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l. A new entrainer for separation of tetrahydrofuran—water
azeotropic mixture by extractive distillation.

1.  Application of Extractive Distillation for the Separation
of Benzene and Cyclohexane Mixture.

I1l. Extractive Distillation Column to Separate Isopropyl
Alcohol from Water.

IV. Olefin isomer separation by reactive extractive
distillation: Modelling of vapour—liquid equilibria and
conceptual design for 1-hexene purification.

V. Reducing energy consumption and CO2 emissions in
extractive distillation.

VI. Separation of di-n-propyl ether and n-propyl alcohol by
extractive distillation and pressure-swing distillation.

VII. Separation of Tetrahydrofuran—-Water  Azeotropic
Mixture by Batch Extractive distillation Process.

VIII. Separation of acetic acid and water by complex extractive
distillation.

IX. The Separation of Catechol from Carbofuran Phenol by
Extractive distillation.
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NMP is non toxic, non carcinogenic and can be Environmentally sound design
treated by conventional biological waste water

treatment

NMP and water mixtures are non-corrosive Low investrent and operating costs

allowing carbon steel equipment to be used
without the need for a corrosion inhibitor

Low solvent losses due to NMP's remarkakble Low operating costs * Less fouling
resistance to hydrolysis and thermal decomposi-
tion as well as its high bailing point

Highyield {>99%) as well as high purity (>99.79), High value product
regardless of the feed concentration

Low energy consumption due to an efficient heat Low operating costs
recovery system and optimal process design

Operating periods exceeding four years without Longer on stream time * Low maintenance costs
cleaning due to effective fouling Inhibitor systern

Characteristics

Feedstock Composition (typical) witd Butadiene Composition (typical)
1,3-Butadiene 40-55 1,3-Butadiene 99.7 wt%
Butanes <14 Propadiene <10 ppm wt
Butenes 40-51 1,2-Butadiene <20 ppm wt
Total acetylenes <2 Total acetylenes <40 ppm wt
Cs hydrocarbons <5 ppm wt
VCH <50 ppm wt
NMP <5 pprm wt
Raffinate Composition (typical)
1,3-Butadiene <2000 pprn wt
NMP <10 ppm wt
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BASF = @ g+ ] £ > 2 2 §°k > WAFHLRE 3 £ 55
BAET %5 99.6%r4 ;5 Total acetylene & 20PPM 127 o 2%
WaEpkRFFECRY - 222 R 19 BRF 27 49 1
F* Zeon T S wlcllAe ¢ g o T RS Y RA
mEch v LB 4 2IREH Zeon T Fw AR B R

] Boiling Point and Solubility in DMF

Boiling point Solubility

Component

C) Val/Vol/latm
Propane -42 4.0 (257C)
Propvlene -47.7 8.2 (25°C)
izo-Butane -11.7 9.2 (20°C)
Allene -343 40.0 (20°C) Less soluble from
n-Butane -0.5 16.5 (20°C) 13t extractive
iz0-Butene 69 280 (20°c) | distillation section
1-Butene -6.3 24.6(20°C)
t-2-Butens +0.2 335 (20°C)
c-2-Butene +3.7 51(20°C)
1,3-Butadiene -4.4 83.420°C)
Methylacetylene =232 85 (20°C) More soluble from
1.2-Butadiene +10.3 160 (20°C) 2nd extractive
Viaylacetylene =51 350 (20°C)  |distillation section
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M Technology, Licensed Across the Global
ZEON's GPB process for butadiene extraction technology, developed through our exclusive
technology, is licensed to 49 plants in 19 countries worldwide.
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I. Energy efficient and throughput enhancing extractive
process for aromatics recovery ; & 41 %5.45:7879225 -

