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2% B IT[R I8 : THE DISTILLATION COLUMN

_ The feed stream enters the

= T eondene o column, dividing the column
] Feed stage into two sections: the section
e ] Suimping section of the column above the
bx, L] Partial reboiler ) L.

feeding point is called the
enriching or rectification
section; the section below is

know as the stripping section.

Please move the cursor to different parts of
_the rectification section to learn more ...

Bottoms B xa
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XA TR IE . THERMODYNAMICS

In every stage the liquid and
L] pressure vapor streams come in contact
Ej et sage | WItH each other and exchange
heat. This causes on one side
Moving up from stage 3 to - the vaporization of part of the

stage 2 of the column, the B . .

vapor gets richer in more liquid, and, on the other side, the
stage 3  volatile component (y2>y3), .

wnie e uqud fowns | condensation of some vapor.
downwards gets poorer in
more  volatile component
(x2>x3). This is because the
equilibrium compositions in
the stage depend on the

Tos \ temperature (T2<T3).

Please click on the equilibrium
compaositions in the column to
0 1.0 identify the points in the temp.-
comp. diagram.

P = constant

Temperature
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HAEXEHIERF
o —MEBR(END~ZHD)
o #2588 (Breaking the Azeotrope)
- EAEHHZE 88 (Heterogeneous Azeotropic Distillation)

- ZXHVZX 88 (Extractive Distillation)
- B 2L HE (Pressure Swing Distillation)

o [ZEZER(Reactive Distillation)

Q

Total Condenser
Make-up of Entrainer
.ﬁ } iﬁ' Total Condenser
- Sour Gas Feed
Agqueous sutlet faw

32.22 % CO2

67.78 % Ethane

C-1 ~ 67°G, 7584 bar

IPA-Water
C-2
[ g } — IPA Q }—. Waler Recycle of Entrainer
Heterogeneous Azeotropic Distillation Extractive Distillation

| """AB]]':D
H B X ERIEF

z—;z =T £+ A

o &E[BRZLBH (Pressure Swing Distillation)

Y-x for DMAC/HOAC

HAc  * /
o
g
B 8
HAC/DMAC = °
HAC/DMAC . Azeo. B Lo
i
g
2
20.7Twt%
9 \ ————————— 760.0torr
o \ ———— 200.0 torr
24.25wWt%
HAC/DMAC Azeo. 0.0 0.25 05 075 1.0

Liquid Massfrac HOAC
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Approaches:

1. SECZEEERFTERESECEMREVEIREE...)

2. ZABHAMBEETTETRES(IERERILEER)

3. EBEFRS - R EMEIRF(heat source > heat sink)

o RERIEINIRIRGBRES
« XEEBESRES
= Thermal coupling (e.g., Petlyuk Column, DWC)
= Vapor Recompression (e.g., MVR, TVR, Heat Pump, HIDIC)
= Multiple Effect Distillation (MED)
= Multiple Effect Evaporation (MEE)

Copyright 2018 ITRI T Z3%lifF75kx
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BNBEZZERFE 1T : THERMAL COUPLING

Setting up two-way vapor/liquid flow between different
columns

o XIFBMIZRET « BITBEEEKRS

Head

Head Side Head
Product Product Product Product
Side Side
Feed Product Product
Sump Sump Sump
Product Product Product
a. Direct Sequence b. Petlyuk Column c. Dividing-Wall Column
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BBEZZERHL T © VAPOR RECOMPRESSION

* Internally Heat-Integrated Distillation column (HIDiC):
Heat pump assisted distillation.

o EIBEME A - HWiREMEE(MVR) AR S

Rectification

d. HIDIiC

a. Conventional
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Multiple-Effect Distillation (MED)
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o IXITHEL
- BRBEENORE - EEEABRBES —ENEENRER 2R
BBER RS RBETHS -
- EROEESHRRIEENT RS - WHIRIE -
- SHOESH)SBREEES - GHAERTREAR S —ENEER
IBRERETRRIA -
EEEHBRE) - HBRUE - BRSNS

