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» Each exiting phase is either:
« recycled to the reactor
e purged from the system
e sent to separate vapor, liquid, or slurry separation
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Reactor effluent: homogeneous phase or heterogeneous
phase

Homogeneous phase ==> change Temperature and/or
Pressure ==> to obtain partial separation of heterogeneous
mixture

Three-phase model considers the possibility that a vapor
may also be present, together with two liquid phases

If solids are present with one or two liquid phases, it is not
possible to separate completely the solids from the liquid
phase(s).

Instead, a centrifuge of filter is used to deliver a wet cake of
solids
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e stripping,

LIQUID SEPARATION SYSTEM

* The liquid separation system involves one or more of
the following separators:
« distillation and/or enhanced distillation,

» liquid-liquid extraction,
e and so on, with the unreacted chemicals recovered in
a liquid phase and recycled to the reaction operation

1

aration methods

Separation method

Characteristic property

Observation

Simple distillation

Simple and azeotropic
distillations
Stripping, L-L extraction

Melt aystallization
Adsorption
chromatography
Membrane permeation
Azeotropic distllation,
Extractive distillation,
L-L extraction
L-L extraction, stripping,
adsorption, crystallization

Relative volatility o

Vapor-pressure
variation
Boiling point

Freezing point
Polarity
Shape and size

Chemical family

Temperature
sensitvity

Use heuristics for sequencing.
Naot feasible if o < 1.1

Check thermal stability of
components

Use stripping and L-L extraction
for thermal sensitive
COMpOnents

Differences larger than 20°C

Pay attention to adsorbent
regeneration

Emerging technology

MEA selection is the main issue.
Recycling of MSA increases the
costs

Recycle of MSA increases the costs




Table 3.11 General heuristics for separation sequencing of liquid mixtures.

1. Remove first corrosive, hazardous, fouling, reactive and any troublesome components.
Consider also in the first place the removal of light-ends.

2. Deliver high-purity products as top distillate. The same is valid for reactants sent o
Teactors sensitive to impurities.

3. When separation by distillation is feasible, prefer it in a first anempt.

4. Izolate zeotropic and azeotropic mixtures,

5. Perform difficult zeotropic separations later, but before azeotropic separations. Examine
other options, such as extractive distillation, L-L extraction, crystallization, adsorption, or
malecular sieves.

6. Examine the separation of azeotropic mixtures last.

7. Remove the components in order of decreasing percentage of the feed. This operation will
reduce the cost of the next separation.

8. Favor 50/50 splits.

ors for Separatio

* Phase condition of the feed
* Separation Factor (SF)

SF=y,Ix,/y,/x,=K ,[K, -

* Reason for Separation
e purification
e removal of undesirable components
* recovery
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. euristico

e Heuristic 9: Separate liquid mixtures using distillation,
stripping, enhanced (exctractive, azeotropic, reactive)
distillation, liquid-liquid extraction, crystallization, and/or
absorption

e Heuristic 10: Attempt to condense or partially condense
vapor mixtures with cooling water or a refrigerant. Then use
Heuristic 9

* Heuristic 11: Separate vapor mixtures using partial

condensation, cryogenic distillation, absorption, adsorption,
membrane separation and/or desublimation
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P Vapor Recovery ana CaET |

Separation System

* on the purge, if significant amount of product is
being lost,

* on the gas - recycle stream, if impurities could
affect the reactor operation,

* on the vapor stream after flash, if both items 1 and
2 are valid,

* does not use vapor recovery if neither item 1 nor 2
are important.




Separation

Table 3.2 Methods used in vapor recovery and gas separations.

