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Heat Integrated Distillation

- Single Column with Two Products
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Heat Integrated Distillation

- Double-Effect Distillation (DED) for Single Column
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Heat Integrated Distillation

- Heat Pump Assisted Distillation: as a more aggressive way
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Thermally Intensified Distillation

- Thermally Coupled Distillation (TCD) and Dividing Wall Column (DWC)
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Dividing Wall Column as a fully intensified TCD
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Thermally Intensified Distillation

- Evolution tracks from conventional ones to DWCs through TCDs




Conventional Distillation Column as a TCD

as an original TCD through vertical intensification of a multi-stage

counter-flow flash drum process
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A- Tower as a more complicate TCD

- avoid high temp reboiling & fouling
- lowers partial P of comp & more volatile
- avoid huge vapor rise up
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Reactive Distillation - Intensification of Reaction and Distillation
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(a) Conventional process (b) Reactive Distillation
* Modelling reactive distillation R. Taylor!,", R. Krishna#

« Combining Reaction and Separation in a single vessel is termed as Reactive Separation Process.

« Significant Importance over Conventional Reactor-Separation Unit.

« Reduction in both energy and equipment costs.

« A single reactive column could be replaced a conventional multi-unit process that consumed 5 times m
ore energy and capital investment lli P




Reactive Distillation - Intensification of Reaction and Distillation

«» Eastman Chemical Plant with 23 ton/hr commercial RD unit for esterification for
methyl acetate production in 1983.
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Integrated and Intensified Distillation — Yesterday and Today

2016

commercial DWC > 250
/

1942, 1949 1965 1985 2000 2002
DWC patents 1%t theoretical work 15t commerecial 15t trayed 1%t four-product
(Brugma, Wright) of TCD (Petlyuk) DWC (BASF) DWC (SASOL) DWC (BASF)

1950
MVR concept
(Freshwater)

1992 2014
MVR Pilot 1st commercial HIDiC

(Canales & Marquez) SUPERHIDIC (TOYO and AIST)

!
1920 1983 2007

15t RD idea and patent 1st commerciaI.RD RD in operation >150
(Backhaus) (Eastman Chemical) of 100-3000 KTPY

2 P



Integrated and Intensified Distillation — Tomorrow

What it will look like?
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Implementing Dreams via. Practical Alternatives

- It will come true in a practical alternative form !
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Implementing Dreams via. Practical Alternatives

- It will come true in a practical alternative form !
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Design method for the feasibility and technical evaluation of side-reactor
column configurations

Process Design Alternatives for Producing Ultra-high-purity
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Arif Hussain, " o " onyong Lee® Pressure Arif Hussain™", Yus Donald Chaniago™', Amjad Riaz*", Moonyong Lee™"

s Donald C




Going over hurdles with innovative key unit technology

- more popular by overcoming main huddles and concerns !

- control of (multiple) vapor splits is a
serious concern/ challenge to enable full
operational flexibility of a DWC!
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Going over hurdles with innovative key unit technology

- more popular by overcoming main huddles and concerns !
I&REC e

research

Hydraulic Driven Active Vapor Distributor for Enhancing Operability
of a Dividing Wall Column

...... orius Rionugroho H.

ELSEVIER ~ lournal homepage: www.elsevier.com/locate/cherd

Optimal operation of a dividing wall column using
an enhanced active vapor distributor

Gregorius Rionugroho Harvianto®, Kwang Hyun Kim?, Ki Joon Kang***,
Moonyong Lee"*
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More Integrated, Intensified, and Combined

- more integrated, intensified, and combined
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More Integrated, Intensified, and Combined

< Enhanced Optimization and UQ/UA by Al and Digitalization Technologies
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where Y is the predicted response (total annual cost saving), X; are
the uncoded or coded values of the variables, fiy is a constant, f;, By '—ﬂ .
and §;; are the coefficients of the linear, quadratic and interactive 5
terms, respectively, and & is the error term. MINITAB software was
used for response surfaces fitting and optimizing the total annual
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|PA Production Process
- Heat Integration via. Process Intensification
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|IPA Production Process
- Combining Process Intensification and Heat Integration
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PGMEA Production Process

Reactive Pressure Swing DWC Process for PGMEA Production ~ Ststainable. . ==

Reactive Pressure-Swing Distillation toward Sustainable Process of
Novel Continuous Ultra-High-Purity Electronic-Grade Propylene
Glycol Monomethyl Ether Acetate Manufacture

OH 0
Basic catalysts
)\/ JJ\ _f_ Yus Donald Chaniago,”! Arif Hussain, ! Riezqa Andika,* and Moonyong Lee*
OCH; + + .
CH,OH AW energies e
C H4C OCH3 OCH; . ~

Articte
Pressure Swing-Based Reactive Distillation and Dividing Wall

Propylenc glycol Methyl acetate Propylcnc glycol methyl ~ Methanol f,,“;;;:‘,;‘e‘,;'y}"g}’h':::‘gm:““‘“““’“°”'“’PY'“"“G]Y‘“‘
methyl ether cther acetate o Do o 10, o i 90, At gt A 9, Gy 8,
Al
MeDH= ——— prpr PCT/ KR202 1/ 002387
90 kmcl'h 29000 Lmol'h 0585 MW
MeOAc = MeDH 1311 saseC
— 1053 MW 055 MW
600 «C 1200 =C 1201°C
1.07 atm 107 atm 0373 MW
PO= D233MW DAL MW
10 kmdlh = T
_—
. BGAE BEAEA _
MeOH= Rezctor Resctor : MeOAc = MeOH
Trace _Q —
c1 €4 lgpc
b
T nnsc ] ] T 1a2eec T smsc
13 MW 1156 MW B327MW
-
MeQAc =
MeOH=
10 lmcl 10 it
OCH;
homo cat J\/OH
+ H;C
0, H 2-methoxy- | -propanol

A + CH;0H ) OH
CHa
Propylene oxide Methanol OH e OCH;

hetero cat
1-methoxy-2-propanol

WP




PGMEA Production Process

Reactive Pressure Swing DWC Process for PGMEA Production

MeOH= —
PQUE= 536°C Me0Ac > MeOH
90kmilh 00000 kmolh 0585 MW

PQUEA=
; 20999 lrzoclh

00,000 15 MeAc=
— g 154 lamal'h
10 kmolh
MeOAc =

MeOH=

10 lanclh 10t

3
i
ke
Law)$3)

T Pr—
. >_ﬂ'L\.r v
1 I bt I
o= R e 2w | _.,_“'(_ -
H iy I AR [~ Hk | T W s .I‘-;:“\:‘.
- I o - ro= .
r-— — — ; | bt DA "l 1 r — [— —"
i sl k. T o
| oo I L
190 k=i | — — e — gy - '
= poama ] e .
W Rl - rae 8-
M = Py = e et
L] Ll L




Conclusions

- P12 will be much more popular by extending its
application to a real industry and by coming to us as it
will :

- come true in a practical alternative form.
- overcome main huddles and concerns.
- become more integrated, intensified, and combined.

- PI? will thus be one of effective and powerful ways and
workhorses for sustainable process industry.
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