° /E_ﬁﬁlé 15% 3 g
- IBIRETAEE - E50% - =X33%...

e RETER(CRERTN)
- AHUREM,, S5 COIRNEREY)
- BNIREE - VIENZHL(IEEERE) T
REfBEpENTSAYERSEE T

2 084 086 0
Liquid/Vapor Massfrac ETHANOL
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L EREE BY 1 2 4 (BINARY SYSTEM)
o BEWRBIEENTE S LRI
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Z R 8 = A {0 % % (TERNARY SYSTEM)

o MFAEZBRNABERSER

A B B
F Py P2 F Pyt P, !
@

- A

Conventional Direct Split Double-Effect Distillation (DED)

Copyright 2018 ITRI TZ&:{laffFFEk




R B 2 B R

W
S

PLatm
10 20 30 40 50 60 70 80 90

Lights
_ Methanol
o Blg/IKDBERH
* binary system
EE E? /é-% f‘\E\\ ;
« JKIEMBMEME H20
Methanol
g | lauo o F
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ZUEEZIER

o LEB/IKDBEZRA
. blnary system

AL 72 FEBBR KA 3£
. 7J<3|E,m;ﬂ't¢¢%ﬁ

Feed

H20

H20

LiquidiVapor Massfac ETHANOL

Ethanol

Vacuum
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B ZIER

Glycols
aqueous

Water

o EGEIIZEGlycolsPrrK
(MEG, DEG, TEG Dehydration
by 7-effect Distillation)
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C. Cuietal./ Energy 134 (2017) 193e205

) e aft - 8% - BBERY
= (=R sl
= IR A B

Energy saving ~50%

of EB column

P=24kPa & N P= 12KP,
T=s7.4%C | i Y To79.0C
Q= 33960 ) i O=5433W
| £ P=d6RPa =B107KW 1
i T=101.4°C
i [E 1 Recycle
: 1C 1| emylbenzens ic Styrene
2 \RA=9.30 2N, 1| samwes/Tp N |-G080wR Benzene
=056 1 AR=900 b " RR=057_ Yield FA=Z00" =83.07 Wik
! H =85 73 wi%h|
| 1
>3- Lt A0
Crude : 1 o
Feed,| 3_ | i ! +—
I
: 1
51l I , 91 N ] H
I
G I 28 v il °c:
: Flash 4G | Toluena
I i =80.00 wi%
T=093C | T=1163°C \CRzR )
Q-AT38KW  \_Q-B031KW _/
o] " cu c12 c13
Toluene/Ethylbenzene High-pressure Low-pressure Styrene
Ethylbenzene Ethyibenzens Benzene/Toluene
oolumn sclumn i column golumn
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C. Cui etal./ Energy 134 (2017) 193e205

Pu2dkPa 4 - =
T=&7.4°C Pe36iPa N Pm 1 2kPa
et | T=101.4°C \ T=79.0°C
1 0= 15684k : C=B026<W
1
1
1
1 Styrene
: P 1 | Recycle =00,80 Wi
1 RA=0.22  rod 06 with RR=1.18 Yield
H r 9873wt
T oa :
i Energy saving ~85% of
1 .
! i EB column with MVR
1
i H
P=24kPa k= e mmmmmmm el m e ~ P=12kPa P=130kPa
d
J:ﬁ?.vc ! Tpi:;?f% Recycidy T=79.0°C T=91.9°C
=3306KW =101. Q=6026KW Q=59KW
1 - —— ethylbenzehe
b Q=2111kW 98,08 “‘?‘
T=93.3% 1
Om3735K i 1 : Siyrena
) 1 A i =99.80 Wit c
— H 2 N\, Benzene
ci RR=4056 | AR=8.22 i R=1.18" Yield =2.00” =83.07 vi%
Toluens/Ethylbenzen H v 1 =88.73 W%
colyenn o 3 1C @ QD :
— W= |
- I O
—el . 1 - _2_4__
H I
I i
1
51 = 91 1| _as |
«+ 1 + 34
1 / : N
52R 1 am H
1
1 r 1 Toluene
1 w2 H =99.00 1%
T=993C | 1 T=110.1°C T=1285C
g-arasxw | T=1163°C J Q=5455xW 0=82kW