Bl 10-1 5 R4 R EFEn@U AR > 2 & ¢ HERREBE
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H|L A $E(SRG)T Ak & o B 10-2 F_CiE % s B FA7EE 1l
20 2 R4l AR N b BEE M BT 5 5 B X 4R35 (EDC) -
Bl 10-3#75% > £ Bl 10-2 ¢ 5B 4L B SEL X
sefs ez > 2 B 10-2 HlAT A b B R AR A BB
METERBFNHES N
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1. Extractive distillation processes using water-soluble
extractive solvents ; & 4 85#5:7871514 o
B 11-1 ZA75 P~ Z4 W AW 1 & ¢ 3555 £ 44 (EDC)
K 35 (WD) ~ i3 & w fc 35 (SRC) &2 3 &l £ 4 5 (SRG) » A &
& o Bl 11-2 5383 rechi B pApp il Ar 0 2 Bl 11-1 WAe
7 e Bh 83 P~ Z& Ay 35 (EDC2) 78 3R X AR b i 3B oK R 3R
(WWC2) » e BF 3 R £ 4 8B » ok (WWC3) 4 ik 2 74
fv o B 11-3 #ror 0 2@ 11-2 WAR e e B & B R IREE
(WWC2)g (WWC3) = - B -kie3m(WWC4) - B 11-4 &= B 11-5 ¢
AR R 73 H £ 4 #5(SR2)¥ (SR3) » fe 4 # 52 109 - B 11-6
KR EE(WWCT) & 3 &L 4 o

U.S. Patent Jan. 18, 2011 Sheet 1 of 6 US 7.871.514 B2
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FIG. 5
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FIG. 6
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I11. Extractive distillation processes for recovering aromatics
from petroleum streams ; % §5.#5:7666299 -

B 12-1 2375 P40 R0 > 1 & & 355 P 435 (EDC)
%A w e 3E (SRC)& A AL 4 32 (SRG)= A& & - B 12-2 &%
g 13 PN E B AR AR 0 BB 12-1 WAR 7 e B R e p
K EE(SWC) - B 12-3 &2 ] 12-1 @Az 0% = BL2 KA &R E
HIE(SWC)H i Al 2

U.S. Patent Feb. 23, 2010 Sheet 1 of 4 US 7.666.299 B2
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U.S. Patent Feb. 23,2010  Sheet 3 of 4 US 7,666,299 B2
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(5) AR s AR R 2 A

#] 2 1% :2 3 0 & 2 (The Element of a process Design

Package) » “A” Package of UOP is the industry standard for the
components of a process design. It consists of:

A process description.

A overall unit material balance listing feeds and products.
A process flowsheet showing major control loops.

A listing of the major process streams. This listing is the
keyed to the process and utility line.

A line list giving the design viscosity, specific gravity,
temperature, pressure, flow rate of every process and
utility line in molecular weight and mass per hour.

Heat exchanger data sheets.

A listing of pumps giving the volume to be pumped, the
vapor pressure of the fluid and its specific gravity and
viscosity.

Fired heater data sheets, including vaporization curves.
Vessel sketches showing all nozzle locations.

Tray data sheets for fractionation towers.

Compressor data showing suction and discharge
conditions.

L b g
1) R

@ﬂi%ﬁ%#ﬂﬁaﬁ@i%ﬁw’{%ﬁ@ﬁi

Bo o B8 Al - BiERITHE ~7Y > F R ne 3 25355 4p
£ R ),@(heterogeneous catalysis reactions) ~ 323 {4~ &
(homogeneous catalysis reactions)£2 25§ 44«4 & g (thermal
(non-catalyst) reactions) -

) i

b Z A Pojv= ~ iR BE(Triple P @ Profit, Planet,

People)

F117E (Profit)
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CDHydro® Process

CWwW

Hydrogen Treated
———— Distillate

Hydrocarbon
Feed

B 13 e & it 7 A P L A2 ]

Make-up Recvels .
/drog ecycle g \
Hydrogen Hydrogen  Light Stripper w

Ends -
Nnas " Ilﬁ St

v

PErirrrrrrrnt

LP
Steam

2]
FCC [
Gasoline "

