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Introduction

This is a basic tutorial for the creation of an SCDS column using CHEMCAD software
version 5.5.0. The initial conditions are specified in the objectives for the Distillation
Experiment in the Unit Operations Laboratory Manual (ECH4404L).
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Procedure
1. Starting CHEMCAD

1.1. Double click the CHEMCAD icon to run software.

1.2. To retrieve an existing file, click on “Open Job” in the “File” menu.
1.3. Select file, and click on “Open”.

1.4. To create new file click on “New Job” in the “File” menu.

1.5. Name new file, “SCDS column” and click “Save”.
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2. Creating a Process Flow Diagram

2.1 The initial flow sheet will populate a selection table for various types of
equipment. Equipment is listed in alphabetical order.

2.2 Moving curser through icons will allow for selection of the SCDS distillation
column ( 7 down; 4 across)

2.3 Click on the SCDS Distillation column. This places the column on the flow
sheet. Note: Right clicking on mouse will allow for additional selections of the
flow arrangements for the SCDS column.

2.4 Now select the inlet (red) and outlet (blue) flow stream arrows.

2.5 Click the square labeled stream to connect the arrows to the inlet/outlets streams
on column. An example process flow diagram is shown below:

SCDS Distillation Column

@ Distillate

Feed

Bottoms

Figure 1 — SCDS Process Flow Diagram
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3. Specification of Engineering Units

3.1 Click on “Format” and select “Engineering Units”.
3.2 Click on Sl units and modify as specified below in the red square:
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Dipole b arment m
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Wiscogity

Suif. Tension
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Facking DF Iin water/f "'l
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Figure 2

3.3 Now click on the “Options and references” tab and choose “Mole fractions” for
the component flow.

EEEngineering Unit Selection - x|
Urits selection | Options and references
—Stream Flow Unit “Yapor reference temperature
Total Flow IDefauIt molefmass 'I =GB0F if temperature units are F or B
% Default ) )
Component Flow — {ETalliET= e =0C if temperature units are C or K
Stream E dit IAutomatic COFVETHON 'I ™ Custom
—Atmozpheric pressune reference
* Default = 14.696 psia [1.01325 bar)
" Custom
Cancel | QK |
Figure 3
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3.4 Click on “OK” to continue.

Specification of chemical components

4.1 Now click on the “Flow sheet” drop down menu and select “Simulation”.
4.2 Click on “Thermophysical” and select “Component List”.
4.3 Search for ethanol and list as the first component because it is more volatile.

Click to add.

4.4 Search for n-propanol and click to add.
4.5 If initial search does not yield the desired chemical, click on next to continue the
search. A sample diagram is given below.

Eil - Component Selection -

Selected Components

Component [atabank

| 134 Ethanol

141
14z
14z
143
143
144
145
145
145
146
146

Ethyl Formate COHE0Z -]
Methyl hcetate C3HAO0Z2 By
Methyl Methanoate C3HeOZ2
Propanoic Acid C3HeOZ
Propionic Acid C3HAOZ
Dimethylformanide C3H7HO
Isopropatol C3HE0
Z2-Propanol CZHE0
Isopropyl Alcohol C3HS0
1-Propanol C3Hs0
N-Propyl Alcohol C3Hs0

Inzert |

Copy components fram anather job.

N-Propanol

Search for I Mext |

Cancel | Ok |

Figure 4

4.6 Once all components have been added, click “OK.”
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4.7 The following box shown below will appear. Maintain the default specifications
and click “OK.”

E' - Thermodynamic Suggestions - il

Thermodynamics Wizard

The zelection of thermodynamic models iz bazed on the
component class. data availibility s well az the T/F operation
range of the process. Use the suggestions of the expert spstem
az a guide anly

Fleaze enter the temperature/pressure range of the process:

¢

100 C

|1 atr
I'I 0.2089 atrm

r—

Cancel | K |

Temperature Min
Temperature M ax
Prezzure Min

Prezsure kax

Bip data threzhhold

Figure 5

4.8 Next a box showing the K-value options will appear. Select the “Wilson” option
as shown below and click “OK.”

X
Global K Yalue Dption Global Phaze Optior:
e = & Yapm/Liguid/Salid
UMIGLALT - . ; : :
LUNIQUALC £ UMIFALC " apor/LiguidfLiquid/Salid
SRE
il | W aterHudrocarbon Solubilit:
= | & Miscible
Yapor Phase Association: = Immizcible
¢ Mo'apor Phasze Sssociation wadilzon madel salt |<Nnne> ﬂ
" \'apor Phase Association
Mo, of BIP zets I‘l
Y apor Fugacity/Poynting Corection: Default BIF st |1—
" Corection
% Mo Corection I™ Clear all local K. madels/BIP:
SAK/PR Alpka finction [~ Setlocal K models/BIF:
£ Standard SRK/PR [ Feethagipifs
" Baston-M athiss extrapolation I Set Heny components
Help | Optionz in gray are hot apphcable for this k value option i | K |
Figure 6
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4.9 The next box that appears is shown below. Maintain the default settings and click