Method Characteristic property Condition Observation
Condensation Boiling points Difference in boiling points >40°C or Optimize pressure and temperature
Relative volatility oay>7
Cryogenic distillation Boiling points > 1 Large-scale processes
Relative volatility Remowe first freezable components
Physical absorption Solubility K>4 Optimize P and T

Chemical absorption

Malecular sieving
Equilibrium adsorption
Membrane permeation

Catalytic oxidation

Catalytic hydrogenation

Chemical treatment

Reactive fimction as acid or
base groups

Size/shape
Adsarption coefficient
Perselectivity

Chemical family

Chemical family

Chemical family

Reversible process

Significant differences
Favorable adsorption
Perselectivity greater than 15

Impurities below 109 of the
flarmmability point

Components containing double bound

Selective reaction

Recyde the solvent

Optimize the solvent ratio

Remwowe first fouling components
Remove first fouling components
Remove first fouling components

Danger of dioxine, not for halogenated
organics

Develop selective catalyst

Dry treatment preferred
Recovery of chemical agent

gas treatment.

Hzs,
frace comps
LFG
— | Pre-treatment

Chamical absorption
Equilibrium adsorption

Sulphur

l

Post-treatment

GO?“ CHdI Nﬂl O?

co,

s

CH, N,. 0,

Chemical treatment

Chemical absorption
Physical absorption

Benign emissions
—

Methane

My, Oy

Maolecular sieving




* Gas - separation manager makes use of three
selectors: enrichment, sharp separation, and
purification

* Enrichment consists of a significant increase in the
concentration of one or several species in the
desired stream, although by this operation neither
high recovery nor purity is achieved.

* Condensation, physical absorption, membrane
permeation, cryogenic distillation, and adsorption are
convenient separation techniques.

» Sharp separation consists of obtaining splitting of the
mixture into products with a high recovery of target
components.

* The sharpness is defined as the ratio of key
component concentrations in products. This should
be better than 10.

* Potential techniques are: physical absorption,
cryogenic distillation, molecular sieving, as well as
equilibrium adsorption when the molar fraction of the
adsorbate is less than 0.1.

* Chemical absorption may also be applicable when
the component concentration is low.




it Sequenci

* Purification deals with the removal of impurities with
the goal of achieving very high concentration of the
dominant component.

* The initial concentration of impurity in the mixture
should be lower than 2000 ppm, while the final
concentration of impurity in the product should be
less than 100 ppm.

» Suitable separation methods are equilibrium

adsorption, molecular - sieve adsorption, chemical
absorption and catalytic conversion

sequencing of liquid mixtures.

1. Remove first corrosive, hazardous, fouling, reactive and any troublesome components.
Consider also in the first place the removal of light-ends.

2. Deliver high-purity products as top distillate. The same is valid for reactants sent to
Teactors sensitive to impurities.

3. When separation by distillation is feasible, prefer it in a first attempt.

4, Isolate zeotropic and azeotropic mixtures.,

5. Perform difficult zeotropic separations later, but before azeotropic separations. Examine
other options, such as extractive distillation, L-L extraction, crystallization, adsorption, or
molecular sieves.

6. Examine the separation of azeotropic mixtures last.

7. Remove the components in order of decreasing percentage of the feed. This operation will
reduce the cost of the next separation.

8. Favor 50/50 splits.




Distillation Columns

e The relative volatility between the two selected key
components for the separation in each column is >1.05

e The reboiler duty is not excessive. (low relative volatility ==>
high duty reboiler)

* The tower pressure does not cause the mixture to approach
its critical temperature

e The overhead vapor can be at least partially condensed at the
column pressure to provide reflux without excessive
refrigeration requirements

* The bottoms temperature for the tower pressure is not so high
that chemical decomposition occurs

e Azeotropes do not prevent the desired operation

e Column pressure drop is tolerable, particularly if operation is
under vacuum
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zeotropic mixture

1. Perform difficult separations the last, but before separations of azeotropes.
2. Remove firstly the lightest component one by one as overhead products.
3. Remove components in order of decreasing percentage of the feed.

This operation will reduce the cost of the next separation.
4. Favor near 50/50 splits.