Q=1316W
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ZREREERETE R

TR AN 2 4 :
- }ﬁ 17] /%3\\ "‘;E Heat and Material Balance Table
Stream ID K1F K29D K29B K88D K88B
- I S o b u ta n e Temperature C 75.0 416 159.5 105.2 179.2
Pressure bar 5.917 5.426 5.720 2.975 3.269
. . Vapor Frac 0.162 0.000 0.000 0.000 0.000
" T rl m eth yI Ca rb I n O | MaZs Flow kg/hr 60749.110 22491.186 38257.924 11400.000 26857.924
. . Volume Flow cum/hr 635.309 41.913 46.032 15.815 29.911
= DMD (4 ,4-D|methy|d|0xane-1 ,3) Enthalpy Geallhr 27818 12371 -14.703 -12.362 -2.4%
Density kg/cum 95.621 536.619 831.118 720.830 897.931
Mass Frac
C3 496 PPM 0.001 trace
1SO-C4A 0.301 0.814 29 PPB 9% PPB trace
1SO-C4E 0.062 0.167 185 PPB 622 PPB trace
N-C4E 0.002 0.006 11 PPB 38 PPB trace
N-C4A 0.003 0.008 134 PPB 448 PPB trace
13-BD 186 PPM 503 PPM 5PPB 16 PPB trace
1PENTENE 62 PPM 84 PPB 98 PPM 331 PPM trace
FMDHY
MEOH 0.001 113 PPB 0.002 0.006 3PPB
DMD 0.355 trace 0.564 0.095 0.763
ISOPRENE 251 PPM 98 PPB 3% PPM 0.001 trace
DMVC 0.004 trace 0.007 0.010 0.005
HC-130 0.002 trace 0.003 681 PPM 0.004
METHYLAL 0.004 109 PPB 0.006 0.019 1PPB
C6H100 866 PPM trace 0.001 7PPB 0.002
MBDIOL 0.007 trace 0.012 trace 0.016
DMD-HVY 0.077 trace 0.122 trace 0.173
T™MC 0.171 trace 0.272 0.827 0.037
MTBE 228 PPM trace 362 PPM 0.001 11 PPB
WATER 0.008 0.002 0.012 0.040 1PPB
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SR ETE D)

® DWC
@ Multi-Effect : =2 5K-88 8 - [OJUNETEENEERK-29 side
reboilerfEH

C>——{owe e | 1 v > R
& ggk?oiler
= Al
Utility Type K29-K88 K29-K88 DWC K29-K88 HI
Steam (MP) 7.46 6.50 5.71
MMkcal/hr (100%) (87%) (77%)
C.W. -6.91 -5.29 -4.63
(MMkcal/hr) (100%) (77%) (67%)
Copyright 2018 ITRI T E51li#F5EkT 23

-|--|- A6 =
S ERERETE R (2)
BBRE/FE /K DA M ERELE R ERERA
inhibitor ‘Q—bl oo F Column Praduct

Q=-2.538 Gcal/hr Formaldehyde: 45%
| I Water: 54.1%
Q{ Flow Rate: 1,740 kg/hr

Q=-1.497 Gcal/h

M Column Product

MeOH:99.4%

Formaldehyde:0.5% Recovery MeOH
Water:0.1 % -
Flow Rate: 4,108.3 kg/hr

|

P=atm
T=63.2°C

> P=4 barg
T=1434C
RR=15

RR=13

1. M-ColumnZ35 &K 6,268 kg/hr
2. F-Column#i5 &%k 4,087 kg/hr

mEkE=10,355 kg/hr 1)

