1 kmol/sec v 0.1
Solvent

-Reference Temperature

Volume flow reference temoerature
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Example: staged column design with Radfrac

N ‘ I @ Configuration IQStreams ] & Pressure ]Condenser ] & Reboiler , 3-Phase l Comments

@ Setu p -Setup options

Calculation type Equilebrium v
' l @ Configuration I @ streams IQPressure ICondcnsor ] SR Number of stages 35 % | Stage Wizard

Condenser Partial-Vapor v

Feed streams
. Rebailer Kettie v
Name Stage Convention
Valid phases Vapor-Liquid v
P | FEED 16 Above-Stage
Convergence Standard v
-Operating specifications
Reflux ratio ¥ Mole - 25
@ Interna IS Distillate to feed ratio * Mole - 0.4
| 2 | Free water reflux ratio g Feed Basis |
Status  Active Column description  Sieve tray column internal
| Add New | Dupicate | | import Tempiate | | Expont Tempiate | | View intemais Summary
Name Start  End Mode Internal Tray/Packing Tray Details Packing Details
Stage Stage Type Type
Number of Number of Vendor Material Dimensi
Passes Downcomers
cs-1 2 15 Interoctive sizing  Trayed SIEVE - 2

b Cs-2 16 34 Interoctive sizing  Troyed SIEVE v

Don't update pressure drop
Update pressure drop from top stage
Update pressure drop from bottom stage
V' Include static vapor head in pressure drop calculations
Calculate pressure drop across sump

- Sump
Diameter 453006 meter
I Lguid residence hme 00166667  hr
) Liguid level meter
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Example: packed column design with Radfrac

L/

# Separation of a mixture of hydrocarbons by distillation

= The feed is 0.100 mol fraction ethane, 0.300 mole fraction propane,
0.500 mole fraction n-butane and 0.100 mole fraction n-pentane.

s The feed is 1.0 kmol/s at 25°C and 15.0 atm.

= The column has N (Aspen notation) = 35 equilibrium stages and the feed
is on stage 16.

= The column operates at 15.0 atm, has a partial condenser and produces
a vapor distillate with D = 0.400 kmol/s (D/F=0.4).

= The column has a kettle type reboiler.
s Reflux ratio is L/D = 2.5.

» Use the Peng-Robinson VLE correlation with standard binary interaction
parameters.

# Data are the same as for the example done for staged
column

/R
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Example: packed column design with Radfrac

/R

L/

# Separation of a mixture of hydrocarbons by distillation

# Using Radfrac open the file used for staged column design and
perform the following calculations:

1. Verify the base case reported in the old file, and in particular that:
1. Max. n-C4 mole fraction in the vapor distillate of yp ¢4 nax = 0.001
2. Max. C3 mole fraction in the liquid bottoms of Xgy c3 max = 0.001

2. Create a new column internal section (INT-2) for a packed column internal
(leave the INT-1 internal section of the tray design), using the following
specifications:

1. Create an auto section and verify that two sections are created (2-15 and 16-34 stage)
2. Specify packed column — interactive sizing with pall rings.

3. Verify and understand the Design parameters (in the Geometry section) and specify packed
height per stage (HETP) in geometry section (.5 m for pall rings)

4.  Estimate D and tray spacing.
5. Verify hydraulic plots and adjust the geometry, until you have no warnings / errors.

3. Change the packing to Mellapack

1. Verify and understand the Design parameters (in the Geometry section) and specify packed
height per stage (HETP) in geometry section (.2 m for mellapack)

2. Adjust the geometry until you have no warnings / errors.
4. Add design specifications to obtain the desired purities:
1. Max. n-C4 mole fraction in the vapor distillate of yp 4 nax = 0.001
2. Max. C3 mole fraction in the liquid bottoms of Xg, c3 mayx = 0.001
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Example: packed column design with Radfrac

/]
\
Selact componants
Component ID Type Component name
ETHANE Conventional ETHANE
PROPANE Conventional PROPANE
N-BUTANE Canventional N-BUTANE
N-CS Canventional N-PENTANE

Method

I O aGlobal lFlowsheet Sections Iaeferenced | cComments

|- Property methods & options Method name
fil MM
Method filter COMMON PENG-ROB - Mathods Assi }
Alar Base methed PENG-ROB -
C2HE Hanry compenents - Modify
. OS ESPRSTD
i Petroleum calculation options 3 st
Sats <ot &
ancici Free-water method STEAM-TA A e ¥
C5H12-1 Water solubility 3 L Lquid gammea
Uata &t C

# Feed

| Electrolyte calculation options
Chemistry ID -

Liquid motar enthalpy  HUMX106
Liquid mofar volume | VIMX20
¥ Use true components

Heat of mixing

Poynting corraction

I & Mixed I::l Solid | N

x;_ Specifications

C Solid \ Flash Options I EO Options I Costing I Comments

Use liguid reference state enthalpy

Flash Type Temperature ~ Pressure ~ [ Composition -
Mole-Frac .

State variables
Temperature 25 C ¥ Component Value
Pressure 157, atm = ETHANE 0.1
Vapor fraction PROPANE 0.3
Total flow basis Mole - L-BUTANE 0.5
Total fiow rate 1 kmol/sec v 0.1
Solvent

-Reference Temperature

Volume flow reference temoerature
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Example: packed column design with Radfrac

‘ I & Configuration i @ Streams ] & Pressure lCondenser ] Oﬂebqilerr , 3-Phase l Comments

Equilebrium -
35 % | Stage Wizard
Partial-Vapor v
Kettie v
Vapor-Liquid v
Standard v
* Mole - 25
¥ Mole > 0.4
0 | Feed Basis |

] ; Import Tamplate | l . Export Tnmphtonl | View Internals Summary l

/
\
@ Setu p -Setup options
Calculation type
' [ & Configuration I @ streams I @ Pressure I Condenser ] SR Number of stages
Condenser
Feed streams
X Reboiler
Name Stage Convention
Valid phases
P | FEED 16 Above-Stage
Convergence
-Operating specifications
Reflux ratio
@ Internals Distillate to feed ratio
Free water reflux ratio
tatus  Active Column description
Add New
Name Start  End Mode Internal
Stage  Stage Type
cs-1 2 15 Rating Packed
cs-2 16 34 Rating Packed
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8 Den't update pressure drop
1) Update pressure drop from top stage
Update pr drop from b stage
[¥] Inclyde static vapor head in pressure drop calculations

|| Caleulate pressure drop across sump

Sump

Drameter 2.34009 ' metey
Liguid residénce time 0.0166667
Liquid lavel matar

Tray/Packing Tray Details Packing Details
Type
Numbser of Number of Vendor Matenal Dimension
Passes Downcomers
PALL MTL METAL 0.625-IN OR
PALL MTL METAL 0.625-IN OR
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Example: packed column design with Radfrac
&
# Hydraulic plots
Stages View ~Sage s .i;
Stages Vapor Liquid b ;
g rsc.m-z . :\ 6853 mm-water/m
é See D4 = éé\um -
é e %:\ 1 onstant V||
§ 304 is’ * 6.90 mm-water/m /c
= i = L 839 mm-water/m . /
I 4 TTteteescssmcsieieceisina. - 417 mm wm,,,,,‘..‘l'?ﬁ‘.’.‘!’!ﬁ.”.‘i‘!‘l ........................................
0 S 'solool ] Iu-!ml ] '1_5:-0.:' ] lzefoa' - lz.r,el'm'

All Stages | Stages with Errors/Warnings
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