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Overview

Introduction: An incomplete history of Dividing Wall Columns
Parallel Column Model for DWC in ChemSep
Refinery application:

- Reformate BenzOUT process

Chemicals applications:

- SHOP (Shell Higher Olefins Process)
- Ethylene and Propylene Glycols

- Ethanol-Amines

- Oleo-Chemicals: Fatty Alcohols

Summary
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An Incomplete History of DWCs

A long road from concept to common-place:
* 1930: Luster, Standard Oil US 1,915,681 A

i

Equivalent to

0

Top-split DWC
(with one condenser)

C



https://patents.google.com/patent/US1915681A/en
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An Incomplete History of DWCs

A long road from concept to common-place:
* 1938: Monro*, Standard Oil, US 2,134,882

38 g&f.‘um :Vf Nspoam |- 27
Bottom Stock 4" Bottom Stock 8
FO 7 2g 2 -
INVENTOR
Donaia A tonro
B B KT
ATTORNEY

Bottom-split DWC

* Often cited as Monroe, but the patent has Monro in multiple locations
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An Incomplete History of DWCs

A long road from concept to common-place:
" 1949: Wright, Standard Oil US 2,471,134 A

FracTionating -~
Towan

Equivalent to

eeeee

Simple DWC


https://patents.google.com/patent/US2471134A/en
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An Incomplete History of DWCs TNTERS T
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A long road from concept to common-place:
* 1985: Kaibel, BASF EP 0,126,288 A2

Kaibel DWC


https://patents.google.com/patent/EP0126288A2/en
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An Incomplete History of DWCs ML
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There is now, of course, MUCH more
" ~1997: Montz unfixed walls technology & sloped walls
" Multiple walls (up to 6 products)
" Linde DWC columns (heat integrated)
" Reactive DWCs
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DWC Simulation: Old (and Hard) Way

Dividing Wall Column Simulated with multiple columns
(here in UNISIM Design)
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Ashrafian, R. (2014). Using Dividing Wall Columns (DWQ in LNG Production: deviding wall colunn, double dividing wall colurn, prefractionator arrangement,
Petlyuk column, NGL recovery, distillation (Master's thesis, Institutt for energi-og prosessteknikk).
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DWC Process Simulation in ChemSep
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* Parallel Column Model for CAPE-OPEN compliant environments
“ Does not require any guesses for streams

" Predefined configurations with single & multiple walls,
selection from drop-down list

“ Icons reflect actual configuration (in COCO via CAPE-OPEN)

" Rapid tray/packing internals design of each column section
with selection of any modern type internal

" Column sizing include auxiliaries: CAPEX & OPEX
* Connection to vendor rating tools

a—
—_—
-

Simple DWC 2WC Top-split DWC

9 Icons in COCO (www.cocosimulator.com)


http://www.cocosimulator.com/
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Parallel Column Model - ChemSep
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Select DWC from predefined configurations

Twio wall Column (20T |+

Simple Diztillation
Estractive Diztillation
Azeotropic Distillation

1 Simple Abgorber!Stripper
———————— e Top o R eboiled &AbsorberStripper
Reflused &bzorber/Stripper
fSingle Column Stage
Simple Estractor
20 |Single Extraction Stage
1Complex Calumn
Tatal Beflux Column
Drividing W all Colurt (DWW C)
Top-zplit DWW C
Battarm-zplt 0T
k.aibel Dhw/'C
T wa "' all Colurnn [
|pper E.aibel 2a/C
Lower Kaibel 20T
NDouble Kaibel 2w/C

Top .
=

Sidestream
[y
Feed! =

Feed

¥

Sidestream2 .
=

3 4 5 o T
#3 #5 #10 #5 #3
BT% 3% 3% B7% 100%
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Predefined DWC / 2WC SRS
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Top-Split DWC  Bottom-Split DWC Regular DWC Kaibel DWC

eeeee
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2WC Upper-Kaibel 2WC Double Kaibel 2WC
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Parallel Column Model - ChemSep

Simplified pressure specification:
- Top and Bottom pressure
- Top and AP: makes switching configuration easy!