Low Su
FCC
Gasoline

B115 @ so4e & %pn A%
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cw  Off Gas

,—'6

FCC C7+ Z
Gasoline
—

_

- L
Hydroge j

CDHydro
Lowest sulfur and diolefins in LCN
Eliminates separate mercaptan and diolefin removal units
CDHDS
Lowest FCC cycle olefin loss via HDS
No cracking yield loss
No diene pretreatment required
No regeneration/feed storage required
CDHydro/CDHDS
Lowest overall octane loss
Commercially proven
Most cost effective HDS in FR FCC CN
Long catalyst life via catalytic distillation
Low capital cost

Bl 16 fi* it FAGH T2 4o & AR ElAEE B B

(1) ﬁkn'&m? REWE ST A G F erde RS
I oy

BAG K E MR end RAZR TE M AREK A R
/)E\‘ 2o

(IV) g el & A-F5 & 5 e Sk (T8 B § 13
Fug 4 o

(V) #f anff i T3 P -Flifciom nE R L4 2
PEEE M RZER B o
1. &3 (Planet)
BV R P iR R R PN F ik
ﬁi%ﬁﬁ&ﬁﬁﬁ%’%ﬁ4‘§“ﬁﬁ&§#gﬁﬁ
. 4-¢ m# % #2 & (People)
gL R RF RF AL PRE O BRS Y
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A APt o F AL R EARE > FF ok BAx
P FRRERE ] o 4ot - Ky A A RSB
e B IEREE 582 8 RE R RBE I (runaway) o &
CEAERME TR 2B ARAER o X 2EF 0 RF IR
ERAE =3 B
()G B LI G A T2
5 = /‘me\ ® 34k 2006 # CDTECH = & 7 % it
ﬁ@w@%ﬁmbﬁMﬁ@ﬂﬁ’égﬁﬂ\iﬂ\ﬁi
FrE AR > MEEMA? > L& 284 30 Katapak & 7 [ ¥
fLenfpis FAp R prL £ 4 o
CDTECH reactive distillations

BEEE

R
a

CDHydro® Selective hydrogenation using catalytic distillation:
+ MAPD reduction in mixed Czs
* C,4 diolefins reduction in mixed Cys
(hydroisomerisation option)
# C4 acetylenes reduction in mixed Cys
+ Cs diolefins reduction in mixed Css
(hydroisomerisation option)
# Cg diolefins reduction in mixed Cgs
+ Benzene reduction in LSR and reformate streams
+ Mercaptan reduction in Cy/Cs/Cy olefinic streams
+ Hydrogenation of benzene to produce cyclohexane
CDHDS® and Desulfurisation using catalytic distillation:
CDHDS+®
+ FCC gasoline
+ Jet fuel/kerosene
HDSelect® Selective desulfurisation of mid catalytic naphtha
CDSelectSM Low cost desulfurisation of low sulfur catalytic naphtha
CDAlky™M Sulfuric acid alkylation of olefins
CDMibe® MTBE production from mixed Cqs and methanol
CDEtbe® ETBE production from mixed Cys and ethanol
CDTaime® TAME production from mixed Css and methanol
CDTaee® TAEE production from mixed Css and ethanol
CDEihers® Co-production of ethers from mixed C4—Cys and
methanol
CDEtherol® Selective hydrogenation of diolefing within ether
processes above
ISOMPLUS® [somerisation of #-olefins to iso-olefins
DimergM Dimerisation of iso-olefing in Cy streams
CDCumene® Alkylation of benzene with propylene
CDIB® Decomposition of MTBE to high-purity isobutylene
CDTECH Alkylation of benzene with ethylene
EB®
BASF SELOP Selective hydrogenation of Cyqs and Css for diolefin
reduction
CDAcrylamide™™ Hydration of acrylonitrile to acrylamide
Sulzer Superfractionation of mixed Cys to produce high-purity
Butene-1 butene-1

