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Abstract

Reduced equipment costs and increased conversions are notable
features of reactive distillation processes. On the other hand,
dividing-wall distillation units can not only reduce equipment costs, but
also save energy. In the context, this study explores the design and
optimization of a reactive distillation system involving the esterification
of mixed acids with methanol. The main purpose of the process is to
produce 98 wt% methyl acetate and 99 mole% methyl propionate, and to
remove wastewater at the same time. A conventional reactive distillation
process is designed and optimized with the goal of minimizing its total
annual cost (TAC), and the effect of methanol to mixed acid ratio (R,,) is
explored in the process optimization. It has been shown that when 1 <
R < 1.022, only two columns are needed to achieve the specified
product purities. However, when R, is larger than 1.022, an additional
column is required. It has been found an optimal conventional reactive
distillation (RD) system can be obtained when R, is set at 1.022.

On the other hand, the optimal RD system can be transformed to a
reactive dividing-wall column (R-DWC) scheme. It can be done with an
iterative optimization procedure. The optimized R-DWC scheme
revealing a 49.1% reduction in total reboiler duty can be realized, when
compared with the optimal conventional RD scheme. In terms of TAC,
the R-DWC scheme is also favored with a TAC that is 15.1% less than
that of the RD scheme.
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szl A g ekl A w G 4.9mole % £ 7= -~ 50.71mole % 1-7 U=
6.95mole % i ~ 'z ~ 9.46 mole % trans-2-~ ¥z -~ 27.98 mole % cis -2-
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or DWC APt B ZA5 R 7 & it Ao W5 43.7% -
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Sargent and Gaminibandara (1976)#% 1 — B = 22 & 3 & 3 5
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D
B

Satellite Column
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a— Main Column

B 2-13 = = & Z 4547 5 (Agrawal, 1996)
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2 16 > Rong(2011)#% i w @) B i bk M-fi H ZAGAR R ¥ F
ic2. DWC #2F > 4of] 2-14 #7771 - e@F e S SR EF 7 5 2 | H
FAEARREY - BEEENLH s ALkiEss oA xe D
RE s s e e - AP I H Z4 w5 (Simple Column
Configuration, SCC) » 4c ] 2-15 #7717 » % = 3 £ #3Z B AL xR F
e e 0 & Z 4542 5 (Original Therally Coupled Configuration,
OTC) » 4r@ 2-16 77+ - @] 2-16(al) % - & #E4p >t K 2-15() "> 7 -
BLAB-uptgde > m 52 H L RBELRAEEHE AT PE 2
#2 5 % (Thermodynamically Equivalent Structures, TES) » 4] 2-17

#owrg o ] 2-17(al.1) - 2-16(al)z % — A g 5 - AL o F dra

She

R S B TS Ap g 2 A2 A > Hv i o RS- 0 4o 2-18
#rom o0 -+ — 2. TES # 4% = DWC 425 (Dividing-Wall Column,
DWC) » §] 2-18(al.1.1)R| 4B 2-17(al.1) % — £ 5 % - L3 s o 2

— A NN EgARE 0 B i o
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Step 1: The subspace of the Simple Column
Configurations (SCGC,,)

tep 2. Generation of the subspace of the Original J

=W

hermally Coupled Configurations (OTC,)

U

[ Step 3: Generation of the subspace of the
14 &

Thermodynamically Equivalent Structures (TES,)

!

Step 4: Generation of the subspace of the Dividing-
Wall Columns (DWC,,)

Bl 2-

4 DWC 42/ 2 = # 2% (n== 4 #&) (Rong, 2011)

(al)

ARCD
—>

Bl 2-16 #1 % & #4542 5 (OTC) (Rong, 2011)
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B 2-17 22 OTC #v»c % 4p % 2_ 42 5 (TES) (Rong, 2011)
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e { S
1 3
T ( ABCD | .
J |
‘_
T_—'?_. ’
_in
{63.3.1} {53 3, 2}

ABCD

L]

ﬁHED

(FEFT-F)
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(a3.3.3)

ABCD

A,

B 2-18 P 1§45 3% #4542 5 (DWC) (Rong, 2011)

B 2-19 ¥+ P IE4F 3 F B & 45 42 & (Reactive Dividing-Wall
Column, R-DWC)z ;& it 4% > BN FAERAE T B2 BAF R EAE
B& DWCH 7 108 2L - 4% RDWC Z#F BB AL s
APREEF TR RPFALENF BE OISR AL AR LT
CABREAP A FE LI BB RFEAASEY HA A2 A
Mt ¢ TR AAPE LA L AR AR B RS B E
ERAERT T - BRLABE - BLRABR BT ARSI EES

TAC -
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Reactive Distillation

Y
v Nk .

R

Distillation — Reactive DWC

/@, -
-
Dividing Wall Column

B 2-19 P FedF 3N F R A 4542 A (R-DWC)iw it 2 i 42
(Kiss et al., 2012)

Kiss et al.(2012)#£ 3 7 @ g R F 4 = = 7 Bfe-k & Su2 #hR -
HE* 7 UNIQUAC # 4 § jE M R siciic;t > 3 2 RadFrac fi05% % #56

ll’L f v'b’;xj Az };f@;\"&r’_r .
2CH;0H <> CH;0CH; +H,0 (2-1)

MR K R Z 442 A (R-DWC) [B] 2-20(b) [k =i & 44 7 i@

SF AR [B2-20@)] ERT G 2 BRBAL LT A S8 B Y
A B P REFERE Y CREFERERETE R
FESNRIASFEEERB IR swR e EFF B oF MBS
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® R-DWC 425 i T Beiff * 2 3%k > i3 % % 81 R-DWC 2 it £ 3
R BAF REHARS G0 8%+ 0 @ TAC RISt @ sLr B

kF2 B 48% o

() (b)
i DME

Methanol —p

E> Methanol

—p Methanol

Water \&.’ Water

Bl 2-20 ()i 55\ 2 F w442 i, (D)) FdF 35 F & % 45 #2(R-DWC)
(Kiss etal., 2012)

Dai et al.(2015)R|#-#t 7 p f&(PROAC)¥ & 3 iz (PROOH)2 fy it

F k¥ 32F 4 &3 fi (PROPRO)fe-k (Water) » £ fis 3% 40 ;
PROAC + PROOH <> PROPRO + Water (2-2)

Dai et al.:£# 7 UNIQUAC /&M i Bicficst » 2 3k 20 8 p pe
DA A (21 12) 0T N R S F b F 442 A (R-DWC)
T BNE AR R R 2% (B 2-21) R 5+ R-DWC 7 4

a4 12.4%z_ sc 42 > @ TAC Rl @ sz 4425 ° 7 16.4% -
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(a) PROOH = 0,9999 mf
PROAC = 1.871e-21 mf
H;0 =9.898¢-06 mf
PROPRO =9.010c-05 mf
RF = 10.13 kmolthr

RF

RR1 = 0.677

- PROAC = 0.0017 mf
U_:L_) H0 = 10,9960 mf

PROOH =0.0015 mr RR2=7-134
&Z Wt
PROPFRO = 0.000)8 mf E Qc=0.1502 Gl hr
P

D1 = 49.99 kmol‘hr

E
A

\\\“'JII

6 PROOH = 0.024 mf
PROAC = 0.009 mf
H30 = 0,017 mf

Feppac = 50 kmol'hr

D=1.036m !
0 =2.490 GFhr o

D = 0.6856 m

Or = L840 GFhr
Qe =1.819 GIhr
0 Np=35

Nrz=33
Frroom = 60 kmol/hr

PROOH = (L1688 mf
PROAC = 0.002 mf
Hy(r = L&T1e-06 mf
PROPRO = (.8292 mf]|
By = 60L00 kmol/hr

N

F
I
»n

[
| .

PROOH = 2.031¢-05 mf
PROAC = 0.0025 mf

H;0 = 1.096e-22 mf

—— PROPRO = 0.9260 mf
B = 49.87 kmol/hr

2 Column

(b) RD Column (C)

RF

Vapor split ratio
" a4~ VIV

l " PROPRO
?\:f:) .

Bl 2-21 () 1% s F i & 442 5, (D)R-DWC 425, (C) & if it 2 R-DWC
#2 5 (Daietal., 2015)
Wang et al.(2014)#i# 7 sk o 4 fin (PC) & ¢ % (EtOH) 2 fip it ¥
AR o 35fn 0 F k4 %0 = ¢ i (DEC) e f = f(PG) 4 st 0 &

B AT

PC + 2EtOH < DEC+ PG (2-3)

BHCEEY B P E S T UNIQUAC 75 1 T BolEsS o s B L P

B 4™ - EtOH(78.3C) < DEC(126.8°C) < PG(187.6 C) < PC(241.7C) -
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4B 2-22 #77 » BI(D)E_ U Bl(Q)7 2 BALE R AL RA KB FRE
FHaE 2 % RO d Bb)22E > 25T #
BLF RAEHAR Y BFr REAARYT LG g 281%5 & 5
(a) -

Q97324 KW
/‘E :

RR;=2.14  280.77 kmol'hr
EtOH 99.97 mol%
DEC 0,03 mol%

Q,=4073.8 kW
i)

RR,=0.185

PC 25 kmol/hr

313.64 kmol'hr
EtOH 92.00 mal %
DEC  7.9% mol%
PG 001 mal%e

P=1 atm

P=1 atm

EtOH 49.95 kmol'hr

)
Q,,=4508.2 kW

24,98 kmol/hr
PC 0.1 mol%
PG 99.9 mol%

Qy=9793.6 kW

25.00 kmol'hr
PC 0,01 mol%
DEC 99.9 mol%
PG 0.09 mol%

(b) ) (©
. C ) =9787.6 kW 289.77 kmol'h
QIR KW e FIOH 99.97 mol%
1 DEC 003 mol%
i
RR=2.146
RR=L146 289,77 kol
EtOH 99,97 mol%s
DEC 003 ..-ul-v
PC 25 kmol'hr ——
P=1 atm
P=1 atm
1
EtOH 49.95 kmol/hr
pC A 4
PC 25 kmolihr 3 P=1 atm
-
0, =4544.5 KW 8
] 40
Q,,=5738.5 KW

