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Problem Definition




Flow Sheet for Methanol Recovery Column:
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Feedstock Characterization:

» Feedstock compositions are as:

Feedstock Characterization

Flow, Kg/hr 554

Flowrate (Kg/hr) Flowrate (K-mole/hr)
Methanol 227 7.09
Water 227 12.62
Temperature (°C) 35.00
Pressure (Kg/cm?G) <1.0
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Product Specifications:

» Final target of the methanol recovery column is to
recovery 98% of methanol as a column top product.

» Distilled methanol purity at column top is 99.8 % by mole.

» Methanol content at column bottom should be less than
1.0 % by mole.




Selection of Proper Thermodynamic Model:

» The objective of this column is to obtain a purified methanol product at
column top and demethanolized stream as a bottom product before

releasing into the environment.

Feed Characterization
CH3OH 50 wt %
Water 50 wt %
Temp. 20°C
Press. 1.0 Kg/cm?2G
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Results of Waste Water Releasing Simulation:

» Three thermodynamic models were tested with the ‘Rigorous’ column
model for the same theoretical number of stages & reflux ratio.

Property Model Mole Fraction
Methanol in Bottoms
|deal Raoult’'s Law 8,000 ppm
SRK (EOS) 10 ppm
NRTL (with BIP’s) 152 ppm

Q: Which thermodynamic model is most suitable for this simulation?
A: The best answer is NRTL !l

Why?....

FUON4,
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|deal Raoult’'s Law:

Vapor Mole Fraction METHANOL

0.0 0.2 0.4 0.6 0.8 1.0

Liquid Mole Fraction METHANOL

0ot

&
I KONGJU NATIONAL UNIVEF\‘SITY‘

@Chenlcal Process Research Lab.
N - Kongju National University




SRK Equation of State:

Vapor Mole Fraction METHANOL

0.0 0.2 0.4 0.6 0.8 1.0

Liquid Mole Fraction METHANOL

Qc mical Pro yoh Lab.
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NRTL Liquid Activity Coefficient Model:

Vapor Mole Fraction METHANOL

0.0 0.2 0.4 0.6 0.8 1.0

Liquid Mole Fraction METHANOL
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Shortcut Modeling
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Shortcut Modeling Using PRO/II with PROVISION:

il
J
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Step 1: Units of Measure

Initialize Units of Measure from UOM Library

Initialize from:

METRIC-S5ET1

OF.

Cancel

Choose a et from the zets defined in the LIOM library

@_ Chemical Process Research Lab.
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WARMIMG: The selected set will overide all the current default unitz of measure

| e L || PR ) e 3 Ll L U i V) e = L

Temperature:
Pressure:
Tirne;

Wweight [wt ]
Liquid “olurme:

W apar Valurme:

Specific Liquid ' olurme;

Specific Y apor Yolume;

Liquid Drensity:
Wapar Denzity:
Petraleurn D ensity:

Prezzure Gauge Basis:

| Celziuz

| Kilagrarncentimeter ™2

|H|:|ur

| K.ilogram

| b eter™3

| Meter™3

|Li|:|ui|:| wolurnestdalar vt

|‘»-’a|:u:|r wolurne b alar vt

|Weight.-’Liquil:| wolume

|WeightNapDr volume

|same az liquid denszity

KN | KN | KN | W { KN | KN | KN | KN | K| KN | KN

1.0332| ka/cm2

Standard Wapor Conditions... |

1]3

Energy:
Druky:

Wwhark:
Length:

Fine Length:

Heat Trang. Coefficient:

Faouling Coefficient:
Wizcosity:

Kinematic Yizcozity:
Thermal Conductivity:

Surface Tenszion:

ruhlem Data Input

Initialize from U0 Librany. . § |

| Filozalone

| Erergy/Time

|Ki||:|watt

| b eter

| Milimeter

| Kilocalonehour-m™2-K

| Hour-meter™2-Ckcal

| Centipoize

| Centiztoke

| Filacalanehaur-m-C

| Dyrnedcentimeter

KN | K| KN | W { KX | K0 | K | KN | K KN | KN

TP and BYF Conditions...

Cancel |

Override current units of meazure by units of meazure defined in library
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Step 2: Component Selection

SIMSCI - Component Selection

Help Overview

Component Selection

Fram Systemn or zer-generated Databank,

Statuz M aotes

Component: |
Select from Lists... |
Petraleur. .. | |zer-defined. .. | Palyrer... |
Databank Hierarchy... I | Component Phases... I

1] 8

Lizt of Selected Components:

METHARDL
H20

Cancel

Enter the name of the desired component

R eorder List

|
JRTT
_ Do |
__Boton_|
_ oeke |
_ferome..|

Kongju National University

@_ Chemical Process Research Lab.