% 2 CDTECH = & it ?—f@ﬁﬁdﬁ‘—ﬁ;ﬁ_éﬁ
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Catalytic distillation in commercial operation in 2006, licensed from CDTECH
(1]

Process Number
Ethers: MTBE, TAME, ETBE 69
Hydrogenation of aromatics and light sulfur 50
Hydrodesulfurisation 21
Isobutylene production from C4 stream 3
Ethyl benzene production 3
Total 146

# 3 CDTECH = 7 = 75 # it anighit z Ay Hir i 42

commercial reactive distillation applications with Katapak licensed from Sulzer
Chemtech [4]

Process Industrial column location
Acetate

Synthesis of ethyl, butyl and methyl acetate Burope

Hydrolysis of methyl acetate Europe and Asia
Acetalisation

Synthesis of methylal Europe and Asia

Removal of methanol from formaldehyde Europe

Fatty acid esters Asia

% 4 Katapak = 7 ¢ F £ 1L chig it FapHirilfe

(4) i A Hprl Az F 517 3
-9 %ﬁﬁ(Dimethyl Ether)s4 &
(I) FRRP ﬁ?ﬁ‘L‘:’\‘ﬂ W E ‘JTJF m@ﬁit‘ » - ¥
£M£§£mﬂ@é R R TR
M%ﬁ%’ﬁﬁéﬂ#ww ﬁ%ﬁ’fkﬁﬁ

FEL TR E o 3R E A 2050~60 0 g Gk
@#w%fngr%’ E¥ iR & § (FalE i
FoAod] o T E kALY (TREEL S H R

p'mm—' VUL R R R R A ALE T
e ETR 2'53?'3 °
(“)Ff@-ﬁﬂx' AAFZUEmEL A T AR F RS

Yo7
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Lnr

2CH;0H < CH3OCH; + H,0

FoiE 5

g%i-—exp[—25.75+

11138]
Y T

ke = ko exp(—£, /RT)

Arrhenius Bl &t % 77 N (R BI17) %71 0 ko Bcig 7 4.72
m3/kgcat.s * E, #ci@ % 51.7 kd/mol -

T (K™")

0.00240 000245 000250 000255 000260 000265  0.00270
220 1 1 L 1 1

®
25 4

-3.0 +

-3.5 -

Ln (K,/K,)

5
0.0024 (L0025 (0.0026 0.0027 0.0028 0.0029

T (K7)
Bl 17 -k & 9 mewo s T =3 vl @ 2 Arrhenius B8 & B B
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FRALE % FlF ( PAES T AT A o deAmberlyst
35, Hfulcnd e W Rt ke T 259046 -

Table 1. Physiochemical properties of Amberlyst 35.

lonic form Hydrogen
Concentration of acid sites b 5.2 eq/kg
Surface area 45,000 m/kg
Average pore diameter 25 x pum
Maximum operating temperature 413 K
Particle size 0.700 - 0.950 mm

%5 Amberlyst 35 f§ 4412

Table 3. Comparison of patented CD conditions with this study.

Nemphos and

This Study Hearn, 1997

Catalyst Amberlyst 35 Zeolite
Catalyst Zone Temperature (K) 399411 623-673
Column Pressure (MPa) 0.82 4.1

7.6 Amberlyst 35 fF 44427 H & fF 40 B

Table 2. Optimum input parameters for Aspen Plus simulation of
catalytic distillation of methanol to DME, low catalyst loading.
Feed Stream CD Column
Temperature: 298 K Total stages: 30
Pressure: 0.9 MPa  Rectification stages: 1-7
Flow rate: 2.5 mol/s Reaction stages: 8-20
Feed composition: Stripping stages: 21-30
Methanol: 100 mol% Feed stage: 8
DME: 0 Catalyst loading: 9.23 kg/stage
Water: 0 Column pressure: 0.9 MPa
Reflux ratio: 9 (mol)
Distillate to feed ratio 0.5
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%7 Aspen Plus g i Z & 85 fi g if 2