24.98 kmol/hr 5 P=1atm

PC 0.1 mol'% [

PG 599 mal% o 25.00 kmol/hr

EOH 49.95 kmelihr fsi

Q57385 kW

-
=4544.5 kW

PG 0.09 mol%

Bl 2-22 () 555 o B2 R, (D)fr(C) 5 B0 & 2 F o F A AR

v o~

(Wang et al., 2014)
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An et al.(2015)3F 34 ¢ fa(HAC)2 7 fE(MeOH) i 7 2 fig i* & Jis »

4 &z e ? fig(MeAc)£ -k (Water)z. 5 5L > & 58 4o
HAc + Methanol <+ MeAc + Water (2-4)

HHEES 7 UNIQUAC &M et 5P & 22 ot § %
gL B 4o T - MeAc(57.1°C) < MeOH(64.7°C) < Water(100°C) <
HAC(118.1C)  H ' g7 = fdF RE&HEAE KL B 7 0 ¢ 45§ 2-23(a)
ST E L EEF REARR > 7 B 2-23(b) 5 % wagfle
et ol b(=1:1.2)2 B R e AALRS 0 B 2-23(C) 77 K Tk &
Bl 2-23(b)4p Fe % % 2 FRAR 35 5 R A4 AR A (R-DWC) » Bt e & &
7 B 2-23(C)R-DWC #2.5 1 B 2-23(b) 35 F R F4s 2R &% 7 17.7%

LA B4 07 83% HiTX A o ¥ RS 155% R & X A o

e fl 2-23@)H 355 AEGRA A B AN EFRETACH A v A fE
g4 Bisdrk G L RIEFIZ 6 0 B 2-23(C)R-DWC 4254 ¢ #j =

543 H B A R oo
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MeOH

1] |
s i S

() (d)
MeAc
No liquid split
MeOH
. RC
MeOH T
—l- —— Dividing wall

Vapor split Qv=VR/V

Bl 2-23 () 557 it i, (D) F B E44 5, (R-DWC 425,

(#reF4p g ()2 MEEF BEERR
(Luyben, 2000) (An et al., 2015)
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Kiss(2011) #-#% 7 *q %5 i (Fatty acid, R-COOH) ¥ * fg (CH30H,
MeOH) 2 fig i* & J& & 4F & 5L F b2 & 7 " 95F ¥ fip (Fatty acid

methyl ester, FAME)£? -k (H,0) % Ytfickt » F R\ 40T

R-COOH + MeOH « FAME + H,0 (2-5)

B P 22 F Gl S 1 UNIFAC R3E0p) & 44 = & %
Z_E Ml ¥ iE# 7 RadFrac #557¢ 0 ® @ * RateSep #-7% k& (7 HC
B0 Bl 2-24(b)2 # 2 4% F(FEHE) £ 451 B 2-24()2 % BRI F
(HEX1 v HEX2) » st 2 %1 CBRE L2 F BARRBF K

2B PR A% L L2 B Ko

-

{FAco} == )< [Aco <
F-ESTER

=

COCLER

B 2-24 (a) 19 suF e @AGAeRh, (D) SEBFE & 2 F Badits
(Kiss, 2011)
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£t 4 A FAME 2o % 5o Kiss et al.(2012) - prdg 417 N R
N F A AR (R-DWC) - B3 0 Aple 2 781 e Sl @ 7838
RadFrac /2 RateSep #i3% k& (7 ## > ¥ &K 20 8417 g "pihpaz
Bt )% 3t 115 fEe S 5 (B 2-25)% 7 R-DWC A2 B gt @ ALk

AL/ > i & F RALE 25% = % o

[TOPALC}

MeOH >80 %wt

SIDESTR

RECYCLE ﬂ

>89.0 %wt
COOLER

MIX

HEX2

ALCO1 }—G’— 3
: MeOH >97%wt >00.9 %wt
H,0 < 3% wt 1250 kg/hr

B 2-25 R-DWC #2 % (Kiss et al., 2012)

Sander et al.(2007) #5537 ¢ i ¥ fg (Methyl acetate) s -k (Water) 2
KfEF & F 2 =0 7 fg(Methanol)fre & (acetic acid) @ & & 3% 4
T

Methyl acetate + Water < Methanol + Acetic acid (2-6)

HiEH I UNIQUAC F BBy e ke > i 2 =2
AR R 4o T - MeAc < MeOH < H,O0 < HAc > ¥ #-[§] 2-26(a) %
SLF e mAGARS % Bl 2-26(b) M FRtF 3t F e A& 442 (R-DWC) > 1

"9 B kB R-DWC 425 2 e % o
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(a) (b) MeOH /

MeOH : 4 MeAc "
eOH/__ L& £
- <]  MeCH-~- - >
e Water ]
Wat N e
N - MeOH
,x\ MeAc 11
MeAC ——t ] XY\
HAC I MeOH /| 5 _HAc/ ) (Y t:.A? !
Water Water Water

Bl 2-26 (a) & so F Ji % 442 5, (b)R-DWC #2.5 (Sander et al., 2007)

Halvorsen(2001)3% &1 & -] Z § £ k3424 > 25 Viin B0 20

1

P - RPN A SRR EAEE YT M Vi Bl 2 AT
A R MR ET R Y AL R E A KL T Azt

LR N TIGR ¥ R S L O I g SR o R S
P o g2 2 i 2 4 Underwood = Azst ek # b o BRKE 5 (D)
BHIBFEE QLA HEF RS LE > Q)i FFEks 217
Fimo = A iR & 4 (ABC) (B 2-27) % 6 B B # B apx> o > ag

H o

Wi

F(1-q)=Vp-Vg ¥ F=D+B (2-7)

AAZA aBZB AcZc
(1-q)= +

aA-e ag-0  0c-0 (2-8)
Vi1om OATA TZA ORIRTZR OcIcTZ
T,mm: ALA,T A+ B*B,T B+ CIC, T4C (2_9)
F o, -0 og-9 oc-0
D
T =TA TZATTR TZB1TC TZC (2-10)
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—E: v rA’T ‘I‘B’T ‘rC’T:/n\ ﬁ:’lé A-B- C ™ ’,}_fg‘%‘?\‘?ﬂifﬁ
Za 2~z A B s ANBC AR A AEPRF)ZERE A F

quigspLik 0 Fugsgin g o DR o BEERIRE 0 Vigs £

AR T L IO T ¥

DA

1. d 34(2-28)f% ) 2 f& Underwood 12(0) » & 5 T 7]z ~ -] B T
(XA> 6A> U'B> 6B> Oc

2. JE_kBz AR F Fo hEk* S22 0 E > 4o 2-27 4T
Pagidt 4~ 33530 R i2(7 AIB2 28> faqr® Op 5 » #0522

rA,T = ]—; I.B,T = 0%; » )?\‘ (2'9).';2? (2-10) y P %E,’ J«LL 1‘3‘2\!:’

D VT,min _ AAZA
[F' T ]_[ZA;E] (2-11)

Pec: M4 atdpd R8T AB/IC 2. » 3t > #afk ¥ Og B > #-0g &

rgr = 1,1cp = 0% » 5%(2-9)£2(2-10) » T 7 18 L 8

%__

QAZA OgZp
(IA-GB (IB-GB

D VT min
[— : (2-12)

F’ F ]z[ZA+ZBr

Pac: #4335 0 827 AICZ FE A 8t » & ™ Og B » #-0g s

tar = Lrgr =Brer = 0% » 54(2-9)22(2-10) » r+ {7t B
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D VT,min] _ [Z + 0aZy  OBPZy (2-13)
— SN . )

F ’ F ’ (lA-eB (IB-eB

BeY BBAAEETRLwE

PQ::LZ"I'A’T = 0, rB,T = 0, rC,T = Ojr%h » ;7\: (2'9)—';2’ (2'10) y P %5’ 11'[“ 'i;'i"L

Pu#rar =Ly = Lrcr = 1% » %(2-9)#(2-10) » 7 1@ gk

D VT min
|5 5 =1 (2-15)
VrF Sharp A/BC split Sharp AB/C split
A
4 ‘B ¢ Zc
< > > D
: A/BC 1 Po e VAB.'B
Region A Pag: Vimin A BC- ¥ Tmin . fb
V=V, o Region B 4 Region C
above this “The preferred split” v T L
“mountain” AC 'T T
PAC- I Tmin

Region ABC
046p

Vr=D (Ly=0)

Infeasible region

Vy=(1-g)F or T'g=0

Bl 2-27 = =~ & 3 (ABC)Z Vpin Bl
(Halvorsen and Skogestad, 2003)
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BTN IR S E A B (DWC) > 1w & AR & 4+ (ABCD) 2 A dit
= bI(B) 2-28) » B B ay> o > o¢ > ap 0 f£_Underwood = 3t

Gk

= .