Drrect seguence

Indirect sequence

Mao. Type First split Second split Third split
1 Direct AJBCD B/CD c/D
2 Equal split AB[CD AfB C/D
3 Indirect ABC/D AB/C AJB
4 Direct/indirect AJBCD BC/D B/C
5 Indirect/ direct ABC/D AfBC B/C

{Direct Sequence}

I

{Indirect Sequaence)
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==> Economic

Remove thermally unstable, corrosive, or chemically reactive
components early in the sequence

Remove final products one by one as distillates

Sequence separation points to remove, early in the sequence,
those components of greatest molar percentage in the feed

Sequence separation points in the order of decreasing relative
volatility so that the most difficult splits are made in the
absence of other components

Sequence separation points to leave last those separations
that give the highest purity products

Sequence separation points that favor near equimolar
amounts of distillate and bottoms in each column
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1. Side - stream rectifier: Aand C from main column, B as top
product of side rectifier.

2. Side - stream stripper: A and C as before, but B as bottoms of
side stripper.

3. Prefractionator: separate AB and BC mixtures in fi rst column by
sloppy separation, then take pure components A, B, and C in a side -
stream second column.

4. Side - stream low position: take B as side stream below the
feed.

5. Side - stream high position: take B as side stream above the
feed.




Phase Conditions of The Feed as Criterion

* Vapor feed:
e Partial condensation
e Distillation under cryogenic conditions
e Gas absorption
e Gas adsorption
» Gas permeation with a membrane
e desublimation

* Liquid Feed:
 Flash
e Distillation
e Stripping
» Exctractive distillation
» Azeotropic distillation
e Liquid-liquid extraction
e Crystallization
e Liquid adsorption
» Dialysis, reverse osmosis, ultrafiltration, etc
e Supercritical extraction




Various Phase-Separation Devices
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s

Slurries, wet cake, dry solids

e Filtration
¢ Centrifugation =» obtain a wet cake
* The separated into a vapor and a dry solid by drying

i Sy

Distillation

e Extractive Distillation
¢ Chemically Enhanced Distillation
* Pressure - Swing Distillation




Jumlah Stage dan Feed Stage

SHORTCUT COLUMN
(setelah jumlah fray ketemu baru ke distilasi jenis lainnya untuk simulasi)

@ PRODUK ATAS (METHANOL)
T §4.40
FL.00
FEED W 20080

1

T 20.00

W 1200.00 - 31

T 102.67 .

gl PRODUK BAWAH (WATER)

W 383_Z0
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ortcut Column Specification

| — Shortcut Colurnn (SHOR) - (=]
Select mode: 1=} 1
Select condenger ype: 0 Tatal -
Column pressure 1 atm
Column pressure drop o1 atm
Mumber of stages 13,3493 Case Study
Fieflux ratio MNumber of points
F/Rmin 1.4 Lower bound R /Rmin

Upper bound R /Rimin

Key Component S pecifications
Light key component 1 Methanal - Heawy kep component 2 water -

Light key split 0.999 Heawy key split 0.001

Calculated Results

Condenser duty -1042.17 (NP

Rebailer duty 137118 (NP

Minimurn stages 10.8479 Reflux ratio, minirmum 265379
Feed stage 101745 Reflux ratio, calculated 27152

Help Cancel Ok
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| 4

T 30.00
P 2.00

W 1200.0

]

€4.51
P 1.00
200.15

El

6

T 13Z.€9

T i.10

W 9585

Column
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late Column Specification

TOWR Distillation Column -

C

General

Condenser type

Subcooled temp
Top pressure
Cond press drop

Colm press drap

No. of stages

Feed stages:

Feed tray for stieam

01

20

Specifications

Convergence |

General Model Parameters

Cast Estimation 1

Dost E stimation 2 ‘

D: 2

Help

Cancel ak
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L L P 100

TOWR Distillation Column -

General Specifications

Convergenca Cost Estimation 1

Heat and Material Balance Specifications

Condenser/Reboiler Specifications

Condenzer mode:

1 Reflux ratio [R/D]

Select rebailer mode:

2 Reboier duty, postive -

Specification

378

Specification

137116

MJéh

Press F1for specific Help.