(UDRERE-5 5

EEheB18 s E L AT

/l—b DME: 1.25 mol /s

Methanol Feed: ——»
2.5 mol/s

: 12 Aspen Plusti-st 4t #82 =

LI A

Water: 1.25 mol/s

B 18 7 AR g it = 7 MR Z AR R R

(IV) &% © 12 Aspen Plusti-sz #ic 44 =7 1%
AR - " ARGTER -
- P AR RO~ LY EAER
7 S
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Top liquid DME (mole fraction)

Top vapor and liquid DME

0.95
0.9
(.85
0.8
.75
0.7
0.65

0.6

(mole fraction)

B R % 5320K 0 32k % 5 450K -

i ' P—— -1
: - 0.995
1 - 0.99
. —3—Liquid - 0.985
] —&— Vapor
T T —s T T 098
10 15 20 25 30 35 4 45

Bl 19 it AR Y - 7 @k B 2 A F 3R

=
[ =]
|

=
-
1

=
=
1

Total number of stages

—4— Vapor
—{—Liquid

0.5

T T T T T

2 4 § 8 10 12 14 16 18

Feed stages

20 22

B 20 7 fpagspl =% ¥2 - 0 A mienik B Ap M B
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Temperature (K)

.y 2 PO SO S e
453 |
433 -

413 -

——0.7TMPa

—f-— 0 8MPa
333 —a—0.9MPa
213 A —3—1.0MPa

Top vapor and liquid DME

T =1 T

1 3 5 7 8 11 13 15 117 19 21 23 25 27 29

Stages

Bl 21 feLit ZAFEEE R 2 R4 2 4p B F]

1~
0.85 -
0.7

(mole fraction)
=
bk

——Vapor
0.23 1 —=—Liquid |
U‘.l 1 T i i
0.60 (.70 0.80 0.90 1.00 1.10
Column pressure (MPa)

Bl 22 = 7 ApiA Sk R &R 2 40 M F

35



Top vapor and liquid DME

Mole fraction

{mole fraction)

0.8

0.7

0.6

05 -

e -

0.3

B mmmne 8 BB s 4R R R R

—&— Vapor

~r— Liquid
L T T T l -\mmmu.‘i
4 5 il 7 8 9 10

Reflux ratio

W23 = 7 AmA &kRE W 2 4P B R

Reaction zone

Methanol
Water

Temperature

460

440

420

400

380

360

B 24357 A e L 2R R F
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Mole fraction

0.4 4

0.3 4

0.2 4

0.1 1

0.0

Reaction Fone

————— DME
Methanol
—— — Water
—8&——  Temperature

Lo ="

460

- 440

- 420

- 400

- 380

360

- 340

Stages

25 %7 § W& 238 & )

# iy it £ R (Transesterification)
(D :

320

“03) Ay 1 F 2 dp i % (RCOOR”) £ i 47
(ROH) #&% - W B TR &

Column temperature (K)

R AN

b - #Efa %A (RCOOR’) 2 & 42(H126) - & @

AFLD 2B RS BRI R G

ZEYMA - FIRYM RS AR B
FHEfg it F TS > A R R P Ay (Fatty
Acid Methyl Esters ; FAME) » iﬁ{b’%?\;ﬁ z 3
74 4 (Biodiesel) » B3 H i (R A 4 ) o 4rBI27

r:l-rﬁ- o

&g it & 5 — ¥ i i 47 (Reversible process)
(Freedman et al., 1986; Schwab et al., 1987 ) - if
e > Y fR(TG)AE? iBE 4 - i

H b fin e § - BP9 Y fy (FAME) »