OAZA (XBZB OcZc 0OpZp
(1-q)= - +

2-16
o-0 aBG ac-0  ap-0 ( )
Vi oo [OATA TZA  ORIRTZR OclcTZe OplpTZ
Tmin _ [@ATA1ZA  ®BTBTZB  OcfcrZc | YpID.1ZD (2-17)
F o.-0 ag-9 oc-0 ap-9
D
T =TA TZATTB 1ZB 1T TZCc D 1ZD (2-18)

B¥ rarctgr cfer tipr A s ACBCo DS A REBETER LS

Za 2~ Zc ~Zpi~ B E AB~C D 2 s ERF)ZEE A

13

ﬁ-ﬁglj—rﬁ'ﬁ ﬁZFJ A :i—//:—

PN

1. & 3%(2-36)f% 1 3 B Underwood +2(0) » & 7 T 72 = /] B Tk:
(XA> 6A> (IB> 6B> (Xc> ec> ap

2. ¥ iz ART R EPH LG 0@ boF 229 “
PAB( VTmm) LLA’\“"‘;ﬁ‘i—é L & 2 {7 AIBCD %~ ’4’\1‘4?\- FOARH Oa &
j‘g‘eA rAT—erT—OrCT—OrDT—O%?“\(2 17)1",;3

(2-18) > ¥ {8t gL
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D Vimin] _ OAZA
[F' F ]_[ZA’aA-eA] (¢-19)

Pec( Viiin + Viomn): o A 88583 & & (7 AB/ICD 2 A4 3 » i
*OgiE > M-Og&rar=Lrgr=Lrcr =0,rpy =04 »

(2-17)22 (2-18) » T+ {8 pt mL

AaZp ~ OpZp
(xA-GB (XB-GB

D VT min
[_ : (2-20)

F, F ]=[ZA+ZB,

Peo( V§hhint Viazn+ Vioan): o4 A 3853 & 32 7 ABC/D 2 A 3

,min
‘TLECIHQ? ec () %—Ocﬁi’rA,T = 1er,T = 1'rC,T = 1,rD’T =0

4~ 58 (2-17)22 (2-18) » T 1E po gk

OAZA 0BZp OcZc
]Z[ZA+ZB+ZCJ +
(XA-GC (XB-GC (Ic-ec

B VT,min
F’ F

(2-21)

Pac( Vimin) 4t 4 #i¥5 1 £ & {7 AB/BC 2 4 3t » cfit * 0g & > #
O & rar =137 =B rcr =0,1pp =07 » 5%(2-17)
(2-18) > ¥ (2Bl

0aZp  Op BZB

(XA-GB (XB-GB

D VT min
[_ ’ (2-22)

F'~F ]ZIZA+BZB'

A BB A AETEZ v ok

Pep (Vimin + Viomin):dt 4 #8531 & & /7 BC/CD 2 A 4t » &
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FE* OcE 2 #-0cBrar=1Lrgr= Lrcr=v,1mpy=0%

» 7$(2-17)¥2(2-18) » ¥ 7 8L

D VT min
[— : (2-23)

OAZA ~ OBZp (XCYZC]
F' F

= |z +z5 + YvZ,,
] [ A BT c (XA-GC (XB-GC (XC-OC

2y Ca R W

Pao( V)it A 888 3 & i 17 ABC/BCD 2 A 4> &k * 0c &
#-0cBrar = Lrgr =PB1cr =717 = 07 » 34 (2-17)%

(2-18) » F 7 17 4 8t

B VT,min
F' F

0aZs  OpPzg  OcYZe

(XA-GC (XB-QC (XC-GC

] = [ZA + Bz + vz, (2-24)

Pojz" rA,T = 0, rB,T = 0, rC’T = O, rD’T = O%b » )7\‘ (2'17)—,”'—? (2'18)’ Rl

¥ i B

[D VT,min

_, & ]z[o, 0] (2-25)

Pi#rar =1rgr = Lrcr = 1Lrpy = 14 » 55(2-17)£2(2-18) » =

¥ OiF e
DVt
—, —— =1, I- 2-26
[F = ][,d (2-26)
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B 5T d Bl 220 4o R AR A4 A 42 DWC 425 03 5
TREF B2 F R (PooB) 0 7 5 BELA L 5 F A

@ A8 A

C32

C
BCD E I

C33

&\ 20 b

B 2-28 » = & 2. DWC(*2-3-473%)
(Halvorsen et al., 2013)
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1.2 T T T T T T T L) T
ABCD The highest peak

ABICD .
l‘-.

ABCD 'L’.hm." Tmu.a_ P{‘[}
" -“-\-\-.'h .. .. -

Tmin
-

I4 if ic i

B 2-29 = = &2 £ $ (ABCD) 4 32 Vpin B
(Halvorsen and Skogested., 2003)

IR R L F kB Vi B ¥ 02 @ % 8 5 Underwood 2 5% k3

R

b1

Bqpd o AR ER LR TR P EREEE e e 2R L
(ABCD) i ] » A wligf7w a3 o DWC 2 ‘e ft 2 ficdg » 2-4” -~
“0-3-47~ “g-2-3-47 ~“2-2-4”(1F] 2-30)- kit & AT (% 2-1)1 2-30(a)
Fp RO B AL F AR AL S 4 9 50%: B o @ (b)(c)(d)£rAp At () R

4 18%;: i 42 o
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(2)

¢

(b)

(© (d)
LY A
Ty 18
A A
7 | e ]
(A B N —3
o PEER BEs
i oV
unls EI -
Vit =
1 m n 1w
7 7
o 4

Bl 2-30 = & & 2. DWC (a)"“2-47(b) “2-3-47(c) “s-2-3-47(d) “2-2-4”

% 2-1 7% e =& DWC 2%

(Halvorsen et al., 2013)

L
Rl
na

iy EEFE BT

DWC configuration Conventional “2-4" “2-3-4" “s-2-3-4"  “2-2-4" “2-3-3"
Column C1/C2/C3 bwc DWC DWcC DWC DwWcC
Reboiler duty (MW) 3.8/31/31 5.82 4.81 4.81 4.81 4.81
Stages (total) 40/38/38 169 202 202 174 202
Stages (main column) - 129 130 130 130 116

Ref: Dejanovic et al.(2013)
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¥R #4 Fakd BN

3.1

‘ni l‘,

AFTE 2 RPpaesd (2013)sm > ¢ oo e & pL(C R~ P OR)
27 Gl g Y F e EAR kS W R B R T R
AT F R B B AR T e R F 2 F b @
z ¢ p&(Acetic Acid, HAC)~ 3 & (Propionic Acid, HPr){- ¥ A% (Methanol,
MeOH) » fig it F &2 = 7 ¢ pa ¥ fa(Methyl Acetate, MeAc) ~ s i« ¥ fig

(Methyl Propionate, MePr)£2 -k (Water, H,O) » H & & ;840 o

CH,COOH+CH,0HSCH;COOCH;+H,0 (3-1)
C,HsCOOH+CH;0HSC,HsCOOCH;+H,0 (3-2)

A8 3 41 ChemCad Hptdic 4 % i€ 7 % St WR K3 > @ fin
P F AR EARZ A& P2 KA AN B R 98wt% (£ 93.3mole%)
© LT fia ¥ A 99 mole%pd &Y fig o AR R 99 mole%-k 2 & it

A2 o

3.2 % 4 FHN

i

Bg it FRE ST A AT 8 5 st e fr(HAC) f i (HPY)

2

% " i5(MeOH)> 2 4~ & ¢ e ¥ fia(MeAc)~ 3 ik ¥ fig(MePr) 2 -k (H,0) -
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TN A - A FRT o HABLRR hoT
MeAc < MeOH < MePr<H,0 <HAc<HPr
231 i da 2 pmUE s F PR ER(C B [RR)A S
NAENBREAF LY V- BERERPFIRBETREA LR
AP RERPERANGZEYEEAS B U BAS-RET ook
LR 0P fES L ARz AV R o

%031 P A 2 feIm

Component 4 %+ £ (kg/kmol) #8:(C)
HAC 60.05 118.1
HPr 74.08 141.1
MeOH 32.04 64.7
MeAc 74.08 57.1
MePr 88.1 79.7
H,O 18.016 100

Ref : Perry et al.(1984)

= JI%(Gmehling etal, 2004)7 &t R &4 k3ik 73 7 e
oA e e SRR AN T BEC KT e [T Aok
PRREEARKRTY B PRER Y - B AR kR A S

Hidem L3R Bocd 3-2 977 o
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#32REMET Rt F BEH AP Z LA e B L AER

Composition )
AZeotropes (mole fraction) Temp.(C)
MeOH/MeAc (0.3390,0.6610) 53.67
MeAc/H,O (0.8804,0.1196) 56.4
MeOH/MePr (0.7133,0.2867) 62.45
MePr/H,O (0.6950,0.3050) 71.6
HPr/H,O (0.0497,0.9503) 99.9

Ref : Gmehling et al.(2004)

FAERAEIAN AP TRAHEFRZ 2 P&k FF L REL
ER AP he oA G R RiEE T R T g (vapor-liquid
equilibrium, VLE)z_ B % K& 7 4 3 > #7100 :E 22 #4 {02
TRRIGE o d? 2R TR R o TIOR8 B A

RN B B R R - B R T e .

Z A i * npon-random two-liquid (NRTL)#: 4 & #-3% (Renon and
Prausnitz, 1968) k47 it 2L e fp ¥ 3 5 L S o 2 R ip e ti il @
h Fle p(HAC)E f EA(HP) g 4p® ¢ A2 S & 8% @ )=

EI@ AR 0 Flt A % - 2 ik #c(Hayden and O’Connell, 1975) %

II/TE t$#g7 f‘y?o

AR P g T 2 NRTL E M st st Hirdne 24 02

AT (yy)
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Z XTZG x'Gi' memrm'Gm'
L it + J Y y —ny (3_3)

ny.= T;-
b i Gr - XXk G| Y XkxiGy

£ 7 Gy=exp(-0;7;)
=t ]/T+CU InT+d;T
o =0y;

AAEMREG O AL G S AT IR S F L e
fat+p pa2o 7 Sk ¥cdy & p >t Malijevsica et al.(1986) > * fe+e pa 2 %
i Pl &k p »t Sawistowsk et al.(1982) » ¢ pa+e e ¥ fig 20 F Sk Hcdy k
p > Gmehling etal.(1982) » ¢ pa+p pa ™ fig ~ P fa+2 L7 fig ~ P B+
FRcY fin~C B Y fat+pd fa ¥ fin2 7 S8y % p > Hsieh et al. (2008) »
K+ fa 2o F B By ) Ito and Yoshida(1963) 7 31 » ¢ B& ¥ f+-k 2
F % #cyy & p *t Gmehling and Onken(1977)#% &2 VLE #icix £2 Hsieh
et al. (2008)#% 2. VLLE #cdy > p AL ™ fa+-k 2 F Skeficdy & p >0
Stephenson and Stuart (1986)+% 2. LLE #cdx ¥ Hsieh et al. (2008) #7
# &2 VLLE #icdy > §148 5 29 % #ichy 4 Gmehling and Onken(1977)
o % 33 54 vﬂv‘ 10T R SR RS 0 WL 15 o 2

I3oiEt Sl & 34N A Ry AR T firlichp 2 KR e

Bl 31 A0 A G A B2 FRT R Xy~ Txy (&

P-x-y) » #-50 S iy 2 iw jF g % 0t o AR R L
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# 3-3REME TR gt F BEMg o A2 NRTL 05 48k

Comp.i HAc HAC HAC HAC HAC HPr HPr HPr
Comp.j HPr MeOH MeAc MePr H,O MeOH MeAc MePr
ajj 0 0 0 0 0 0 0 0

aji 0 0 0 0 0 0 0 0

bij -60.97606  -122.7962  -257.9757  -190.22 -191.0529  1296.574 -232.8317  -311.81
bji 94.7943 102.4353 450.5294 448.2141 587.7127 -694.3849  347.5604 611.89
jj 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Comp.i HPr MeOH MeOH MeOH MeAc MeAc MePr

Comp.j H,O MeAc MePr H,O MePr H,O H,O

ajj 0 0 0 0 0 -3.765252 0

aji 0 0 0 0 0 2.278852 0

bjj -84.6510 240.3357 151.2656 -79.16406  -13.883 1716.77 221.9769

bji 879.7869 133.8708 306.3816 375.6612 16.72 107.4711 1254.732

O 0.3 0.3 0.3 0.3 0.3 0.415 0.2
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403-4 R LY MRy F A4 4 Sz T il kR

Comp. i/j VLE VLLE LLE
HAC/HPF zf?'l'é%‘ga e

HAC/MeOH :f“("{'gsgjz‘;"sm €t

HAc/MeAc szgég? et

HAC/MePr ';:_S(iggoeg)

HAC/H,0 Slr?fgég? .