Assume area ratio equalizes AP on either side of the wall

P top

Dpr\\
-

AP stage

eeeee
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Parallel Column Model - Easy Results

Profile plots with combined walls

chemsep

Top P
=

== n-hutane

- isopentane

== n-pentane

=M= 2-methylpentane
=M= n-hexane

%, % penzene =
= 3-methylhexane
=&~ toluene

-e- ethylbenzens
& pxylene

—— m-xylene

- ooxylens

Stage

Feedi

Sicdestreami ‘B

m-ethyftoluene _
;. =B 1 3 5-trimethylbenzens
| & | 1 ,4I-diethylbenzene

00 0z D'“..Iquld male fractior © o0& 10

Sloped-Wall DWC
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Refinery: Reformate Processing .

" Reduce Benzene in gazoline (Mogas) by reacting
with Propylene without causing a loss in octane#

" Includes stabilizer to maintain low vapor pressure
" Patented US 8,395,006 B2 by EXXON-Mobile:

LPG
Light reformate  Refinery grade propylene

’ l /L
N Benz?UT" _—
Reformate FEaEHion
or benzene-rich
stream
Reformate Stabilizer
splitter
Heavy reformate Mogas



https://patents.google.com/patent/CA2754816C
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Refinery: EXXON-Mobil BenzOUT P
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" Process needs to fulfill petroleum properties specs:
- Minimize drop in Octane Number
- Maintain low Reid Vapor Pressur

Stream Reformate MoGas Unit

Pressure 35 25 bar

Temperature 100 71.0002 *C

Flow rate 343 335.349 kmol £ h

2 3 Male frac n-butane 0.0309035 0.00209543

_______ Mole frac isopentane 0.0819242 00535314

Mole frac n-pentane 0.0580175 00552973

Mole frac 2-methylpentane 0.0862974 00552657

10.7 t/h

Light Reformate

Mole frac n-hexane 0.045481 00465187
f S 1 Mole frac benzene 0101488 | 00121412
_L/ Mole frac 3-methylhexane 0.0186559 00190345

_@. Mole frac toluene 0.248397 0254064
Mole frac ethylbenzene 0.0306122 0.0313107

Mole frac p-xylene 0.0370262 0.037871

Mole frac m-xylene 0.106122 0108544
m_.___§§___ Mole frac o-xylene 00478134 | 0.0489043

Mole frac m-ethyltoluene 0.0361516 00369765

Mole frac 1.3 5-trimethylbenzens|  0.0594752 0.0803322

Stabilizer 1 Mole frac 1 4-diethylbenzene 0.0116615 0.0119279
3 1 .4 tlh Mole frac Propane 0 b.03354e-07

Mole frac Propylene 0 5 69168e-07

Male frac Cumene 1] 0.0595601

uid phase
2-Cut Splitter 100.404 98 3165

0.414281 0315115
3.9 MW 0.8 MW S | o
n

15



Refinery: EXXON-Mobil BenzOUT
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" Process needs to fulfill petroleum properties specs:

- Minimize drop in Octane Number

- Maintain low Reid Vapor Pressure

2-Cut Splitter

~40% Feed

Light Reformate

24% Benzene

~60% Feed

Stabilizer 1

37% Toluene

16

Stream Reformate MoGas Unit

Pressure 35 25 bar

Temperature 100 71.0002 *C

Flow rate 343 335.349 kmol £ h

Male frac n-butane 0.0309035 0.00209543

Mole frac isopentane 0.0819242 00535314

Mole frac n-pentane 0.0580175 00552973

Mole frac 2-methylpentane 0.0862974 00552657

Mole frac n-hexane 0.045481 00465187

Mole frac benzene 0101458 0.0121412

Mole frac 3-methylhexane 0.0186559 00190345

Mole frac toluene 0.248397 0254064

Mole frac ethylbenzene 0.0306122 0.0313107

Mole frac p-xylene 0.0370262 0.037871

Mole frac m-xylene 0.106122 0108544

Mole frac o-xylene 0.0478134 00453043

Mole frac m-ethyltoluene 0.0361516 00369765

Mole frac 1.3 5-trimethylbenzens|  0.0594752 0.0803322

Mole frac 1 4-diethylbenzene 0.0116615 0.0119279

Mole frac Propane 0 b.03354e-07

Mole frac Propylene 0 5 69168e-07

Male frac Cumene 1] 0.0595601

Mole frac P-diisopropylbenzene 0 00320708
Liguid phase

OCTN 100.404 98.3165 -

RvP 0.414281 0315115 |bar

TP100 0.427999 0333599 |bar




Clarkson

Refinery: EXXON-Mobil BenzOUT I

Improve the economics of this process while
maintaining OCTN & RVP:

* Only send Benzene-rich “heart-cut” to reactor:
Reduce flow through reactor & stabilizer by 2x

" Can revamp existing reformate splitter to DWC
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Refinery: EXXON-Mobil BenzOUT N

def

" Advantages:
- Smaller reactor + stabilizer: TAC -30%
- No difference in OCTN or RVP
- Slight lower overall duty (-5%)

Stream Reformate 2 MoGas 2 |Unit
Pressure 3.5 25 bar
Termperature 100 71.3644 “C
Flow rate 343 334.936 kmol / h
1 3 tlh Mole frac n-butane 0.0309035 0.01155932
" Mole frac isopentane 0.0819242 0.0805443
Male frac n-pentane 0.0580175 0.0587449
Mole frac 2-methylpentane 0.0862974 0.05883656
Mole frac n-hexane 0.045481 0.0485759
Male frac benzene 0.101458 0.0120102
Mole frac 3-methylhexane 0.0186589 0.01591081
Mole frac toluene 0.245357 0.254377
Male frac ethylbenzene 0.0306122 0.0313493
Male frac p-xylene 0.0370262 0.0379177
31 7 tlh Mole frac rrxylens 0106122 | 0.108678
- Male frac o-xylene 0.0478134 0.0489646
Reformate 2 puy I8 ?2 enzene Heart Cut P Mole frac m-ethyltoluene NM36151R | 007022
Male frac 1,3 5-trimethylbenzene | 0.0594752 0.0609072
58% Benzene Mole frac 1 4-diethylbenzene 00116618 | 0.0119426
Stahilizer 2 Male frac Propane 0 2.02693e-06
32 . 5 tlh Male frac Propylene 0 2.25938e-06
20 . 7 tlh Maole frac Cumene 0 0.0597255
Heaw, mate 2 T
_ 100.404 98.3402
BHC Splitter 0 414261 0 315967
0.427539 0.337995

18
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Refinery: EXXON-Mobil BenzOUT I

Other advantages:
" Flexible co-production of Benzene-rich product

Can we further optimize?

" Kaibel configuration: enables co-production of
>96% Toluene as separate product

" Maintaining OCTN 95 Mogas
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" Existing reformate splitters can be revamped using
sloped-wall DWC designs, like Dejanovic et al.*

/R@ Refinery grade propylens 3 \\
.---21-:1--- h ___j_?___
i oD

R —— 2, ¢ O

[ ‘ govh | | |

61|14 &

141

........ 96% Toluene - '|

\r/% _ Stahilizer 3 24.6 t/h
- >—m

Kaibel 2-4
@ OCTN 95

Slightly more energy if Toluene is produced

Refinery: EXXON-Mobil BenzOUT

* Dejanovié, |., Matijasevi¢, L., Jansen, H., Olujié, Z., 2011. Designing a Packed Dividing Wall Column for an Aromatics Processing Plant.
Industrial & Engineering Chemistry Research 50, 5680-5692. https://doi.org/10.1021/ie1020206

20


https://doi.org/10.1021/ie1020206
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def

Shell Higher Olefins Process (linear a-olefins

Stream CA= Ch= CB= Clo= (=} 4= (6= 18-

- Temperature, °C 168.26 22189

varies 0.6 to = 5
] ]

Mass compasitions:
=

MakelUp BDO

columns Derb=

Condenser temperature, °C | 6588 12406 9752 | 13506 16936

Reboiler tempersture, ' | 17046 20733 15343 11441 149
2 [FH~  Condenser duty, MW L4F 165 L8 o147 08
Reboiler duty, MW 341 213 prz 1Sl om

KD racicrs 5 ce ce= e Tie iz
c2 36925 0 1 1.1 3] 0.
o4 3510 0 = 208 i A
& ca 2281 il 3255 ] 560753 RS

ca 1483 0z I 0 0
o TO0TD0AT1| 1275252 13 )

hitd :g; 007 Qgmmz | amitis 3

G2 03E1% (e ) 20731557 | s7state i)

cia 407 I B It I e W]

cis 203 NP R IR

1o 112 DD08ETE0R 2T7E5R,

c20 112 000512185 | _0.0559885

boE 53 ]

bc8 53 00030575 | omewia

bC1e 12 000114203 | 000419321
000T0E31S | 0possmms | 0o

o 00019015 | _oootemes g Towee 1z _Towiess

b-C16 12 00021827 |_nomassa| 0 0 Tootise 1a] saxriee 1] 50 i)

b0 12 Goarasa] ooim | ommst] 0 o ERE W

5] 12 000305 ] 0 0 0 o
Q00 0D03ieRT | O0mEiTarz| awmwedl| 2awesedl| (ooweds | ioiedl il
e 0 o 0 0 0