A

FE¥C

R (DG 27 BF 2+ HEA W
(MG)2 & = B vspe® fin > (s » H i ¥ fy

EHVEE o S B - BT Ay gl
& b (F128) » T1 ¥ 2 (Moles)z = FH i fig
23 FR L UEE g a2
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foBrd b o R Agirt 527 @ F REUR
Hoo e 22 TRRE A FAREIE S E

T T
[
C + R’OH © C + R”OH
/ N\ / '\
R OR" R OR'
5 &% i i

Bl 26 # L F

H H
|
R,COO-C-11 R COO - CH, H.C-OH
|
R;COO-(;-H " CH;OH = RCOO-CH, + H- (|: - OH
R;COO-(E-H R COO - CH, H-C-OH
H H
Z.EEH b AY Ll & H H b

100 1bs of oil + 10 Ibs of Methanol «<— 100 lbs of biodiesel + 10 Ibs of glycerol

W27 =2 o b fa ¥ IR F L F

Triglyceride (TG) +R’OH—}Digiyceride (DG) + R COOR’
Diglyceride (DG) +R’OH—Monoglyceride (MG) + R,COOR’
Monoglyceride (MG) +R’OH—Glycerol (GL) + R3COOR’

Bl28 = pay b fg @i i F B2 = P Y fig
224 9 2 842 (Freedman, 1986)

(1) i * 5~ Zap g 7 A fq (Butyl Acetate)
A F P Ko az(Poly vinylalcohol, PVA)E_
- BokB MRt o RILSE Y BAEFE A
P F R R 21992# 11998 2 & 4Ry
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Ei72%h £ > ¥ B o B —JF%%@ oM BT
G g eh il AU 7 FEE S O fig K kTR EF
e & d BN ik e /TF fig (poly vinyl acetate)-k j#
A& kfRF BT BlA ST A fg(methyl
acetate, MeAC)# # » &2 4 vh¥ 2 # ¥R C K
A A &6 L68HEeT Ay o i ¥ 7 A 203
Bw ﬁ%r‘ » 4oMM20i% % £30Wt % 7 A Ay o
é—@'ﬂl Lk‘F'//‘/P?‘: ’é;,/\gflﬁ'z-% ’ fg{'—ﬂ%}é’?
BTG S T U] 0 D S
m FA T E hd 3 e B ke
A% (ethylene glycol )& i3 & » 1% X3 Z 4535
#-MM20:% % = 5 MMB80(80 wt % MeAc) »
WA AR OB LI Z AR 88 (reactive
and extractive distillation, RED) » # #-MM80:£2
&+ 7 f&(n- butanol, Bu-OH) * J& = = £ fig
(BUAC)# ¥ fis » = kg tefi % ¢ % i e 35
BiE e o @ U AR G EEY T AL S
—flj’i’r o

IS RS S SRR Sl | T
At B F 40T

Medc + EuOH <~ BuAc + MeOH

r= 2018 x 10® exp(71 960/RT) 41 Cou0m
— 2.839 x 10% exp(72 670/RT) GayacCrteci

il B0 A fosS ¢ BI29-8 3P & A end B i
AAEYE 0 4 A7 AP, m@iﬁ.@_%}%%}:ao , #
#T-1008_ % & F A o 4% k2 7 fEens 4
FiE o 3 MM20E# P R0 en® g 0 3§ 7
A g ek B 2 5 MMB8O0 ; T-200 8 % B~ g it %
B L EF REHEEZBEE TN R
Bf»m,/\ﬁ‘w]wu«-' ? % (o-xylene) ; T-300 =