Y

|><WHD<W 0 —

Q=2.996 Gcal/h

‘
:

Steam l
T=152C
FEED
MeOH:51% i T=98.2°C —~ — -
Formaldehyde:10% StQe;_nl.QSB Gceal/hr
Water:39 % Stea Steam
Flow Rate: 8,040 kg/hr F=6,268 kg/hr Candensate F=4,087 kg/hr

Waste Water

Waste Water MeOH:0%
Formaldehyde:0.02%
Water:99.98 %
Flow Rate: 2,191.7 kg/hr

LN-Q
51 ZSAE 210 kg/cm2gi9#E ;S it & (Latent heat=478kcal/kg)
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S EEERETE D2

o BRfi/EREE/K DEERA - TEFMultiple-Effect Distillation

F Column Product

o MeOH: 0.9%
inhibitor —Q } | Formaldehyde: 45%
Qc=-2.538 Gcal/hr Recovery HCHO Water: 54.1%

| I Flow Rate: 1,740 kg/hr
M Column Product
MeOH:99.4% R MeOH
Formaldehyde:0.5% ecovery e - - - _
Water:0.1 % 0 = LZTK —= ?:?a‘ﬂ?c
Flow Rate: 4,108.3 kg/hr RR=4.0
RR=13
1. F-Column#i55E3K 7,222 kg/hr
FIRF-COL#IVaporfEBM X X . o
COL REBHR _ e amx2-0,658 kg/hr
N /] N FHASF-COL Vaporf92{EARS - i
\ ARRE4.07%5 B33 {E

o Qh=2.996 Gcal/hr _l_

MeOH:51% =< T=152"C

Formaldehyde:10% NO Steam ‘iﬁfc L— Qh=3.452 Gcal/hr

Water:39 % N
Requirement

L.
=] Wr_ S Steam

Cierisia F=7,222 kg/hr

Waste Water
MeOH:0%

\Waste Water Formaldehyde:0.02%
Water:99.98 %

(e
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Multiple-Effect Evaporation (MEE)
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e e

o I /.I:— EIEELE STEAM CONSUMPTION AND RUNNING COSTS OF EVAPORATORS
1l AY &

Steam consumption Total running cost

- BEIMED/RIBAAE - FAARRF | Numberof (kg steam/kg water  (relative to a single-

effects

)2 8 2 o T S U evaporated) effect evaporator)
. BHBABEEOVIERE O 057 052
CEREEBELARE | 0.40 037

& WEE@%%ET%F‘%%
o [ERS
LX%F%??M%%‘%?%“?%IUK)
« BIKAREE R E/RES
- RTRAE
- RETHIW
o izFRA
- B2
» FEZW
« 2 (parallel feed)

D. Zhao et al. / Desalination 273 (2011) 292—-298
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[ . g.ng_ —
DR BEERETER

ERVE TN
« D WH
. E@ﬁﬁ?ﬁ@ﬂ ZAESEV(TVR) S B B 4E(MVR)
o EURNLINEE | BRE  ASERASE
. ¢H§(WB§H§~9I\B§H§) BEIERS
- REMRIBEE
- BlRsSN  HELEF pH NME - ERIES
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Than EF AR ETIRIE ZEA B2

BRABLo=1R F R B /iR F RIEE ]
AR BRI REIRF K ¢

14 A
131 J%
& L L
by 110 ST
B o LA AT
=4 Kzl A7
9 VADE; 7
AW Ay
o] f%(/n v N/.//?gé ?G
e YAy
20 e
AR T
6 \B
A
S0 (=11 — 1] S0 TN
JKEY3#EE ( latm)