HPr/MeOH ;ngég? e

HPr/MeAc ';:_S(iggoeg)

HPr/MePr ';:.S(iggoeé)

HPr/H,O Ito et al.(1963)

MeOH/MeAc ;ngég? et

MeOH/MePr ;ngég? .

MeOH/ H,0 ;ngég? e

MeAc/MePr I;:.s(iggoeg;[)

T e
.
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(a) P=1latm

HAC/HPr HAC/HPr
10 150
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0.8 » s 140 (] Exp. x (Malijevska et al., 1986)
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(d)P=1atm

Temperature(’C)

MePr/HAc
1.0 —=
PN
rae
08t Pl
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P 'Y
0.6 | 4
§ v
= 't
04t /
/."
02F
—— Est
J ®  Exp.(Hsiehetal., 2008)
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0.2 /
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®  Exp. (Gmehling and Onken, 1977)
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®  Exp. (Gmehling and Onken, 1977)
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Temperature(°C)

Temperature(°C)

120
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— Estx 3
80 | === BEsty .
® Exp. x (Hsiehetal., 2008)
B Exp.y (Hsiehetal., 2008)
70 ’ ’ . .
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120
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— Est. X
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and Onken, 1977)
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and Onken, 1977)
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(g)P=1atm

MeAc/HPr
1.0 ‘—_'___.-'--'- -
L as
4
08t “"{
‘o
G
0.6 "
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< »
2 !
04r
)
»
02 ’l’ === Est.
¢ ®  Exp.(Hsiehetal., 2008)
i
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X
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10 — ==
_ -
-
_ -
08 f ./.
S
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X
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| ®  Exp. (Ito and Yoshida, 1963)
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Temperature(’C)

Temperature(’C)

Temperature("C)
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LS ~- ®  Exp. x (Hsiehetal., 2008)
~o u Exp. y (Hsieh et al., 2008)
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~N L] Exp. y (Hsieh et al., 2008)
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~ ~ L] Exp. x (Ito and Yoshida, 1963)
130 | N u Exp. y (Ito and Yoshida, 1963)
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(j)P=1atm

MeAc/MeOH MeAc/MeOH
1.0 65'
N — Est. X
£ \ - = Esty
08 // L] Exp. x (Gmehling
2 N and Onken,1977)
<~ o 6ot RN = Exp.y (Gmehling
06 ’.’v GE,_;’ N\ and Onken,1977)
4 - 2
32 /( IS
04 P s £
[ L
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/
02t /‘ -
- st.
/ . Exp. (Gmehling and Onken,1977)
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(m)P=1atm
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Bl 3-1 - &4 2 7T gew SaBl(a)e il ek st (b)" FE/e fi ke
(C)e a7 Fale Bk 4a(d) fe 7 fale fe b it (@)k/o pe i i
()" BR/f e s s (Q)e Ba® Folp e e s (W) e ® fnlp s
() kIp s ()o BT fal” B At (K7 BR/A BT By
o ()7 ik ks (mye Y R/ T fa ks ()2 T fal

Kk E (0)f BE T fal-k ks

B3-2 5= & A 23T R T ER(T-x-xy) A S icdy & e 7 5

AR o BEoT TER]E R T A dF o

(%)) MeAc/H,0 (bzo

MePr/H,0
- * L} |
\ \
80 - \ 7019 ¢ ma4
} 9 * L]
) \ - o0 0 . -
~ 60f A% * ~ D r
08, \ 03 50 9 === Estxl * -
% 50 - * g Est. x2 - -
g — == Estxi \. Y g 40 - Esty 4
g ar Est. x2 N g = Exp. xl(Hsiehetal, 2008) !
e ol - Bsty \ e 0f . Exp. x2(Hsieh et al., 2008) :
" Exp. x1 \ - Exp.y (Hsiehetal., 2008) H
20 - ° Exp. x2 \ 2 4 a Exp. x1(Stephenson et \
. Exp.y \ al., 1982 \
10 | g 10w v Exp. x2(Stephenson et A
\\ g al., 1982 |
0 . . . . d 0 . [N
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8
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Xueac & Yvenc Xvepr & Ynepr

Bl 3-2 T-X-x-y 3% i i T fiFw R B(Q)2 fe? falrk & (o) i Falk

p
ok
JEOTN

FY PRI F R LB RGFER T E IS B R R
B R T2 By (Gmehling et al., 2004) it f& > H 3%

o ) TR BT e SR R 82 % ek(Perry et al., 1984) 2 dicdy

Feri g s HEg L @74 4 o dok 35 907 o
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% 3-5 kil o A Eh 2 A BLF B ficdp 2 ﬁ]?f;_% LA 3

Component/ azeotrope Exp. TCC) Calculated TCC)
Composition(mole fraction) Composition(mole fraction)

MeOH/MeAc (0.3390,0.6610) 53.67° (0.3538,0.6462) 53.52
MeAc/H,0 (0.8804,0.1196) 56.4° (0.8955,0.1045) 56.25
MeAc 57.05° 56.94
MeOH-MePr (0.7133,0.2867) 62.45° (0.6965,0.3035) 61.92
MeOH 64.54° 64.7
MePr-H,0O (0.6950,0.3050) 71.6° (0.6789,0.3211) 71.34
MePr 79.45° 79.45
HPr-H,O (0.0497,0.9503) 99.9° (0.0541,0.9459) 99.97
H,O 100° 100
HAC 117.89° 117.9
HPr 141.16" 141.17

Ref: “Gmehling et al.(2004)
"Perry et al.(1984)
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bk Bk AR ",f T E S REALRFE T EA G A AT
I * 7% 44 47 ] (Residue curve maps, RCM) &k 2| ¥4 242 2. 7 {714 o
ARARY R S REFERA- P FHEY e R BT
ARG RESEHFT A e ARCM P & ¥ 7 H 12 5%
(Stable node) ~ 7 #& =_&" gk(Unstable node) - ¥ 2k (Saddle point) 2 45
# 7 (Distillation boundary) > 4= ] 3-3 #7-57 > # #» 7 & = _& 8:(Unstable
node) = 7 Ak d 2 AEL > T L AELE L2 P BT R A EL S R E
Bt(Stable node) & 74 4R d M2 ¥ BT L ABEE B 2 B TR KA

AEEA A FE T ”,‘Lr)’f%

w

¥ 2k(Saddle point) & 7% 4w &2 dEAE > B ;
TEBE2 B2 W AL AR ARG 2 B EA R EEER T
PP REARY REFSHPFIZFR 0 F - FRRARY YT AP

=
< ©°

MEp(C B PRSI F ke 3 NRTL H05¢ %

Wi bF RAMEP Z A F R RETeX1 8 LMY M

w*<

Fa® fig o STUAMR LR FRABTL VR LU RERES R
FRHIETR R s fRT g2 KR eed W2 4247 0 4o
3-3 %5 o AFAY P 2 AR I R B R 98WI% 2 Y fi 2 99mole%
FReT fAt > d B 33@kr BY &ftesd gl epg

MITEAEE R T A5 (MeAc/MePr)z. iF 7w g & &4 » ¥ 45 b A 3
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MeAc f= MePr 24 » 5 7 #3]|3 #»& MePr 24 » #r2 MeAc ¢ &

s

SRR T o@d B 3-3(b)Z(C)kgT 0 MeAc fr MePr 2 4 % ¢ &
PARE KA A E AL AT A ST FR S K2 BFE ORI A B o o)
3-3(d)*rF 0 51 EIIEBAE MePr 2% o #71 MeAc 7 ¢ 825 £ ok

e b M EAMA P MeACT T i A F SR Bk G o
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[
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Distillation Boundary

MeAs
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(d) MePr(79.45%C)

Material Balance Line

Distillation Boundary

0.05 Jif
H,O — - I s R MeAc
(100°C) 0.5 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 00 (56.94C)
56.21°C

B 3-3/% g et ¥ fifia " F o2 = i A AR
(8)7 fh-o ™ fia-fi i fia (D) Fh- L7 fia-rk

()" Fh- fe ™ fiak (d)o ¥ fia-py j ¥ fia-k
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3384 FH50
F O FAR f iR - SR AREEZ T B e 2 RINA B B
EFFRFL ALV RERBIfpTF (R g PRT )
& Fde e e 33 (2013) ) 7 4k * Tsai et al.(2010)#73% 412 F g 558 o
® % FE R Ap pL A B-(Amberlyst 36) 1% 5 B A0 5 ow fE S B B 6
4 B fcdp ~ W 5 ideal-quasi-homogeneous(IQH) ~ nonideal-quasi-homo-
geneous(NIQH) ~ Eley-Rideal(ER) » §= Langmuir-Hinshelwood-Hougen-
Waston(LHHW) % - Tsai et al.(2010)% .02 LHHW #5582 7 2. % 4 &

Bos i o Pl A Y LHHW SV e 7t > B it F B

\\\?{r

A D A T

_EO,f A _Ahf
AfeXp <—RT ) [aAl ag- A_; cxXp <—RT ) acl aD] (3-4)