%A w T iE  T-4008_7 fAfq etk B3 o L 8E
j’%l?’fﬁ_%{{lu{ i+ 80 48840
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Table 1. Operating Conditions Used for the Simulation
of the Reactive and Extractive Distillation Column
(T200)

parameter base case  range evaluated
reflux ratio 3.0 1.5-35
diameter (m) 0.55 unchanged
Ffactor (%) 50 80
pressure (kPa) 101 101250
no of reactive stages 6 4-11
no of stripping stages 5 4—10
rectifying stages 30 20—33
entrainer feed stage 23 20—26
MMB8O feed stage 36 33-39
BuOH feed stage 28 25-31
entrainer/MeAc ratio (mol %) 1.98 1.8-2.2
BuOH/MeAc ratio (mol %) 0.988 0.98—1.02
WHSYV (gfeea*h ™1+ gear™ D) 26 20—40
reboiler load (kJ+s™1) 149.6 unchanged
condenser load (kJ+s™!) 137.5 unchanged

# 8 Aspen Plusz B~ ighit Z & 35 gt 18 12

Table 2. Operating Conditions for the Distillation
Columns in the MeOH Purification (T100) and the
Solvent Recovery System (1300 and T400)

parameter T100 T300 T400
reflux ratio 2.0 7.0 5.2
diameter (m) 0.40 0.40 0.40
pressure (kPa) 101 101 101
no. of stages 30 30 40
feed stage 10, 10 20 28, 30
reboiler load (kJ+s71) 97.4 126 88.6
condenser load (kJ-s71) 66.02 1222 92.4

2 Partial condenser.
# 9 Aspen Plus T100/T300/T40035 fi-%% ix i+

iv 2% @ 2 Aspen Plustics ir f #r 8 3l 8 % » ok B
it A T-2000 © AR T Sk A B g 1t
R EBOR FEY A SRR R
R =g A FRG T B A
e e F B A BEE 2 M %~ T-4003% 4
EeBuAcw iR A A m 2 B TR 0 L
31~36 -
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Minimum reflux ratio @7T200

Transformed mole composition, X y.0u4

1.0 — —
//_F__— S
e ;,/,.,- o
P o
0.8
]
B >
06 | Y
3™ Reactive distillation
boundary
0.4 T TT——
Reactive extractive ™~
-7~ distillation column
02 —_— \
—
——
0.0 ' T ' : ' '
0.0 0.2 0.4 0.6 0.8 1.0

Transformed mole composition, Xg,a¢

Bl 31 S p-igit Z 4 T-200 ¢ 7 A2 7 Afgfdfin I Pk R F

2.0

._l
=y

0.0

(35 /& 5 101.3kPa)

== MeOH + BuOH

—Me OH + BuAc

0 0.2 0.4 0.6 0.8

Tann i Ten aa

B 32 Z P~ igit ZAGHEY A &Kk R & vt 2 4p B R



1.0

08 K

0.6 +

04 -

0.2

0.0

-181

-183

-185

~187

-189

Reboiler + condenser duty/k]-s

-191]

-~ — -
K

Mole fraction

Y
i
. A
. £
— Me Ac 1 -~
. &
——BuOH 1 o~
--- BuAc . 3
A £
4 \1‘
-+ MeOH Fasins, ;
i NI e —
== p-xylene -~

11 Z1 31 41
Stage # @T200

Bl 33 Z Pl ZARE Y L & Ak R R

Vapor feed stage #

—33 32 —-31 —-30 —-29 -—--28 —27

3 27 29 31

Liquid feed stage @'1400
R 34 T-400 4 % g enig sl = § g2 g 4 %
e REE D AP M E
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Reboiler + condenser duty/kJ-s *

Reboiler + condenser duty/kJ-s !

245

235 +
225 ¢
215 ' ' ' ' ' '
76 78 80 82 34 36 83
% BuAc recovery @ T300
B 35 T-300 ;3 A w fc ¥ chw Jo o 2 A &
te A GRERE JF AR B R
245
235 -
215 -
215 : : : :
0.3 0.5 0.7 0.9 1.1

BuAc recycled from T400/kmol-h™

Bl 36 o T-400 4 @ ¥ Bulc w e £ 4
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