15

) 28 2T

KONGJU NATIONAL UNIVERSITY



Step 3: Thermodynamic Data Selection

SIMSCI - Thermodynamic Data

Selection of Property Calculation System
Categary: Prirnary kethod:

bzt Cormmonly zed ”
Al Prirnary Methods =
E quationz of State

Generalized Comelations —
Special Packages
Electralyte

Reqular Salutian
* | |Flor-Huoaging

Actions for Selected Property Calculation System

Maodify... Delete |

0K, |

Help Overview Status| Motes

Defined Systems:

B Add -» |

Default System:
v [NRTLOT ||

Rename... |

Cancel

Select a primary thermodynamic method for the spstem

@Chemical Process Research Lab. 16
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Step 4: Stream Data

PRO/Il - Stream Data

Help
Strean: |S1
T Unit; SCM
Stream Type

| D escription;

Dveryview

Status

MHotes

Help

Composition D efined |

Petroleurn Azzay

Flawrate and Composition. ..

Referenced to Stream
Solids Only Stream

Stream Solids Data...

Specify flowrate and composition for stream
Fluid Flavarate Specification

Stream Polymer Data...

Stream Data - Flowrate and Composition

* Tatal Fluid Flowrate:

454.00 kg/hr

" Individual Compornent Flowrates

T hermal Conditian

First Specification:

| Temperature

=] | 20.00 ¢
Second Specification:
|F'ressure |L| | 'I.EIEIEIEIl ate

Thermodynamic System:

|Determined From Connectivity

| Cance

Exit the window after zaving all data

@ Chemical Process Research Lab.
Kongju National University

Compaotient Compazitian
b azz
METHAMOL 227 10
H20 227.00
Clear Composzitions | Total: 454.00
| ok | Cancel

v Mormalize Compaonent Flowrates
Bazed on Specified Fluid Flowrate

E sit the window after zaving all data
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Step 5: Shortcut Distillation

PROYIl - Shortcut Distillation

Help Owerview  Statug Motes
Condenser/Reboiler Urit: | SO |
/q\—l"[ i D escription:
h—  L— Shortcut Simulation |

Minimum Reflux

T hermodynamic Suztem: |Default [MRTLOT) |L|

Specifications b asirmurm Murber of Trials:

Shartcut Maodel, | Caorventional |L|
F enske E stimates
\Tj T
Products o
nE: I Cancel

Exit the window after zaving all data

) 28 2T
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Step 5: Shortcut Distillation

ShortCut Distillation - Condenser/Beboiler

Help Dveryview

[v Colurmn with Condenzer

Condenzer Type
" Partial

£ Mixed

ShortCut Distillation - Specifications

" Bubble T t i
ubble | emperature Help Owerview

(" Subcoaled, Fised Temperature |

i Specifications:
f* Subcooled, Fised Temperature Drop | B

45.000|1 C

SCISPECT - Stream 52 Compozition of component H20 on a et baziz in Male fraction =
1 0.007 0000 within the default tolerance

[v Colurnn with ReboilerFor PFD Dizplay purposes anly] 5 SED1 SD1PDE|£:DED = _ﬁ:_reatﬂ'l SdS fI:nzn||'|t'||t:n:isitin:|r'| of compotent METHANOL on & 'Wet basiz it Mass fraction
=0 withir the default tolerance

| 0k | Cancel |

E it the window after zaving all data

0K I Cancel

Exit the window after zaving all data

T it g 19 S 2 ax[poty
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PRO/II Keyword Input File for Shortcut Distillation

TITLE
PRINT INPUT=ALL,RATE=M,WT,FRACTION=M,WT ,PERCENT=M,WT
DIMENSION METRIC, PRES=ATE
COMPONENT DATA
LIBID 1,METHANOL/2,H20
THERMODYNAMIC DATA
METHOD SYSTEM=NRTL, TRANSPORT=PURE
STREAM DATA
PROP STRM=S1,TEMP=20,PRES=1.0,RATE(WT)=454,COMP(WT)=1,227/2,227
UNIT OPERATIONS
SHORTCUT UID=SCD1, NAME=Shortcut Simulation
FEED S1
PRODUCT STREAM=S2, RATE(WT)=227, PHASE=L, PRESSURE=0.1
PRODUCT STREAM=S3, PHASE=L, DP=0.3
CONDENSER TYPE=DTB, DT=45
EVALUATE MODEL=CONV, TRIAL=50, KEYLIGHT=1, KEYHEAVY=2, RRMIN=2
FINDEX 2
SPEC STREAM=S2,FRACTION, COMP=2,WET, VALUE=0.001
SPEC STREAM=S3,FRACTION(WT), COMP=1,WET, VALUE=0.01
END