3,2,3: -12% energy 3,3,2: -22% energy

= [ > 2 B E=— - Cio-pt s : EEE—

a7 =

= e —
DweT Deci4 pwez  —E—e

T Ty il Dectd4= — (R
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Chemicals: Ethylene Glycols (MEG)

-----

560 KTA -

-7% energy

g po

MEG separator

;i Gl DEG pug
8 7]
13 r's
—E 27
& ait TEG gung MEG separator (1)
MEG Recycle (1) oo | o 20| 34
5 a5
28 a4
— e — alt TTEG (1) og
Dwet (1) DWCT (17 1(1)

small savings
9 22
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Chemicals: Propylene Glycol (MPG)

def

Fropylene Glycol Separation Process

4PG i

4

Shell MPG and DPG Stream MPG DPG TPG 4PG Unit
Salventis MPG and DPG Pressure 01 01 0os 0.0z bar

Temperature 124 556 161 651 170,525 192629 C 160 K I A
BASE MPG, DPG, and TP Flows rate P 0 a0 20 kmal 1k
Other routes to MPG Mazs frac MPG 0996465 0000565592 0O 0
OltChirm Mass frac DPG 000345994 | 0892301 000465464 | O
Th K Wazs frac TPG 4.461612-05 | 00071331 0992754 0.00228756

ySSEn-Frupp

Mass frac 4PG [ 0 000253103 | 0991573
Copyright (¢] ChernSep.org 2022 Mass frac SPG [ i i 0.00613969

Mass frac HexaPropylene Glycol a o o o

2
Large ener - ; |ma» /) -
g gy ’ EE— e

10

savings s

DWC for same . 8

pressure level \ié_ \rié \rié_ﬁ_.

23




Chemicals: Ethanol-Amines
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def

ED+liater, Coles KF., Popper F., Ind.En;

Tt €]

Syed 8. H. Rlzl

1at}

e - verT B RO

Chem., 47

1434 1438, (1050

oz

and Rober &

E—

o

I.Chem.Eng.Dat;

2

a 32, pp. 183-181 (1957}

Ararars e @1y

Copyright Chemsep.arg (2021

US 4,355,181 (18821

rﬁ—-

£

Ammania absorber

win|

Flash column

.
]
ki ki 13

Ammonia salumn Drying solumn

lstion and of ethanol amine production plant, Korean J. Chem.Eng. 26 (5) pp. 15041511 (2008) = = “:'j";“_ S
Costsfficient proguction of ethanolamines X
Uimann chapter on EthanolAmines 85208 387103 )
Catalysts for the progustion of eth, Ind.Eng.ChemProd Res Dev. (1885) 25 pp. 424430 S ;;:z:"%
US 2,522 073 (1952) Us 4,119,670 (1978) ) B |

20 200828 g
Trerandanie | 13275 T [ W

No energy savings

Savings from single C & R

24

WEA+DEA column

Fak, S-B, Lee H. KoreanJ Chem. Eng. 14, pp. 146-148 (1997}

o ootk @ e 1508

F e 1283340

A AN = 000195593
minE]- 0935

NI = 000302555

=

MEA column DEA column

TEA column
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Oleo-Chemicals: Fatty Alcohols

TN e
20| 35 /J?@
Lights Ends Rermoval 36 2 -@_m‘_

De-C12al

-30% energy

C1BC18 Splitter
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Reactive DWC L

defy copvent
4 Dist
vvvvvv MeOH Product /‘,: s i
EtOH Mix 24 |--18._| oymmm
25| pEc RDWC
34
89 | 35
R-SDWDC
158.
59

DEC Product
< _—r
EtOH Recycle
S L

Recycle Pump

Capex savings from ol —

reactor integration
Feed Mix

75 [109 D Product

Big benefits from
stripping of products

Bottoms

26
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Summary

" Simulation ‘easily’ done in ChemSep by use of
predefined configurations with pressure drops

" Can optimize DWC process on petroleum properties
" Not every DWC is physically feasible / lower in capex
" DWC selection & its integration in the process matter

27
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Questions?