Tr=Te+Thb

Te: Z 32 22AR =

Th: 3 &L _EH R E (FEE IR /KRS

whE

A———Hzl 1]
B-—-HaCl 13. 79
C-—-Callz 20. 53
I---HaCl 724
E-—-Halls 4T, 6T
F-—-EgCig 45, 2
G-—-MzCln 37. 95
H-—-Hz504 41.0
I---LiH0s 46, 1
J---Hz3iy 54, 23
FE-—-Callz 50. 25
L-—-Wa0H 4T 55

BENASAZETERSENA

HER

£Z A" =L 2% 3= 10 ¥E FF | rj
SRR EMEHRE(DIED
5
S e
TR
o i
—_— N N
SR F’ RO
—s N AR
o B AEREAE N BEHRBERRESE -

S—WNREBNTE  E—UBS

10~15°Cf& -

Him ERFBEIRASE —MHEBEBER -

c BRE - - —REBEETRER
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TAEZRA

Pl

2 AT (2) R

TR

ffe—
R B

1

R
<

et
—REH =g =
HEF
P2 P3
e T
RS EER —— SRUSEEE

Motive steam from HRSG

- e

| B

— — —

4 Cooling Seawater
: Feed Water 1 "
k. lr 1 3 3 h
1
TR ITCEITEIITECE
- . = ] .
Tv ] Tw i T i Tw P Tw P T
- s H Y. HY Y Hl Seawater
I e — =P e — - = —e=p 1 .
T S |
‘s
Condensate to HRSG Rejected Distillate
Brine == @z 0@@ @=mm==== sl&ﬂm
— R —c = Condensate
Seawater Distillate
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M.T. Mazini et al. / Desalination 353 (2014) 98-108




EZVE AT
e 3EE+MVR+TVR(or TVC) + feed preheating

P = l =
Condensate |nJac1|_on I—I Eﬁﬁﬁttﬁ
RMUES

N

3 a
/M7=

RE—RRER Bt
% - FIATVRIZ y

—
= — b Ve A
Fr_-AZZml=

Fig. 6.5.8 Three-effect evaporator with mechanical vapor compression

—— Product 1 Thermocompressor 6 3rd effect

— \/apOT 2 Vacuum pump 7 Vapor separator

e Condensate 3 Mechanical vapor compressor 8 Product heater

— Heating medium 4 1st effect 9 Plate condenser
5 2nd effect
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e Multi-Effect Vacuum Membrane r 1
Distillation (MEVMD)

o MRINZUZEENRIE - FFBAREE
HERE - LIBBREERZREERE
NN - 1

o EMDHEBREMT  HHE—TEHEH -
BEFE B i

Feed O

Vacuum
Pump

-0

Distillate

- -

Membrane

T

v

Vapor i+1
(7i+1)

O

e O ‘ Brine Condensate .
SRi E1 | E2 EN BS Foil

F. Kiefer et al. Desalination 438 (2018) 97-111
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ZUERERETEN —SEREKEHN

B YRR P BRI TR B AR M e B Y .
VAT A6 A R 242 Bk

RESIDUE

e .
o ﬁﬁg M}$§$m$
=) N2

FEED

FROM P-701
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ZUEERETEN —SEREKEHN
* 3-EEvs. MRVZ S E M DT