‘LOK”.
x|
Fill Matris by : | |UNIFACYLE >|  Comp List | Cancel | oK |
[ J Aij Aji
1 1 2 102671 -40.5745
Figure 7
5. Entering feed stream compositions
5.1 Double click on stream number “1”.
5.2 For stream name enter “feed” and specify the following values for the
temperature, pressure, total flow and mole fractions of ethanol and n-propanol.
rdtsreams x|
Flazh | Comp Ligt | Cancel | (] |
Stream Ho.
Stream Mame feed
Temp a0
Pres atm 1
“apoar Fraction 0
Enthalpy Jimin
Total flow 35
Total flowe unit mialimir
Comg unit mole frac
Ethanol 05
M-Propanaol 0s
Figure 8
5.3 Click “Flash” button located in upper left corner.
5.4 Click “OK”.
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6. Entering SCDS Column Specifications

6.1 Double click on “SCDS column”.

6.2 A screen showing the specifications for the column will appear. Under the tab
labeled “General” specify the values as outlined within the red box below. For
Subcooled delta T, enter 32.2 C. For the number of stages enter 6, and for the

feed stage for stream 1 enter 2.

B8 - 5CDs Distillation Column -

B

General Specifications | Convergence | Cost Estimation 1 | Cost Estimation 2 |
General Model Parameters o 1
Condenser type IU Total or none ;I
Subcooled delta T 324 C Simulation model | Requiar YLE model i |
Top pressite alln For condenser with decant:
Coirlpeddinp I <] Upper layer fraction to decart (alpha) I
Celmipiesedion I st Loweer laver fraction to decant (heta) I
Fiefiux pump press. I atm
[~ Check here for reactive distillation
Bottom pump press. l atrn
Optional three phase control:
Mo. of stages IB

[T Use local three phaze model

Feed stages: Three phase stage from I—
Feed stage for stream 1 |2— e I—
Ambient Heat Transfer
Heat transfer arealstage |_’ ft2
Heat transfer coeff. (U] |— Btuhr-ft2-F
Ambient temperature I_ C
Help I Cancel | 0K

Note:

Figure 9

1. Actual number of stages is 6, consisting of 4 trays plus a condenser and a reboiler.

2. The “Subcooled delta T” is the temperature difference between the bubble point
of the liquid on the top stage (i.e., the condenser) and the temperature of the reflux
return stream. For example, suppose the distillate has a composition of xp =
0.716. The bubble point of this stream can be found using CHEMCAD to be 82.2
C. Suppose the reflux stream is at 50 C. Then the “Subcooled delta T” is 82.2 C -
50 C =32.2 C. [Itis emphasized that this feature is different from the Subcooled
temperature box in the TOWR module. In TOWR one just enters into the box the
temperature of the reflux stream, or in this example 50 C.]
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6.3 Under the tab labeled “Specifications” enter the following options, a diagram is

given below.
E#'sCDs Distillation Column - x|
General | | Convergence Coozt Estirmation 1 Cost Estimation 2
Heat and Material Balance Specifications |EE
Londerzer mode: Specihicatian
|1 Reflus ratia (R/D) =l Jos
Select reboiler made: Specification
|2 Fieboiler duty, positive | I?EUDE‘ Jdmin
—Dptional Tray Specification
Adjust the specification for ID. Mone VI
until the |D. Tray 'I Tray I
Yanable I 0=None j
Phase |E|. Liquid 'I
iz equal to a zpecified value of
[r—
Help | Cancel | 0K
Figure 10
6.4 For “Condenser mode”, initiate drop down box and select “1 Reflux ratio (R/D)”.
6.5 Tab to specifications and enter desired ratio “0.5”.
6.6 For “Reboiler mode”, initiate drop down box and select “2 Reboiler duty
positive”.
6.7 Tab to specifications and enter desired amount "78,000" J/min, which
corresponds to 1300 W.
6.8 Click “OK” to continue.
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7. Warnings

7.1 After clicking “OK” a CHEMCAD message box will display several warnings.
7.2 The figure below shows acceptable warnings. Disregard the warnings and click
“Yes” to continue.