FONG
@ Chemical Process Research Lab. 20 & A\ iﬂ X [Hbl'm
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PRO/II Output Summary for Shortcut Distillation

------------- TOTAL STREAM RATES —————————————

MOLES WEIGHT LIQUID VOL NORM VAPOR(1) NUM

STREAM + PHASE KG-MOL/HR KG/HR M3/HR M3/HR SECTION TRAYS
S2 L 7.02 224 .84 0.28 157.35 1 7.27
S3 L 12.67 229.16 0.23 283.88
TOTALS 19.69 454.00 0.51 441.22 (.27
SPECIFICATIONS

PARAMETER COMP.. SPECIFICATION SPECIFIED  CALCULATED

TYPE NUM TYPE VALUE VALUE

STRM S2 2 MOL FRACTION 1.000E-03 1.000E-03
STRM S3 1 WT FRACTION 1.000E-02 9.998E-03

SUMMARY OF UNDERWOOD CALCULATIONS

MINIMUM REFLUX RATIO 0.55642
FEED CONDITION Q 1.16541
FENSKE MINIMUM TRAYS 7.27097

@ =2 3z
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PRO/II Output Summary for Shortcut Distillation

STREAM 1D
NAME
PHASE

FLUID RATES, KG-MOL/HR
1 METHANOL
2 H20

TOTAL RATE, KG-MOL/HR

TEMPERATURE, C
PRESSURE, ATE
ENTHALPY, M*KCAL/HR
MOLECULAR WEIGHT
MOLE FRAC VAPOR
MOLE FRAC LIQUID

@ Chemical Process Research Lab.
Kongju National University

S1

LIQUID

7.0845
12.6006

19.6851

20.0000
1.0000
7.1668E-03
23.0632
0.0000
1.0000

22

S2

LIQUID

7.0129
7.0221E-03

7.0200

21.9051
0.1000
2.8564E-03
32.0280
0.0000
1.0000

S3

LIQUID

0.0715
12 .5936

12.6651

108.3561
0.4000
0.0248

18.0942
0.0000
1.0000

® g 330
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Determination of Optimum Number of Tray:

Theoretical Tray: 16 -

30 [

f | + Condenser 1 + Reboiler 1 -
20 / .
10 | \\ ;

Theoretical Number of Tray

0 1 2 3 4
Reflux Ratio
GE Chemical Process Researc h Lab. SN X
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Rigorous Modeling
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Rigorous Simulation Using PRO/Il with PROVISION:

© =
=———s1
w =
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Step 6: Rigorous Distillation

PROSN - Column

Statuz Maotes

Uit [To1

Description:

Mumber of Stages: |

Mumber of lterations: |

Algarithr; Calculated Phazes:

| Inzide-Out |L| |‘-.J'a|:u:|r-Liquid

| Frint Options. ..

Cancel

Help Owerview
Pressure Condenser. ..
Profile. ..
Feeds — 1] — Heaters and
and 4 Coolers
Products... Tray jb@n
C Hydraulics/s itial
ONYENJence — nitia
Data... F"a-:l:km = Eztimates...
Tray
Thermo- Efficiencies... Pumparounds
dynamic —_—
Systems. ..
Rebaoiler. .. — E‘erfu_lfr_nang::e
pecifications
S r
Exit the window after zaving all data

@ Chemical Process Research Lab.
Kongju National University
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Step 6: Rigorous Distillation

Column - Specifications and Yariables

Help Owerview
Iv Add Specifications and Yarables

S pecifications: Achive:
COL1SPECT - Sheam 52 Composition of component H20 on a 'Wet basis in Mole fraction = [w

1 0.0070000 within the default tolerance
COLTSPECE - Stream 53 Compozition of cormponent METHAMOL on a 'wet basis in M azs r

2 fraction = 0.0010000 within the defaulk tolerance

Wariables:
1 | Colurnn TO1 Duty of Heater COMDEMSER
2 | Colurnn TOT Dty of Heater REBOILER

The number of active specificationz, £ equals the number of Yanables, 2

Inzert S pecification ariable | Inzert Inactive Specification | | i |

| | Cancel |

E sit the window after zaving all data

) 28 2T
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PRO/II Keyword Input File for Rigorous Distillation