EZVEL LI =AY LR+ IR (RS MVR+B /082 1@
ERE, kgh 1,000 1,000 1,000
R R=, kg/h 0 0 240
EE XA 6 6 6
BIEEEREREEY  2SKE% 20 20 50
%75, Kgih 0 342 24
=
sy BT, kW 5 5 83
RRR SANK, ton 20 20 0
(e E M5 .NTD/h 56 523 269
%75, Kg/h 288 288 0
e B kw 5 5 14
ZIRE S A, ton 21 21 0
W /EE ./ \ST NTD/h 452 452 41
BEEEEYE, Kg 75 75 120
=
EIMEIR = g e 5t NTDI 675 675 1,080
6%, NTD 17,000,000 17,000,000 35,000,000
N IEFR, Y 15 15 15
=
BB gem mmE% 5 5 5
o E@ER |\ StNTDh 248 248 510
AARAE THE=, NTDh 150 150 150
@zt 2GR e B A, NTD/h 1,581 2,048 2,050
ERIEE, NTD/Y 12,646,597 16,383,973 16,396,261
B RKEB A, NTDkg 16 2.0 2.0
BREZSEBER, NTDY 72,000,000 72,000,000 72,000,000
WEHS, NTDIY 59,353,403 55,616,027 55,603,739
pay back, Month 3.4 3.7 7.6
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o BEMAGLI - BRERIEN R YW RRNNBEESER
IERBIHRIERINESER - AERAL2UBH -

- ERBEER)  —MA T EE/KTRE, - TIER,
BHEBSHT  BRERRREREE -

¢ FHRBAES - BENES  BRRTREEM B2
R IR -

o EEMEERIBBI RS - O1HE—SHORCHBUL S M
e - DUEEIRMEES: S ERERO B -

o MVREFEEXIEIERS RMEESTVR - (1835 AR A AT S
BRAREBH M EER -

o« THRIREEERERTE  TRRHERESRITRS
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BB A 1T B A% OV ER T

RIS IEBIERE =
v{E L& & Aspen Plus® & ChemCAD ; Zxig
#2285t Aspen TASC+TM ; B LT fAspen
Process Economic Analyzer (APEA)
v itz Computational fluid dynamics (CFD)f&E#E
vVEIIRESHERREE
R ARl ;
VEZEZS  EZR/ARFABEREZE - ZERI/OAHAT I ~Vectors of Velocity

B IEET R 2 : r'“— |
VERIZETT | B - AR R ARENRERZE | T seml

= X BE 1A 28 F¢ il
VIATHERET | EBIERY AR/ RENhRSEE

v S PEERER | Hh/ AN B R EERER - TR
Bra Al 2 B

A T2 $% i
VEEEMBENARZAANEE
vPilotBgE et : SNRBENBEE T
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ITESBMEERIESRE

TPECESIR
WF\ )
200 11 FAGHE
):r)yz—éJ__—]_ ‘};;—_%:{;II

@ B A EAMgS
® E#—ibé FRs
© TIFLFERHI
© BFAHwTIc -~ B
© FPFHL AR

T A
PRF% % B
2
RSP P SRl 4
18 7VLE - Pilot plant# ok A L cBRFBEE LS iy
’,:_ .3 B N ﬁs%#ﬁ‘ . f‘"-"‘ -lL
LWERA 2 REIEE g ascnae ,;Eﬁféﬁ -
v CBHRTINEREH LS b

MHESES e B1 £ AHMIESLE
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ITEIRBERERNIGEREES
IRHOISE - 5% 20 BEBAE A AT B A2l c == 12 G AR 755
= A

BRI TEOBERRN

i

i

o BIEWILIXI : DWC _&
o BENEREREY

J— FRI-Databank B = A 3 AJ \ . -
B - oo/ i——> R e e/ 7 R ——> i % 12 )
RbE SEEES | GRS EEE)

o R RmEREERg % s smnsmee
« BHT - BIETEAEEK i ri0% © WA (ERR/SEIER...
o (T REFRAEEIL L o HRBR RSB BTE)
BT5R - BBEEEER: e, FRE(RSEE) -
26] . TREEER0%) LSRN S e
e 27K<100ppm, £ EHEF<100 ppt
o EEEARBREEGEL L)
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TE 7D BRI SE R L&A

# e TS AE

B R (F R

S #EDWCPR R &f

N

AE 7% B 12 il

Proces
Design

DREEENARS
MERERET

Ly Separation
Core-Tech.

ntelligent Efficie

EiEEESIEAE
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o HBAERER

« ZEENEER
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03-5732427
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