(1+0.0.089K a4, +0.246K,ag+0.054Kpac. +Kpap)’

_EO,f A _Ahf
Afexp (T) [aAZ ag- A—; eXp (T) acz aD] (3-5)

(1+0.282Kya, +0.246K a5 +0.943Kpac, +Kpap)’

Ho F i Fnd =i (molmin®kg') > & F ez dp #cF S AL
=% (molmin“kg") » i F ez 3y #F+ A H =5 (mol min?

kg') o F Rz i EgpenE =i (kamolt) o ¥ #R 5 8.314
(kIkmol*K*) » ;B RTHE =% (K) »ay vag *ac ~ap s & = A
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2El (A e At pR B @moC YR Gt

pa® fia > Dok ) Kp ook 2 st e
i 3-6 R L PR k2 LHHW F pid & 5% enip w) £ 8icF
LHHW £ Jpif 558 > 7 A W@ e " fg ~ Y fin & 522 LHHW

FORiEF

—~

C LT fig b b

1.074x10" exp ('62%9'8) [aAlaB-3.55x10‘2exp(@aca,J

(3-6)
(1+0.04a,, +0.11a5+0.024ac, +0.45ap )’

P& fig i st

- 9.58x10'" exp (_69,?6'8) [aAZaB-7.1>< 10'3exp(¥ aCaD)]

—T'AZ— 2 (3-7)
(1+1.96aA2+1.71aB+6.55aCZ+6.94aD)
% 3-6 8 & Fafn ks LHHW F i# & 5% 28k
i s 108A(mol min? kg?)  Egi(kd mol™) AJA; Ah/R(K)  Kp
¢ T fn  107.4 51.88 28.18  -37.06 0.45
fe? iy 9576.5 57.922 141.28 -56.04 6.94
Ref : Tsai et al.(2010)
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4AL1E#+mE
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Ry % = TR R i F kS g fBr R e e 2
s s WA S L KA B S e d 412

Al p R AR A fe s AR R

Boiling Point or Azeotrope
Comp./Mixture

Temp. ('C)
MeOH-MeAc 53.52
MeAc-H,0 56.21
MeAc 57.05
MeOH-MePr 61.92
MeOH 64.54
MePr -H,O 71.19
MePr 79.45
HPr-H,O 09.97
H,O 100.0
HAC 117.89
HPr 141.16

B4 41 ARPRET oo 8 5[ pR(HPr) - ¢ Bi(HAC) 5 #* 8L

Bof s s L ERS O doBl 41T o 1T e R L F R

-
£
(
i

MoP R BRI R SRR FIR AR BT EER S F R
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P E fob? AARMJEFF RS F RSB R ERER
BRIk o EAgEIcRavk  BETRAR TG KT Ay
(MeAc)2& 5 f& P fa(MePr)z_ iR & 4 » & F i » % it MeAc/ MePr %
HECEF LB ERAFZFHRDCEYMAF JBERAT R
ARMBROPEY fgAS 0 HY MeAc 2 % 98 wtd 0 & MePr

2 R F 5 99 mole% > 4- @) 4-1 #1oF o

MeAc
HAc+HPr
MeAc
MePr
C1l C2
MeOH
H,0 ~ MePr

BlA4-1REFBE P Rl F RS LARE

4.1.2 jm Bk 3t

88 mole% ¢ pk¥r 12 mole% 5 pk » &3t

g\x‘(

/E r.ﬁ’ﬁ,XE‘.‘}' ‘E' = \"/L:

|

% 4500 kmol/hs it Ry Bk 4 77 P fRigdl B 4R £ phipl B 20t 6 o
%R e iT £ T oo fm ® ﬁf’»’ HiE B v R,=1.0198 4~ % Hkx

AN

S CLEETASREM - "2 -k £BF > B PTIRT %
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AI L B Ay finte C2 3¢ 2 A docs » & CLERRLE
® s 99 mole% HO: B2 407 £(7REM -7 iR2 k)
7 it AT iB 5.97mole% » 4o 4-2 #Tm o BETE A g 5 B2 UG 8
Al r Rzt F o dot @ VR FASFETR TSR H Y
Fi-F2 Bl FEAAP @Y 2 AR Pz L wvn Cl

BRAPREMCER"MEPERY M) EESREBEMNEZ

S

Kty oo
N 47 RR;=1.761
Prop Latm
1 atm
57.94°C
4779.3 kmol/hr
4500 kmol/hr HACc 0.02 mole%o
HAc 88mole% - _ HPr 1.3e-004 mole%
HPr 12mole% |5 MeOH  1.21 mole%
1'5 MeAc 82.83 mole%
MePr 11.19 mole%
H,O 4.74 mole%
C1
4589.1 kmol/hr
MeOH 100mole% | 29
R=1.0198
44
b 1.03 atm
99.37°C
\D 4309.7 kmol/hr
( I HAC 8.11e-4 mole%
) HPr 0.13 mole%

» MeOH  0.87 mole%
MeAc 4.49¢e-9 mole%
MePr 1.65e-7 mole%
H,O 99 mole%

Bl 4-2 F s 5 4 2 4= F 3% 3+ (Ry=1.0198)
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T F AR T BT TREZ B e o 1iEE W Rp=1.05
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PR F R EACLETRY T EAY L Bk R T E T e
B 43477 RETFTAEF TR ER e P EH T L AF 24T
Al Atk MePr 24 (5 0 F & ks - #(C3#) > A & CL
BERAGFET AR NABTEARAFFE AL BR LIk B
AR EETed AP F T fia(MePr)fp 3t e i T iz (MeAc) i Bh i
B C2HERTRIFHRLAMT g 0 FER S LT fa 7

b FEH e C3#ie— #H A 8 » BEKEET FRE MRS LSRR

LT Ay R AT T B L ARAL kg - A
© Je T FaAk ¥ LEETE 0 A4 364 A4 o 7 RCM BI(W 4-4)4 17 ¢

fa® g it 55(C3)2 7 71+ Bl P &t e d Stream5 % > Stream
8 5 C3# &z 2= »Stream7 % C3#E2 = » Flipli= ¥ Aum

AR

et

Wi

5 MeAC F B FAE R p o A G e

R KT RITY B MY il A e o

V- T (R A5k k K RAAL T E ¢ L IRA A A
o CLEEHE R ™ i 3 B -6 # 4 (p 5 Rp=1.0198 i 2 7) 0 F0 A
KA (K poo> 0.99)E 22 5] » 4 F 44— £ (C3 ) k&7 4 3 Cl

R AR T R RCK 0 TR BCRARKR 0 @ P PFE R Z A5 (CL)
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B AT R FF e Xoimpuiy < 0.0597 0 RI4&T k4 i 5
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WAL A SR Ee - R AR (B 4-3)AR 0 P BEE 1 K
R s e AT RPFIIGGAF RAEMAR 2 G HI(LT -
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N+ 90

Nr 30 Diameter 7.148m  Condenser duty -63096.1 kW
Diameter 12.26 M Condenser duty -161164 kW Ptop latm
N+ 40 Ptop 1atm c ;3at5r?c
Diameter 9.867 m  Condenser duty -125538 kW 466 46 kmol/hr
Ptop 1atm i
op HACc 5.25e-8 mole%
4500 kmol/hr 5] HPr  0.00 molev
HAC 88 mole% T 1an = MeAc 6462 moleoh
HPr 12 mole% 4 55.61C MePr  8.59¢-17 mole%
] E— atm 4392.5 kmol/hr H,0 4.66e-7 mole%
L7 57.4°C HAC 3.93e-6 mole% ALY A~n g '
4928.5 kmol/hr |A13 A5 HPr 1.64e-19 mole% =Y
HAC 0.10 mole% " e MeOH  4.67 mole%
HPr 1.15e-3 mole% MeAc 90.03 mole%
4725 kmol/hr Cl MeOH  4.17 mole% MePr 1.00e-3 mole%
MeOH 100 mole% MeAc 80.24 mole% H,0 5.29 mole%
2] - MePr 1078 mole% 1.03 atm
f o5 A3 H,0 4.71 mole% 57.0C
n 1.03 atm e 3006 moley
. c .39e-6 mole%
1.03 atm 80.6C HPr 0.00 mole%
99.5 C 536.05 kmol/hr 8 MeOH 103 molest
HA . le% . ' ?
4296.5 kmol/hr ¢ 0.96mole% Reboiler duty 63268.6 KW MeAc 9305 moleos(98 wto6)
HAC 5.48e-3mole%  Rehoiler duty 161504 kw 7" 0.01 mole% MePr  0.01 mole%
Reboiler duty 73605.4 kw  HPT 0.20 mole% MeOH — 1.57e-11 mole% H,0 5.92 mole%
y ' MeOH  0.79 mole% MeAc  0.03 mole% 2 e Mo
MeAc  3.47e-5mole% MePr  99.00 mole%
MePr 1.55¢-3 mole% H:0 1.19e-9 mole%
H,O 99.00 mole%

Bl 4-3 4= & 2 % 2+ (Rm=1.05)

62



MeOH(64.7C)

5 - —— Material Balance Line
—— Distillation Boundary
® Arzeotrope
W Stream Number

Feed C3 column
5]

MeAc H,0
(56.94°C) . 015 02 025 03 035 04 045 05 (.55 06 065 0.7 075 08 085 09 095 (100°C)
Bl 4-4 C3 2. RCM ]

Ny 47 _
Pep latm RRIELE ) atm
57.94°C
4778.99 kmol/hr
4500 kmol/hr HAC  0.02 mole%
HAC 88 mole% HPr 1.14e-4 mole%o
HPr12mole% |5 )
> MeOH  1.29 mole%
15 MeAc  82.84 mole%
MePr 11.24 mole%
c1 H,O 4.6 mole% 1 atm
4725 kmol/hr Ny 20 64.61°C
MeOH 100 mole% |29 Ptop latm 127.444 kmol/hr
R=1.05 HACc 1.11e-7 mole%
44 HPr  4.78e-14 mole%
MeOH 99 mole%
MeAc 4.5e-4 mole%
MePr 0.06 mole%
10 C3 H,0 0.94 mole%
1.03 atm
95.14°C
4446 kmol/hr
HAc 4.18e-4 mole%
HPr 0.06 mole% 1.03 atm
MeOH  3.75 mole% 99.25°C
MeAc  1.29e-5 mole% 4318.56 kmol/hr
MePr  1.67e-3 mole% HAc 4.3e-4 mole%
H,0 96.19 mole% HPr 0.06 mole%