TITLE DATE=04/09/05
PRINT INPUT=ALL,RATE=M,WT,FRACTION=M,WT, PERCENT=M,WT
DIMENSION METRIC, PRES=ATE
COMPONENT DATA
LIBID 1,METHANOL/2,H20
THERMODYNAMIC DATA
METHOD SYSTEM=NRTL, TRANSPORT=PURE
STREAM DATA
PROP STRM=S1,TEMP=20,PRES=1.0,RATE(WT)=454,COMP(WT)=1,227/2,227
UNIT OPERATIONS
COLUMN UID=TO1
PARAMETER TRAY=18,10=100 DAMPING=0.4
FEED S1,9
PRODUCT OVHD(WT)=S2,227, BTMS(M)=S3
CONDENSER TYPE=TFIX, PRESSURE=0.1, TEMPERATURE=45
DUTY 1,1,,CONDENSER/2,18, ,REBOILER
PSPEC PTOP=1.2, DPCOLUMN=0.2
ESTIMATE MODEL=CONVENTIONAL, RRATI0=3
SPEC STREAM=S2,FRACTION, COMP=2,WET, VALUE=0.001
SPEC STREAM=S3,FRACTION(WT), COMP=1,WET, VALUE=0.01
VARY DUTY=1,2
REBOILER TYPE=KETTLE
END

® g 330
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Column Summary:

COLUMN SUMMARY

—————————— NET FLOW RATES -—-—-—-————-- HEATER
TRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIES
DEG C ATE KG-MOL/HR M*KCAL/HR
1C 45.0 0.10 57.9 7.0L -0.5814
2 85.5 1.20 64.2 64.9
3 85.7 1.21 64.2 71.2
4 85.9 1.23 64.1 71.2
) 86.2 1.24 64.0 71.2
6 86.6 1.25 63.9 71.1
7 87.2 1.26 63.5 70.9
8 88.4 1.27 62.7 70.5
9 90.5 1.29 86.0 69.8 19.7L
10 90.7 1.30 86.0 73.3
11 90.9 1.31 85.9 73.3
12 91.3 1.33 85.8 73.3
13 92.0 1.34 85.2 73.1
14 93.6 1.35 83.9 72.6
15 97.8 1.36 80.9 71.3
16 107.8 1.38 /7.6 68.3
17 119.9 1.39 77.1 64.9
18R 124.8 1.40 64.5 12.7L 0.6088

@ =2 3z
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Finding Optimal Feed Tray Location
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Finding Optimum Feed Tray Location:

f
{

@ =2 3z
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Column Summary: Optimization

COLUMN SUMMARY

—————————— NET FLOW RATES -—-—-—-————-- HEATER
TRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIES
DEG C ATE KG-MOL/HR M*KCAL/HR
1C 45.0 0.10 15.6 7.0L -0.2026
2 85.5 1.20 17.3 22.6
3 85.7 1.21 17.3 24 .3
4 85.9 1.23 17.3 24.3
) 86.1 1.24 17.3 24.3
6 86.4 1.25 17.3 24.3
7 86.7 1.26 17.2 24.3
8 87.0 1.27 17.2 24.3
9 87.5 1.29 17.1 24.2
10 88.2 1.30 17.0 24.1
11 89.2 1.31 16.8 24.0
12 90.6 1.33 16.6 23.9
13 92.9 1.34 16.2 23.6
14 96.6 1.35 15.7 23.2
15 102.1 1.36 37.8 22.7 19.7L
16 111.4 1.38 37.0 25.2
17 120.8 1.39 37.0 244
18R 124.8 1.40 24.3 12.7L 0.2301

@ =2 3z
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Material Balance: (1)

STREAM 1D
NAME
PHASE

FLUID RATES, KG-MOL/HR
1 METHANOL
2 H20

TOTAL RATE, KG-MOL/HR

TEMPERATURE, C
PRESSURE, ATE
ENTHALPY, M*KCAL/HR
MOLECULAR WEIGHT
MOLE FRAC VAPOR
MOLE FRAC LIQUID

@ Chemical Process Research Lab.
Kongju National University

S1

LIQUID

7.0845
12.6006

19.6851

20.0000
1.0000
7.1668E-03
23.0632
0.0000
1.0000

33

S2

LIQUID

7.0129
7.0199E-03

7.0200

45.0000
0.1000
6.0555E-03
32.0280
0.0000
1.0000

S3

LIQUID

0.0715
12 .5936

12.6651

122.1405
1.2090
0.0280

18.0942
0.0000
1.0000

® g 330
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Material Balance: (2)