28
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Selection of “Extra Properties”

Part of the physical properties models selection

~ Themodynamics ¥ Physical properties |\( Reactinnsl
Select Phyzsical Property Model

¥ Use default madels r lghare T ranges Extra Properties

—&vailable Properties——— —Selected Properties——

oy Add OCTH ]
MON = | |TvF100 bar

TBF_IEP t:l Femove FWP pzia
TBP_TOG -
TEF_T10 Remaowve Al
TBP_T30 _—
TEP_TAO d& Up
TBP_T?0 _—
TBP_T90 & Donery
TBP_T9%5 —_—
TBF_EEF
D3 IBP
D3~ TOG
03s™T10

Das™Ta0 b
4 4

0k Cancel

29
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Extra Properties Methods

RON & MON: Table values / Estimated from groups or Tb & SG
OCTN: Posted Octane Number = RON/2+MON/2
Flash Point: Riazi (egn. 3.114/3.115)

TVP100: Antoine vapor pressure model at 100 F
(with Ambrose or Riedel as back-up)

RVP: Approximation using the TVP100, mixtures per Riazi p. 132
TBP: Spline interpolation

D86: Riazi-Daubert 1986 on TBP

APl density

K Watson
More to come...
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RON & MON Estimation P

RON.:

- UNIFAC groups: Albahri (ind.Eng.Chem.Res. (2003) 42, pp.
657-662 + (2004) 43, p. 7964) and new -OH/=0/-0- groups
average error 8.8%

- Pseudo’s: Nelson (1969) as f(Kw,Tb) for Naphtha’s

100
90

MON: 80

70

Jenkins (1968) 60
average error 8% 50

40
30
20
10

0
11.3 114 115 116 11.7 118 119 12 121 12.2
K Watson

RON

31
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Extra Properties

Stream-tables with custom CAPE-OPEN properties

| | L N
Stream Refar mate Mo Ga=s Umit
Pressure 3.5 245 bar
Tempergture 100 T1.0902 °c
Flow rate 343 oL kmal fh
el ey it DLkl Dot Line Fill Forrnat I Chrearns I Owerall props Phase props
hiale frac izopentane 003 10242 00335314 Available propertiss: Selected pronerties:
Mol frac n-pentans 0.0530175 00592473 val prop piep
hidole frac 2-methylpentane 00362974 | 00882657 cormposition = OCTH
Ihole frac n-herane 0 045421 00465157 composition £ 1,3.5-imethylbenzene RhP
e e o T AR -:u:umpu:usitiu:un A1 4-diethylbenzens « TWP100
composition / 2-methulpentane
hiale frac 3-methylhexans 0.0186529 0.0190346 compasition / 3methulhexane
fvbole frac toluene 0.248397 0.254064 caormposition / benzene
hiole frac ethylbenzene 00306122 0.0213107 composition / Cumene f
Rhiole frac p-xylene 00370262 | 0.03FETI . compasition / ethylbenzene |
Mole frac m-xylens 006122 0108544 compositian :: 'S':'pinltarl‘e ¥
fvole frac o-xylene 0.0473134 0.0459042 EEEEEE:::EE 2 mj;l;lrreu HEne
hdale frac m-ethytoluene 00361516 00369765 EDI‘I‘lpDSitiDr‘l ! n-butane
Ml frac 1,3, 5-timethylbenzens| 00594752 0.0GDE322 compogition / n-hesane
hiole frac 1,4 diethylbenzens 00116613 00119279 compozsition £ n-pentane
LB TS e a 8 03384e 07 Egmpgzgﬂgn ﬁ E'-ELililsecru-lErD lbenzene
hole frac Propylens 0 F E0162e-07 cumgusitinn y F,mnanpe P |
hiale frac Cumens 0 005945601
hiole frac P-diisopropylbenzene | O 0 030708 Show: | Male fractions =l
Liquid phase
OCTH 100,404 93 3165 - Ok I Cancel |
FwP 0.1 4281 0315115 bar
TwPi00 0427099 0333599 bar
= = u Liquid phase
OCTH 100,404 9% 3165 2
R'wP G.00864 4 G706 psi
TwR100 62076 EERELE psi
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