MeOH  0.94 mole%
MeAc 5.24e-16 mole%
MePr 2.3e-14 mole%
H,O 99 mole%o

Bl 4-5 4 % % 32% 2+ (Ry,=1.05)

SN
-Sg
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Nt41
Diameter 9.492 m
Pop latm

4500 kmol/hr
HAc 88 mole%
HPr 12 mole% |5

19

C1
4725 kmol/hr
MeOH 100 mole% _| 30

Ry=1.05

40

Reboiler duty 62040.9 kW

Condenser duty -113994 kW

Nt 59
Diameter 8.5 m
Ptop latm

Condenser duty -77340.9 kW

1 atm

56.11 C

4233.19 kmol/hr
HAc 2.42e-12 wt%
HPr  1.37e-19 wt%
MeOH 0.67 wt%
MeAc 98.00 wt%
MePr 5.93e-3 wt%
H.O0 1.33wt%

46 C2

Nt29

Diameter 2.296 m
Ptop latm

12

1.1 atm

57.87°C

4752.56 kmol/hr

HAc 0.03 mole%
HPr 1.44e-4 mole%
MeOH 1.30 mole%
MeAc 83.21 mole%
MePr 10.82 mole%
H,0 4.64 mole%

C3

1.03 atm

94.79°C

4472.44 kmol/hr

HACc 0.09 mole%
HPr 0.57 mole%
MeOH 4.34 mole%
MeAc 3.20e-4 mole%
MePr 7.96e-4 mole%
H,O 95.00 mole%

Condenser duty -10374.1 kW

Reboiler duty 10738.3 kW

1.03 atm

80.18 C

519.375 kmol/hr

HAc 0.23 mol%

HPr  1.32e-3 mol%
» MeOH 2.55e-8 mol%
Reboiler duty 77634.3 kW MeAc 0.76 mol%
MePr 99.00 mol%
H.O0  2.87e-6 mol%

1 atm

64.61°C

182.498 kmol/hr

HAc 6.00e-11 mole%

HPr 1.33e-13 mole%
MeOH 99.00 mole%o
MeAc 7.84e-3 mole%
MePr 0.02 mole%
H,O 0.97 mole%
1.03 atm
100.36°C
4289.94 kmol/hr
HAc 0.10 mole%
HPr 0.60 mole%
MeOH 0.31 mole%
MeAc 2.32e-19 mole%
MePr 1.52e-20 mole%
H,O 99.00 mole%

Bl 4-6 Boif i @ K b F 442 A (Ry=1.05)
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PofipF o XL CLEEE 2 %4 3 £ 7 ic 4238 5.97 mole% ~ &K
’Fé'é 99 mole% H k’ﬁ&hﬁ#’”’ J—ﬁ;}é H ﬂbﬁ’xnﬁq‘%&p
BwWt% » EFE? fiad RS 9mol% - FREFRT T 6 BX

1 RERE TR 5 e foindp o

V

2. Cl¥2¥3%3 5 1016 24 » H U 2433 5 508 24 o

3. FREMUEAE ZRHMAEFEN FTMMgL- Lo

4.1.3 Boif 1 % 3

AR 2 E R AP E o e

capital cost
TAC(Total Annual Cost) = operating cost + ———— + cost due to

lmm

excess MeOH used - value due to extra

products generated

H P o Feiva & (operating cost)s 7 4 Frok ~ FA B S A 0 K
% = & (capital cost) s Z B BEHFEEIEFL S A iy s KA S
A2 B M E (P Rl K TE 3) B E P FRenst & (T cost due to
excess MeOH used) » 4p e Ap 443 7 f A £ (Rp=1)/% » "2 "2
Rl £ 304 2 & & 5 A 4§ & (7 value due to extra products
generated) > 35 cHE Ap ¥43° MeOH XEE (Ry=1)F » "fE*t "2 A+ A&

4

\4
X

A2 e e AR TR A
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Start

v

Set excess MeOH ratio

(Rm)

Y
B
A
Ry
3
IA
=
o
N
N

A\ 4

Set ern,l

Y

Set Nr1&Ns

A\ 4

\ 4
Adjust feed stages
NF1 meon and NFy wa

Y

(Cl)Vary RR; and B, until XBl,HZOZ
99 mole% and Xp1 acid +Xp1,meoH +
Xb1 H20< 5.97 mole% are met

N~"Min. TAC

A\ 4

A

Rn>1.022

Set N3 <

Adjust feed stage

NF;

A

Set Nyxn 1

| SetNei&Ns; |«

v

Adjust feed stages

NF1 meon and NFy ma

(Cl)Vary RR; and By until Xp acia + Xo1,meon

+XD1,HZOS 5.97 mole% and xBl,HZOZ 95
mole% are met

(C3)Vary RR; and B3 until methanol and
water purity spec’s (> 99 mole%) are met

Min. TAC

Min. TAC

Min. TAC

Min. TAC

Min. TAC

<&
<
y

A
Set N, le

Adjust feed
stage NF,

(C2):Adjust RR; and B, until
product purity spec’s are met

If R,>1.022

If 1<R<1.022

B 4-7 @K s = AGARR 2 B it 1t 9 3%

67

Optimum conventional
system obtained
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Rn=1.022 % &) > #3547 B 2 FBH TACZ - g 4> Clgr "
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i dE R BT AR o BBk o § CLEF B4 #(Nic1)
KLe 9% HHEF B (Newc) s 1THF(ZARE) 2 AREKFH
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5.32e+4

5.30e+4 |

5.28e+4 |

5.26e+4 |

5.24e+4 |

5.22e+4 |

TAC($1000/year)

5.20e+4 |

N rxn,Cl=29
Nrectc1=17
Nstrp,Cl:]-

5.18e+4 |

5.16e+4

5.14e+4 . L
29 30 31 32 33

NF

1,MeOH

Bl 4-8 C1 #5738 & Fe(NFowa) 2 @ @ (NFoyveor) = % Vs. TAC

%ﬁ%&ﬁ;’%ﬁﬁﬂﬁﬁmaﬁﬂ’ﬁ?%*ﬁﬁﬁiﬁﬁ
BoRAFIES AT E o BB ARG N A2 e F 2 AR
PHRF D g A RBZ AT RFIFS AT BB K
WAL o T REA T F RN e TR
ABEAZ R R ITA AT R AR KA S AL
F2ood bR gifsc g AERFAZT B0 @ P T MK
AR R DR N A2 R D S E R AT R 2 A
EAREZ R o BhRE o §F BEREFREK T 29 2T iR
B (B 4OHHEFB(NR) 5 17 (7 4 & F) ~ 7 F B 47 3(Ns)

A LE(E R AT TAC b
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5.16e+4

5.15e+4

5.15e+4

5.15e+4

5.15e+4

TAC($1000/year)

5.15e+4

5.14e+4

5.14e+4
16 17 18

B 4-9 C1 5% 45 £ (NR) 2 5% # £ 4% #c(Ns) vs. TAC

=

%F.ﬂ*z’%F%&%&mmﬁﬁ’?ﬁ$ﬁﬁﬁﬂ$’
ROLRABEEATEOLEFEAYZ R 2w g CLEBETE
28] 0 AR e T R A AL R e F 20 F B
Bt AP EITT LR FR AL ABEFAY R LEFRE
F R Mo g CLIEIEE 2 % > L Ep ki 2
FRMLA ASE2 TR ol R S S A (B 4-10)% F Rl 27 P >

APE A PR ETZRRE > P F REFEHG 284 FF > TAC 5 514 o
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5.1434e+4

5.1432e+4 |

5.1430e+4

5.1428e+4

TAC($1000/year)

5.1426e+4

5.1424e+4 |

5.1422e+4 L
27 28 29

N

rxn

Bl 4-10 C1 35 F & H 4 #c(Nin) vs. TAC

£ CLER 2 £ Br g el o F SR

BFLEFC2HELEGN 5 C2RRFBARLZT > ME 411 5

WA

PR N RS B4 (3 R A EEARE) T R §F

|

i

Lok 2 P AREFFYE oSS EA R EM =Y

8
PFelrl A7rmg2 W4 > WS F T C2 528

AL RE)E . TAC 35 (R 4-12) > @ H @ L2 el iz g %
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i
e
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Ry b 2 H T T R R B A GALA 4o 4-13

S0 A 420 PUEE T B AR BRI R R EE .

1.017e+5

—e— N,=64

1.016e+5

1.015e+5

1.014e+5

TAC($1000/year)

1.013e+5

1.012e+5
48 49 50 51 52
NF2
B 4-11 C2 #4214 = % (NF,) vs. TAC
1.040e+5
1.035e+5
~ 1.030e+5
©
(]
>
S
S 1.025e+5
—
i)
2
= 1.020e+5
1.015e+5 NE,=50 NF,=52
—— —9
1.010e+5 L L L
61 62 63 64 65
N2

Bl 4-12 C2 5 % 4% #i(N,) vs. TAC
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Nt 47 Ny 63

Diameter 9.551 m Condenser duty -115292 kW Diameter 8.622 m Condenser duty ~79560.7 kW
Ptop latm _ Ptop latm y .
1.2 atm 1
4500 kmol/hr 56"’“1’2 °c
Eﬁrcffr;nool!;f 2 - ~( ) 1.1atm 2 ) » 423831 kmol/hr
>t O 57.94°C HAC  2.23e-9 wt%
4781.5 kmol/hr HPr  3.80e-19 wt%
19 HAc  0.03 mol% MeOH 0.66 wt%
HPr  1.40e-4 mol% MeAc 98.00 wt%
1.2 atm C1 MeOH 1.29 mol% 50 C2 MePr 1.05e-3 wt%
4599 kmol/hr MeAc 82.79 mol% H.O  1.34 wt%
MeOH 100 mol%] 3, MePr 11.25 mol%
46 ~

K_/ 62
( lu \F) medel (I_\IZ) 1.03 atm

99.23C i 80.18 °C

- » 4317.5 kmol/hr
Reboiler duty 63415.1 kW HAC  1.36e-3 mol% Reboiler duty 79867.1 kW I5_|4A3(.:1850I.<2rr;orIT/]rc1)rl%
HPr ~0.05 mol% HPr  1.23e-3 mol%

0,
ng': gliiergo:n/(c;lo/ MeOH 2.53¢-8 mol%
: 0 MeAc 0.78 mol%

_ 0,
msr ?5.93%% ?n mlgyo MePr 99.00 mol%
2 : 0l% H.O  2.91e-6 mol%

\/

Bl 4-13 R L pee ¥ ARz doif I BALF R AN
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20420 LR VR AR 2 B T BORE %

Column Cl C2
Total no. of trays 47 63
No. of trays in rectifying section 17 49
No. of trays in reactive section 28

No. of trays in stripping section 0 12
Reactive trays 19-46

Mixed acid feed tray 5

Methanol feed tray 32

Mixed ester feed tray 50
Feed rate of mixed acid (kmol/hr) 4,500

Feed rate of methanol (kmol/hr) 4,599

Top product rate (kmol/hr)
Bottom product rate (kmol/hr)
Purity of methyl acetate product (wt%)

Purity of methyl propionate product (mole%)

Purity of water product (mole%)
Column diameter (m)

Weir height (m)

Condenser duty (kW)

Reboiler duty (kW)

Condenser heat transfer area (m?)
Reboiler heat transfer area (m?)