STREAM 1D
NAME
PHASE

FLUID MOLAR PERCENTS
1 METHANOL
2 H20

TOTAL RATE, KG-MOL/HR

TEMPERATURE, C
PRESSURE, ATE
ENTHALPY, M*KCAL/HR
MOLECULAR WEIGHT
MOLE FRAC VAPOR
MOLE FRAC LIQUID

@ Chemical Process Research Lab.
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s1
LIQUID
35.9890
64.0110
19.6851

20.0000
1.0000

7.1668E-03

23.0632
0.0000
1.0000

34

S2

LIQUID

99.9000
0.1000

7.0200

45.0000
0.1000
6.0555E-03
32.0280
0.0000
1.0000

S3

LIQUID

0.5647
99.4353

12.6651

122.1405
1.2090
0.0280

18.0942
0.0000
1.0000

® g 330
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Valve Tray Sizing
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Overall Tray Efficiency:

Notes:
1) Based on 54 refinery columns. s
2) Viscosity is average of feed %!
as liquid at top & bottom X ol
temperatures of the column. cc>>‘ 11
3) For Absorbers, use rich oil at é or Efficiency: 52%
exit temperature. Ui 60
4) Efficiency is for key components. I‘_i’ N
©
1 Tran. Am. Inst. Chem. Engrs, 39, g or
319 (1943). 0l
eedstock Avg Viscosity, cp
u=0.26cP

0ot

&
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Valve Tray Sizing:

o)

619 mm x 30 = 18,570 mm

H
N
(3}

H
N
(=]
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Revamping of Tray into Packing:

> Revamplng of Trays into Packing Type:

Tray typ 1280 = downcomer(Liquidt column SIE=Z W&t )
'='E° ’*I ST MigtE ®=L.

e OJHZ Packing typelE HHSIH downcomerlt A1l MEC M= &3F°I
Eq”q

o Tray9 L BTt Ao|Q ItHOl Tray spacing® 460mm~610mm I,
Packing®l 8%°= °lEHs Bt HOf 3iTdt= &M Packing height?l
HETP 200 ~ 450mm (%1 T719IME 350 mm HME)FECIBE, TrayolN
Packing@= ulHStH 1[Z Column® TSN H4 12471 A HEC
g YAz Q18 A A2 iE HE £ RO

 Sieve tray® L Packing material®| T1HO| H[M 1l SIA| 0t S 53 CfH|=
oL,

o YA FUTIME 10~30% FJLE 2 4 oLz

4N 11 Ol4i°l HE 7 °":l

@ =2 3z
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Rigorous Simulation: Packing °|2H4 £
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Column Summary: Optimization

COLUMN SUMMARY

—————————— NET FLOW RATES -—-—-—-————-- HEATER
TRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIES
DEG C ATE KG/HR M*KCAL/HR
1C 45.0 0.10 234.3 224 8L -0.127/8
2 85.5 1.20 259.7 459.2
3 85.6 1.21 259.5 484 .5
4 85.6 1.21 259.3 484 .3
27 91.4 1.32 218.0 448.3
28 92.2 1.33 211.8 442 .8
29 93.1 1.33 205.0 436.7
30 94.1 1.34 197.7 429.9
31 95.3 1.34 190.0 422 .5
32 96.5 1.35 182.3 414.8
33 97.8 1.35 737.1 407.2 454 0L
34 97.9 1.36 736.7 507.9
35 98.0 1.36 735.2 507.5
36 98.2 1.37 730.8 506.1
37 98.9 1.37 717.9 501.6
38 100.6 1.38 684.3 488.8
39 105.2 1.38 620.1 455.1
40 113.7 1.39 559.1 390.9
41 121.4 1.39 533.5 330.0
42R 124.8 1.40 304.3 0.1553

@ Chemical Process Research Lab. 42 5 AR iﬂ X [Hbl'm
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Conclusions
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Revamping of Tray into Packing:

> =-HEZ 25 &35 2 24
o 70 AHT| heat dutyTt 0.6088x10° kcallh OUOL, UE FeICte)
SINE NM}BIo| 0.2301x10°8 keallh 2 EHOH, THA| Valve tray°lA

Structured Packingl= BHEZ2=M 0. 1553x108 kcal/h THA| £ 4

M.

G’E » Chemical Process Researc h Lab. U\QAI‘C%% a zx’ [HBF
2 ‘m Konlgiu National University 44 o < 2 = OT L m
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THANK YOU