BF' - CHEMCAD Message Box - . x|

IMPUT DATA CHECKIMG .. ;I
Wwharning: SCOS 1 Mo distillate estimation

W'arning: SCOS 1 Mo reflus rate estimation

Wharning: SCOS 1 Mo top T estimation

Wwarning: SCOS 1 Mo baottom T estimation

Mo, of errorz = 0, Mo, of wamings = 4

W armings found in input data ..

" o

Lo pou wizh to continue 7

Figure 11

7.3 Should an error or additional warnings be displayed; this will need to be
addressed on a separate basis.

8. Running Simulation

8.1 Click on the “R” in the upper left corner to run the simulation.
8.2 After it has finished, each stream number may be clicked on to view the final
compositions.

9. Results
9.1 Double click on Stream 2 and type “Distillate” for the stream name.
9.2 Double click on Stream 3 and type “Bottoms” for the stream name.

9.3 To set the units of each stream for the results, click on the “Results” tab at top,
and choose “Set Flow Units”. Choose mole fractions for the flow units.
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¥iew Flow Rate Unit - ll

— Unit Selection

ole
Mazz
Std. Liquid % ol.

Std. Liguid %ol. Fractions
Std. Wapor Yol. Fractions
Moale %

Mass %

Std. Liquid Wol. &

Std. Wapar Wal. %

Mole ppm
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Std. Liquid %ol ppr
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CISC R KR REU NS W RRC REU I W EReRE” U W EC K

Cancel I (]9 |

Figure 12

9.4 Click “OK” to continue.

9.5 To generate a report of various types of results, click on “Results” on the top
menu bar, follow the drop down to the preferred selection A diagram is given
below:

5. CHEMCAD 5.5.0 - [F:"My Documents'Unit Op2%,SCDS column®scds column®,scds column.ccx]

"1 File Edit View Format Mode ThermoPhysical Specdfications Run | Resulks Plob Output  Sizing  Tools  Wwindow  Help

D= *|=2 S| %S e & h|E] [ goetton s v lulel Bl
: Skrearm Compositions Seleck Streams
Streamn Properties 5
1nit Op's Feed Streams
Topology Product Streams
Thermodynamics Unit: Streans

Tower Profiles

Tray Compositions

Tray Properties

Tower Mass Transfer
@ Distillate Distillation Curves

Bakch Results
Particle Size Distribution
Convergence

DymarnicCo|umn Histors:
Eyrianiic Strear Hiskorsy
Eryranie Lnitem Histary:

Figure 13
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9.6 The results are generated in a word pad document. Results for the “Stream
Compositions” are displayed below:

scds_columni - WordPad

File Editl'n.-'iew Insert Formatk  Help

DzE S @l o=@ B

IEDmierNew jl'l[l j ﬂl?flﬂlé@llgélél EE|
R R O

g'"!"'1'"!"'2"'!"'3 Sl
CHEMCAD 5.5.0 Page 1
Job Hame: scds column Date: 1270772005 Time: 05:08:30
Stream Ho. 1 2 3
Stream Hame feed distillate hottoms
Temp ¢ 50.0000* 49,9813 87.1463
Pres atm 1.0000% 1.0000 1.0000
Enth J/min -1.0033E+006 -2.60666E+005 -7.21838E+005
Vapor mole fraction o.o00000 0.00000 0.00000
Total gmol/min 3.5000 0.9475 2.5525
Total g/fmin 185.7888 47.4302 138.3586
Total std L £t3/fhr 0.4895 0.1255 0.3641
Total =td ¥ =cfh 166.22 45.00 121.22
Component mole fractions
Ethanol 0. 500000 0.715726 0.419918
H-Propanol 0.500000 0.284274 0.580082
Figure 14
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9.7 When requesting the remaining types of results, make sure to specify the unit
operation number for the corresponding results. Results for the “Unit Op’s” are
displayed below:

File  Edit

Wigw Insert Format Help

| 2| s 2=lelo] &

Il:uutier Mew ﬂ I'IEI ﬂ

-[e ~|ulg|[E
s Did g ded sd D i

E"'!"'1"'!"'?"'!"'3 3 L A
CHEMCAD 5.5.0 Page 1
Jobh Hame: scds column Date: 1270772005 Time: 05:11:00
Scds Rigorous Distillation Summary
Egquip. Ho. 1
Hame
Ho. of stages 6
1zt feed stage 2
Subcooled delta T C 32.2000
Condenzer mode 1
Condenser spec 0.5000
Reboiler mode 2
Rehoiler spec. T8000.0000
Calc Cond duty J/min -63251.8789
Calc Reblr duty J/min 78000.0000
Calc Reflux mole 0.4738
{gmol/min}
Calc Reflux ratio 0.5000
Calc Reflux mass 23.7151
{g/min)
Figure 15
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9.8 Results for the “Tower Profiles” are displayed below:

File Edit “iew Insert Format

B scds_columnz - WordPad

Help

D= SR s &l=@l-|

|Cu:uurier Mew j |1EI j

sl[m ~u|gf[E =]
Lo i i o g bt o

g- L E e I A | e 3 5] 1 [ E (|
CHEMCAD 5.5.0 Page 1
Job Hame: scds column Date: 127072005 Time: 05:20:12
Unit type : SCDS Unit name: Eqp # 1
* Het Flows *
T emp Pres Ligquid Yapor Feeds Product Duties
Sty C atm gmol/min gmol/min gmol/min gmol/min J/min
1 50.0 1.00 0.47 0.95 -6.325E+004
2 g4.9 1.00 4.50 1.42 3.50
3 g4.9 1.00 4.50 1.95
4 g5.1 1.00 4.50 1.95
5 85.7 1.00 4.48 1.94
6 87.1 1.00 1.93 2.55 7.8E+004
HMole BReflux ratio 0.500
Figure 16
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9.9 Results for the “Tray Compositions” are displayed below:

CHEMCAD 5.5.0
Page 1

Job Name: scds column

Date: 12/07/2005

Time: 05:24:24

Unit type : SCDS Unit name: Eqp # 1
Stage # 1 49.98 C 1.00 atm

V Mole frac L Mole frac Y/X
Ethanol 0.00000 0.71573 0.00000
N-Propanol 0.00000 0.28427 0.00000
Total gmol/min 0.0000 0.4738
Stage # 2 84.89 C 1.00 atm

V Mole frac L Mole frac Y/X
Ethanol 0.71573 0.54656 1.30951
N-Propanol 0.28427 0.45344 0.62693
Total gmol/min 1.4213 4.5018
Stage # 3 84.94 C 1.00 atm

V Mole frac L Mole frac Y/X
Ethanol 0.71238 0.54242 1.31334
N-Propanol 0.28762 0.45758 0.62856
Total gmol/min 1.9494 4.4999
Stage # 4 85.14 C 1.00 atm

V Mole frac L Mole frac Y/X
Ethanol 0.70298 0.53087 1.32419
N-Propanol 0.29702 0.46913 0.63314
Total gmol/min 1.9475 4._.4955
Stage # 5 85.69 C 1.00 atm

V Mole frac L Mole frac Y/X
Ethanol 0.67663 0.49941 1.35485
N-Propanol 0.32337 0.50059 0.64598
Total gmol/min 1.9430 4.4837
Stage # 6 87.15 C 1.00 atm

V Mole frac L Mole frac Y/X
Ethanol 0.60448 0.41992 1.43951
N-Propanol 0.39552 0.58008 0.68184
Total gmol/min 1.9313 2.5525

Figure 17
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9.10Results for the “Tray Properties” are displayed below:

CHEMCAD 5.5.0

Page 1
Job Name: scds column Date: 12/07/2005 Time: 05:26:15
Unit type : SCDS Unit name: Eqp # 1
LIQUID Actual Actual Thermal
Surface
Average vol rate density viscosity conduct.
tension
Stg g/min mol wt Ft3/hr 1b/ft3 cP Btu/hr-ft-F
dyne/cm
1 24 50.06 0.07 47.95 0.7918 0.091
20.451
2 236 52.43 0.68 45.98 0.4678 0.085
17.719
3 236 52.49 0.68 45.98 0.4681 0.085
17.723
4 237 52.65 0.68 45.98 0.4685 0.085
17.727
5 238 53.09 0.68 45.98 0.4695 0.085
17.738
6 138 54.21 0.40 45.97 0.4711 0.084
17.758
Stg Lig H
J/min
1 -1.3333e+005
2 -1.2618e+006
3 -1.2617e+006
4 -1.2615e+006
5 -1.261e+006
6 -7.2188e+005
VAPOR Actual Actual Thermal
Average vol rate density viscosity conduct.
Compr.
Stg g/min mol wt Fft3/hr 1b/ft3 cP Btu/hr-ft-F
factor
1 0 0.00 0 0.0000 0.0000 0.000
0.000
2 71 50.06 86 0.1088 0.0102 0.012
0.978
3 98 50.10 119 0.1089 0.0102 0.012
0.978
4 98 50.24 119 0.1091 0.0102 0.012
0.978
5 98 50.60 118 0.1098 0.0101 0.012
0.977
6 100 51.62 118 0.1115 0.0101 0.012
0.977
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St Vap H
J/min

0
-3.3674e+005
-4.6196e+005
-4.6182e+005
-4.6161e+005
-4.6114e+005

«Q

OO WNE

Figure 18
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