4781.5 4238.3
4317.5 543.1

98
99
99
9.551 8.622

0.1016 0.0508
-115292 -79560.7
63415.1 79867.1
7214.2 5883.6
1017.1 975.2

Column cost ($)
Column trays cost ($)
Heat exchangers ($)

18,335,454 20,434,864
19,170,672 17,683,597
14,758,397 13,480,794

Total capital cost ($) 103,863,779
Catalyst cost ($/year) 7,548,808
Energy cost ($/year) 26,452,952 32,619,564

Total operating cost ($/year)

66,621,324
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415 B R A EKRA FIF3
Bl 4-14 87 0 F AEAE(CL)Y 2B AR A > B Y IERA 5

FReEo & B BB S 5 BT o R A 5 99 mole%-k

N

K 1 mole%s AR £ o 5o B P T FRiE T O5% > AR 4 4

ET

1.03atm AR RS 992°C c EEAF AR L UL Y frer
BT fi o AR T EE S BoR 0 ETEEA YL 57.9C ¢ 7
MER S L4 fif R R GRS 3R AR A
e o M ATT R BRI d T RRMOR Y AL s AR
BAERLEEMT 66.7C Y A KRR SELE -
Bla-15%7 C2EpN B Rz A BB RAS IR LY Ay 3
B en? AR TR A e 30 2 ok 0 BETERA S 1 atm o iR
Bwg Mo B fg ¥ BT 248 Hg R G 561C M RAY L&
% 99 mole%f 4 fig > #1481 mole% 3 ¢ % o fa® fig 0 ¥ AR
45 1.03atm SERERG BAEY gk R4 BB A L 80.18

OC °
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100

Temperature(°C)

Temperature(°C)

90

80

70

60

50

50 aa o d oo a1

NI:HAc+HPr

I\IFMeOH

)
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
L
5

13

17

21

25 29

Stage Number

33

Bl 4-14 C1l 5z B &~ v B

37 41 45 47

PE BT E A B RaY

| PR

| PRI A

| I

PE BRSNS R S A

17 21

25 29

33 37 41

Stage Number

45

Bl 4-15 C2 5 8 B A i Bl
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B 4-16 221 7 RD3B(CLP 222 i > &£ TR Ef(e
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27 ¥ B AT AT M2 ARK o REIC MRS ON hfig K B fs

faie s % 3 PR R BIE DI B B et AL 2 AL i

IT oA FE- A AR n RETEAEA L T AR

AERARE AT s BRI A M T3 E)ET T W
s IFL?» °
NFpactHpr NFmeon
o |
| | —0— HAc |
| —— HPFr I
| —{— MeOH |
08 | | —— MeAc |
| —— MePr |
|| ——H,0 |
c | |
.9 06 - I I
S |
S | |
LL 0767676767676 707070.8, S50 e I
< Q | I
S o4t Q 3 S0 0]
E ' | O | L]
9
L]
02 F
\ I ..‘ -
oW . :..‘A’A.m.

0.0 e OO O OO OO

1 5 9 13 17 21 25 29 33 37 41 45 47

Stage Number

Bl 4-16 C1 36 382 o % 4 i ]
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A FlEae B PIARY 2 2 8

Ny

CpT fig 0 HARLIIART pREk 2 B d 3 CLEAHS L

99 mole%-k > 2 CLl3g B2 %5 7 £ 2. '3 > (= C23578 % ¥4 2

Mole Fraction

AnaAMMMMEEE S

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 6163

Stage Number

Bl 4-17 C2 5 352 J & 4 i ]
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4167 weriE v HR SR F B2

IV F a2 0 Al

\““\ﬂ

(W) %

j

LIFET o 7 ARigE
(Rm)3 4e P> B PR ()™ AR > Ht 372 - TE#/B A &
P B REST i EEF T B E v (Rn)H 4o A 54 o

hAE P o dopr R * B 3 (CL+C2) ki Bl #k T2 A 24
KT F RECLEEFHPRZERER 7 8~ k)3 33 5.97
mole% » & ¥ fEE B RyHi4e » R4 CLETERASLT B(F ¥4 5 1)
B e @ BT K T2 R H (Kpimpuriy < 0.0597) » $x % & 4k B 1
FRPEHALIABIHB P RAPRZ IR T AR HEER
BRI PR R B AR 0 R P RBRAFF (DL
24 43Ry >1iniE it &~ fR4E 2 WHSV) o

d % 430 F - jEEE 2 WHSV)F # % Rp> 1> g &
fR4L Ry E( AR RE 1) F oo g b At B R £ v (stoichiometric
ratio)(Ry = 1) 2 fR 48 » et Forfet > d 0¥ 50> BE 7 fi 4
FAPTRA R R S

d % 4-3(Ng > Npyy ~ Ng % 14 5) 22 B 4-18(CL) & 7 » % Ry /1
1% 1006 2 Fpr> 254 s BRI VR L3253 FF
BED A2 K TRF F REFEBRES % # 2 A%g2 B TAC

B0 R 1006 B 0 3 s 7 BB UREE LA
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R SRR F BB B e S A T2 3 e
TAC 7" Hg2 Hi4e o d 3 R>L P - A4AT M4 > @137 £% 3 -
R AR RGP R=L) A d AR AR F B
P B (Ap 3 Rp=1) 7% > ©

d 4 4300 E) 2 4487 CLETRTY R FAX3 >
F1O AR A dEA 0 € C23E MeAc A dr ehde 2 B F] > wpi
ZEL S Wi (FRFER)REIINRNIZGE CAFIAE T A
# 3% > 2 R,=1.006 F¥ » TAC(C2) % £ % > 4[] 4-18 #7% -

d % 4-4GE7E ~ BRI T R E)E B 4-19 B 0 R,=1.022 BF 5 &
PAFZEF REAAP AL 2B ELZES > 25D TAC[K A = &+
BESA(FAGFA)HET " HBAA-ZF A2 B ERE 28 &P

I &) TAC 2 B3k B Z&GARR “TH & Ry & 5 1.022

80



% 4-3% I Ry2. CLEs & it 1 ch & 78 #icdp

CI 1 1.006 1.012 1.0198 1.022
Ni ) 9 18 17 17 18
Np 30 21 22 25 28
Ns 5 1 1 1 1
RR, 1.756 1.733 1.732 1.736 1.744
17 (M) 9.513 9.49 9.494 9.529 9.551
1% 1 3 (0%) 99.05 99.13 99.45 99.82 99.92
7 8- € (ko) 259968.7 181099.2 189882.9 217369.9 244579.7
WHSV(=1/7) 0.5546 0.8009 0.7684 0.6764 0.6025
D,(kmol/h) 4727.75 4744.08 4759.24 4777.02 47815
HAC 0.02 0.03 0.03 0.03 0.03
HPr 1.43e-4 1.49¢-4 1.48¢-4 1.44e-4 1.4e-4
§ MeOH 0.91 1.30 1.26 1.28 1.29
2 S | MeAc 83.20 83.00 82.98 82.86 82.79
g% MePr 11.08 11.03 11.05 11.17 11.25
o £ [hH,0 479 4.65 4.69 4.67 4.65
2R & (°C) 100.92 100.72 100.13 99.43 99.23
B,(kmol/h) 4272.25 4282.93 4294.76 4312.08 4317.5
HAC 0.59 0.50 0.22 0.02 0
HPr 0.38 0.39 0.33 0.14 0.05
S MeOH | 8.84e-4 0.11 0.45 0.84 0.95
%S [MeAc | 3.0le-11 4.31e-5 7.51e-5 1.02e-5 9.44e-7
§% MePr | 1.99e-11 4.94¢-5 1.35¢-4 8.94e-5 3.3%-5
o £ [h0 99.02 99.00 99.00 99.00 99.00




%447 7 iR Ry2 C2 ¥ % 78 et

2 1 1.006 1.012 1.0198 1.022
N, 39 65 56 60 63
RR; 1.055 1.24 1.109 1153 1.163
B2 (m) 8.37 8.752 8.504 8.606 8.622
Dy (kmol/hr) 420435 | 421562 | 420848 | 4237.91 | 423831
HAC 308¢-6 | 525e-13 | 9.26e-10 | 3.25¢-8 2.230-9
HPr | 159-18 | 6.17e-20 | 4.21e-19 0 3.80e-19
§ [MeoH| 046 0.66 0.64 0.65 0.66
% _ |meac | 9800 98.00 98.00 98.00 98.00
£ S [Mepr 0.16 1.74e-4 8.860-3 2.150-3 1.05e-3
O 2 [R,0 1.37 1.34 1.35 1.34 1.34
B,(kmol/hr) 523403 | 528454 | 530.744 539.11 543.185
HAC 0.22 0.24 0.23 0.23 0.22
HPr 1.29¢-3 1.34e-3 1.32¢-3 1.28e-3 1.23e-3
§ [MeoH| 884e9 5.01e-8 1.19¢-8 2.490-8 2.530-8
2 L [ MeAc 0.77 0.76 0.76 0.77 0.78
£ g [MePr [ 9900 99.00 99.00 99.00 99.00
o £ [R,0 1.84e-6 4.58e-6 1.74e-6 2.89e-6 2.91e-6
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TAC($1000/year)