Cost Estimation 2

2

Help

Cancel [al'4
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Propane
089% Recovery

Feed,
37.8°C, 1.72 MPa
km-:-]fhrr

Propane (C,) 45.4
[sobutane (iC,))  136.1
n-Butane (nC,)  226.8
i-Pentane (iC;)  181.4
n-Pentane (nC;) 317.5

907.2

Isobutane
98% Recovery

Separation
Process

n-Butane
98% Recovery

Pentanes
98% Recovery

Example for Separation Heuristics
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Relative Volatility Data

Component pair Approximate ¢ at 1 atm
C./iC, 3.6
iICy/nC, 1.5
nC.iCs 2.8
iCo/nCs 1.35

Solution based on heuristics

Cy
Cy ic,
iC, nC,
nC, | iC;
iC, nC;
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Shortcut Column [SHOR]) -

Select mod

Select candenser type: [oToa =]

. Column pressune |17— MPa

Column pressure drop [ MPa

Murmber of stages [fz7z12 Case Stud,

R eflux ratio I— Mumber of points I—

R /Fmin |14— Lower bound R /Hmin I—
Upper bound R /Rmin I—

- Key Component Specification:

] Light key componemt I 1 Propane 'I Heawvy key component I 2 |-Butane vl
Light ke split IU_EIS Heawy key split |1 e-005

- Calculated R esult

Condenser duty |—388?.22 (LN

Rebailer duty 18750.4 Mk
Minimurn stages 20,3757 Reflux ratio, mininaurn |4.2E|531
Feed stage 39.5867 Reflux ratio, calculated |5-38743

Help | Cancel | oK |




lumn, (SHOR) -

Select mode: o 2

o Select condenser tpe: Im

Column pressure I]E— MPa

Column pressure drop |U1— MPa

Mumber of stages lw Case Stud,

Reflux ratio l— Murmber of points I—

R /Rimin l]q— Lower bound F/Rmin I—
Upper bound R/Rimin I—

- Key Component Specification

Light key component I 3 N-Butane hd Heavy key component I 4|-Pentane hd
Light key split IU_SB Heawy key split I‘I 005

Calculated Resul

Candenser duty IW td b
Rebuoiler duty [ets M
Mirimurn stages IW Fieflux ratio, minimunm IW
Feed stage [ Reflux ratio, calculated [famas

Help Cancel 0K
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- Shortcut Column (SHOR) -

Select mode: D 3

Select condenser type: Im

Colurmn pressure |14— MPa

Column pressure drop ID‘I— MPa

Mumber of stages IW Case Stud;

Rieflus ratio I— MNumber of paints I—

R /Rmin |‘|5— Lower bound R /R min I—
Upper bound R /R min I—

i Kep Component Specifications

Light key companent I 2 |-Butate 'l Heavy key component I 3 N-Butane 'l
Light key =plit ID.EIS Heawvy key split |1 e-005

—Lalculated Resul

Condenser duty IW K h
Fieboiler duty [Fgs27 Mk
Mirirnum stages W R eflu ratio. minimum IW
Feed stage W Reflux ratio, calculated IW

Help | Cancel | ok |
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EE' _ Shortcut Column (SHOR) -

Select mode: o 4

IDTDtaI 'I
|1.4 MPa
ID.1 MPa

Select condenser kppe:

Colurmn pressure

Colurmn pressure drop

Mumber of stages
R eflux ratio

R /Rmin

e —
K —

Caze Study
Mumber of points

Lower bound B /Rmin

—
—

—

I 5 N-Pentare vl
|1 e-005

Upper bound R /Rmin

i Kep Component Specification:

Light key component Heawy key component

I 4 |-Pentane VI
ID 98

Light key split Heawy kew split

—LCalculated Result:

|-1 03433 LR

I‘I 02836 LR
I‘I 43,424 Rieflux ratio, minimum |23,E‘I E4

I‘I ¥7.933 |33.DB28
Help | Cancel | ok |

Condenser duty
Fieboiler duty
Minirurn stages

Feed stage Reflux ratio. calculated
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