TAC($1000/year)

Bl 4-19 Ry, vs. TAC 2.~ 7§
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5.4e+4
—e— R, vs.Cl
5.2e+4
5.0e+4
4.8e+4
4.6e+4
4.4e+4
4.2e+4
4.0e+4
3.8e+4 L L L
1.000 1.006 1.012 1.020 1.022
Rm
B 4-18 RnVs. C14r C2 2. TAC(F $ 2% & ~ (£ &)
TAC(3 Columns)
©
1.0e+5
8.0e+4 TAC(2 Columns=C1+C2)
60e+td b _ e O~ — — —
“— Steam cost
4.0e+4 - Capital cost
A o a & Lap
— A — —
2.0e+4 - / Catalyst cost
e o ——— o —®
0.0 — 2 T L L I
1.012 1.0198 1022  1.05 Rm
-2.0e+4 Cost of excess
MeOH used
-4.0e+4 | Extra value
generated
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¥l L A (FE A E) RDWC 2 FHFe 8 s i ZAE AR
Byt 2B A AF 5 99moled -k 3578 A4 5 98 wt% ¢

e frtpt - R AL S 99moled% pEEY g o

Qc

> MeAc 98 wt%

Splitter for liquid

Al @ sidedraw(Ls)
/

vapor mixer

N
DW \\ \ Bl
NFacig A Y @
Mixed acid:\
ern
; Qreb2
NFMeOH |
\\
MeOH MePr 99 mole%
Ay
Qrebl 2
<

H,O 99 mole%

] 4-22 R-DWC 2_ % 5.4 2 )
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Start

v

Set location of the

dividing wall, Npw

|

Set fraction of liquid flow, Ls, into

the stripping section of R-DWC Optimum R-DWC
l system is obtained

Adjust feed stages
NFma & NFyeon

|

Adjust RR, B,, and B, until all
the product spec’s are met

N Y

Min. (Qreb1+Qreb2)

] 4-23 R-DWC 2 . i i* 4 2
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TAC($1000/year)

TAC($1000/year)

73800

8.68e+4

8.66e+4

8.64e+4

8.62e+4

8.60e+4

8.58e+4

—o— TAC vs. N¢eon

—— Total Reboiler Duty vs. N \.con

NDW:30
LS=0.235
Nema=37

1 1 1

73600

73400

73200

-4 73000

72800

77

78 79 80
N

F,MeOH

81

Bl 4-24 7 it 4E = ¥ (Neveon) VS, £ 7 34§ J7 £ (or TAC)

8.620e+4

8.615e+4

8.610e+4

8.605e+4

8.600e+4

8.595e+4

8.590e+4

73000

—8— TACVs. Npya
—1— Total Reboiler Duty vs. N,

1

72980

41 72960

o NDW:30
L.S=0.235
NEmeon=79 72940
2 *— 72920
L I L 72900
35 36 37 38 39
NF,MA

B 4-25 72 & phieldr % (Nema) V. £ B3 47 £ (or TAC)
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Total Reboiler Duty(kw)
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TAC($1000/year)

TAC($1000/year)

8.615e+4 73150
—e— TACvVsL,

—o— Total Reboiler Duty vs. L 73100

8.610e+4 |
-1 73050

8.605e+4 I
-4 73000

8.600e+4
-1 72950

8.595e+4
4 72900
8.590e+4 L L L L 72850

0.233 0.234 0.235 0.236 0.237 0.238
Ls
B 4-26 ;% 48 A fet (LS) vs. 2 & B f 7 £ (or TAC)
8.6040e+4 73020
—e— TAC vs. Ny, 1 73000
8.6020e+4 | —+— Total Reboiler Duty vs. Ny,

72980

8.6000e+4
72960
8.5980e+4 72940
8.5960e+4 | 72920
72900

8.5940e+4
72880

8.5920e+4
72860
8.5900e+4 72840

27 28 29 30 31
Now

B 4-27 154 + =31 % (NDW) vs. £ * B2 § j= £ (or TAC)
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Condenser duty

Nr 96 -124461 kw

Diameter 10.731 m 1 atm

56.12 C
4234.66 kmol/hr

/ \ HAC  5.90e-10 wi%
1.2 atm A2 < o HPr  4.64e-19 wt%

4500 kmol/hr MeOH 0.64 wt%
HAC 88 mol% 2;8 73-6% 23-4% - MeAc 98.00 wt%
HPr 12 mol%| asg MePr  0.04 wt%
H:O 1.32 wt%
A68
B13
1.2 atm
4599 kmol/hr T 1.03 atm
MeOH 100 mol% |a79 80.05 C
1.03 atm A5 542.059 kmol/hr
99.23 °C HAc 1.63e-3 mol%
4322.29 kmol/hr Reboiler duty HPr  9.73e-7 mol%
HAc 1.50e-3 mol% 11747.6 kw MeOH 4.15e-9 mol%
HPr  0.05 mol% MeAc 1.00 mol%
MeOH 0.95 mol% MePr 99.00 mol%
MeAc 1.23e-6 mol% ™ H.O  5.84e-7 mol%

Reboiler duty

- 0,
MePr 3.85e-5 mol% 611345 kw

H.-O 99.00 mol%

Bl4-28 R G P fR2 Bsf iU P IR 3N F R AHES
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% 4-5 B3 i R-DWC 25 it % %

Column R-DWC,
Total no. of trays 96
Reactive trays 68~95
Mixed acid feed tray 36
Methanol feed tray 79

Wall position (tray no. ) 29~95
Feed rate of mixed acid (kmol/hr) 4500

Feed rate of methanol (kmol/hr) 4599

Top product rate (kmol/hr) 4234.66
Right bottom product rate (kmol/hr) 542.059
Left bottom product rate (kmol/hr) 4322.29
Purity of methyl acetate product (wt %) 98

Purity of methyl propionate product (mole %) 99

Purity of water product (mole %) 99

Column diameter (m) 10.731
Condenser duty (kW) -124461
Right reboiler duty (kW) 11747.6
Left reboiler duty (kW) 61134.5
Condenser heat transfer (m?) 9194.95
Right reboiler heat transfer area (m?) 143.21
Left reboiler heat transfer area (m?) 980.50
Column cost ($) 66,989,097
Column trays cost ($) 59,639,688
Heat exchangers ($) 14,382,485
Total capital cost ($) 141,011,270
Catalyst cost ($/year) 8,585, 944
Energy cost ($/year) 30,316,718
Total operating cost ($/year) 38,902,662
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424 B R A FEERA 3T

B 4-29%8 7 7 R-DWC & %2 /8 & % 1> L 858 & & F 5 99 mole%ork »
Tz F K Imole%si 42 7 A% > F KR4 L 1.03atm > Fpt E AR R K
AR AT RTZER CEERNL 9923C oA AR ST iy &
P AT ok A EETTER G 56.12°C ¢ RIF REHA S 99
mole%p f&® fin - & B4 % 1.03atm> F|pE A G5 80.05C - B®P H A &
R 2 B RSRET < T 0 B MBES 65.1°C 0 2 Flfig it F B S R EE
a2 7 R BALE R B2 R T RS AR F RS Brprt 2 oo

NFhac+Hpr NFmeonH

—O— Left(main column}

100 | _a— Right(side stripped)

Temperature(°C)

I
I
I
I
I
50 ...I...I...I...I...I...I...I...I..lI...I...I...I...I...I...I...I.. L Il

1 5 9 1317 21 2529 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 9396

1 L i i

Stage Number

B 4-29 R-DWC 3£ & & 7
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74

m

224

R-DWC ¥} 242 A 57 430 ¢ » ¢ i alif = K5
P2 153 PR TSR RATIF at AN FE L AF BT 5o
FRES T2 2 33 PR TS 2485 9N 4a BIF REFINFE

Mo f T o A R 1 T 99 moleY%-k o @ BETE FR k2 B Fe LY iy

RS BW% e PR Ar i s 0 FFEIIE S E m AP AS 29

-~

*

Wy

Mole Fraction

PERIR R E R FE L BEFAM SRV ELY

Ik

99 mole%p f& @ fig -

NFnac+HPr NFmeon

[T “‘
1 5 9 13172125293337414549535761656973778 85

Stage Number

HAc
HPr
MeOH
MeAc
MePr
H,0
HAc
HPr
MeOH
MeAc
MePr

H,0

89 9396

] 4-30 R-DWC 2 o & A i

96

T A S

Left
(main
cloumn)

Right
(side
stripped)



4.3 B2 ¥ LR
B T2 A SRR TR 99mole% (R ~ 98wt T LT g
A2 99mole% F AT fAd S HEREEFCE O HEAV LG

d (D)@ F B EHRE (CI+C)E (2P I N F & %4425 (R-DWC)

\

R Ao A A K h 2 WP R R G EERE S A G do e
2046 57 o AL AREEFE S H 0 RDWC faft B F b 547
ARBEE T 4913% > A B EXNADS G o BRARE I ArIcs 3 &
T > R-DWC 425 Ap >t > 7 15.15% » 4p % 424 # & DWC &

B ot g

446 BF REEAERE Y RDWC 25 oif 2% 1L iR

Column Configuration C1+C2 R-DWC
Total condenser duty (kW) -194,852 -124,461
Total reboiler duty (kW) 143,282 72,882
Total reboiler duty ratio 1.000 (base) 0.5087
Total capital cost ($) 103,863,779 141,011,270
Total operating cost ($/year) 66,621,324 38,902,662
TAC ($/year) i _a 101,242,584 85,906,418
Cost ratio min 1.000 (base)  0.8485
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Non-randomness parameters of NRTL

Tij ~ Tji Dimensionless interaction parameters of NRTL
g i3 ¥

Ahg LAY fr AT fr2 B B A

WHSV Weight hourly space velocity

T Contact time
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