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Abstract - In this study, we have searched optimized design and operating conditions of three reactive distillation structure
for the esterification of acetic acid with ethanol to produce ethyl acetate and water. Effects of the distillate ratafiteedfloc
the reactants, reflux ratio, and liquid holdup as design and operation variables on the performance of the reactive distillatio
were examined. Design and operation variables like these had different effects on the performance according to reaction type,
feed location of the reactant, and distillation configuration. In the reaction type of A+B=C+D, when the reactants were not
adjacent to middle components in relative tibtg, conversion had an optimum point for distillate rate and reflux ratio. How-
ever, there was no optimum point in conversion when reactants were adjacent middle components. When the reactant was fed
by split mode, the performance was less sensitive to the change of these variables than the other schemes. We here present
guidelines for the optimum operating condition and the best scheme for the reactive distillation process.

Key words: Reactive Distillation, Esterification, Optimization, Single Feed, Split Feed, Complex Distillation Process

Hz setagiopl s o8 vhg-g dovle EFEe] FH/ e
2] ARSI ). dshke AdE] oW H3Ee] S A=l
u, 7taRkg o] dojupd] AES AEH T AASoRT 2& M-S
= 4S F Arhd wkgel 98) AE e 22 ES SRl o8 Eels)
Wozx shte] AA oA wgF S79 F 7 28-S Tl ¥
s AREEE 2RSS BAT] v S A Erl] meRA, b
s/ AT v B EesAe A fe) Aol g2 &

TTo whom correspondence should be addressed.
E-mail: mwhan@cnu.ac.kr

159

T (scheme)
tH4]. Bock E[5]2] -7l
Aoz Agkgo] FrleliL, Lk Al
AM3she AL of| B g

RERE SEEL R ED

2

=3}
2

it

o lo

c

1

% g
o (2

oY W
e

N
1
2,

jins
N
™
o

Ict.
o4 E AH(acetic acid,©] 5t AAZ FFH I} o g

(e
rf



160

(ethanol,*]3} ETOH= ¢Fgho] wkg-5le] o golAlE| o] E (ethyl acetate,

o]a} EAZ <F3hel E(water, o]t H,0= 2F3)S- AA sl dl2H=
3l(esterification)sh-3-©] °‘01LF @ ke SR Y G FEF
EETE AL HE s SREES 943 8855579 (complex

distillation processfEAFE A)8) 0}0:1 o 1 7H] Mg F3RE AW

Hokow, HFER Fe= AFH & AEE 47] Hste] A
st #AE AR oY o] & wEe s HAH2dxAs Toidrh 34

o] A AP g g =239 ASPEN PLUS(Version 10.8) A
|3te] mALEIGAT

of| e =3} 9k-8-4 (esterification- T3} 21}H6-9].
C,H;OH+ CH,COOH < CH,COOGH,+H,0
k, = 4.85x 10exp(-14300RT) mol's™

k, = 1.23x 10exp(-14300RT) mol's™

o714 R& 71A)’34+(1.987 callmol K), &= B2 (K), k3 ki
WL T, G 2/3F = (gmoll)oltt. o Rk e the-a) 7o)
ol

r=KiCanCeron= K2CeaCrizo

olmj EA7} 7 A o3, The ETOH, HO, AAs=
T 3% EA% ETOHO], B4 2 H,09 AAZF A€,

Bock S[7]& ©] A Z AREY FEATE

AEY WS SR 7] W] Ak g
& Ismail $[10]= 7R &2 28238} v
T2 WA dojdtial st

]\:x

Bl Hx=
o o=
o
e nt ey

227 S,
A, 23} 7ot

3L
T [e]
=

fexe:|
iz}

:
ol

3.2 A
3-1. 3 2Al
=B 25} vkl tisted, Al 71X FEle) SFE4E s, o
5 TAHEL A% ¥ Hrrsisnt o700 BAAIE 52 (distillate

T
rate, ©] 3} D= 9k3H), T3, $-54], holdup Fak) m=
of gkl s gelrurt.

3-1-1. 9 FREe 9 I
Aok ﬁ——rmﬂ/ﬂ {\j AEA ] uhe-

q

Z

5] &

==
o
- O
oy

—
- ST

A & EF(single feed)

BRI T
Fgo] RS Bl

Jdo] 8

==
(SN
Al R

(=] Tl
o =
KIS & o

XE e she Fig 1(C)>ﬂ veRd A3 Zo] 7]Ee]
TE o] SREE 94 slolth &, A WA 7l
A U2 sidedraw(streamzbl 3} S22 FEhE 5 WA (e
51)4 TFER Solrly, B2 BHA FZA] U
Bl1= FgHt}. o9} 22 B SHHS V\Eﬂi
Sl =3 ﬁgﬁ o= Zﬂﬂ%‘f&l 5H Aes =
Bl ssivh. B2 v 10ke.2 &kt 7t
© Table ¥l L}E}ﬂi’i‘:‘r

= [o
lo
e Lo rle 9‘&

)

i

)

j?_t[‘
oz 1

e
>
BN
N

Al FFY FFE BT A WA g9 Ohe BAeERE 57
st5ta 8l H40H 2% 20024 43

Fig. 1. Reactive distillation flowsheet: (a) single feed; (b) split feed; (
complex column.
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Table 1. Ethyl acetate column simulation input
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13 trays including the reboiler and a total condenser
Reflux ratio
Pressure(feed, column)
Feed temperature
Single feed, Complex column
Feed rate
Feed composition(AA/ETOH/AD/EA)
Split feed
Feed 1 rate(AA)
Feed 2 rate(ETOH/O)
Holdup(reflux drum/reactive plate/reboiler)
Feed stage(single/split‘complex)

10
1 atm
351K

0.1076 mol/min
0.4963/0.4808/0.0229/0.0

0.0534 mol/min
0.0517/0.0025 mol/min
0.4/0.4A m
8/2, 8(14), 8(feed), 4(recycle feed)
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Fig. 2. Mole fraction profiles with different distillate rate(single feed, single column): (a) D=0.00665(Ibmol/hr); (b) D=0.00H2tol/hr); (c) D=0.0075

(Ibmoal/hr); (d) D=0.0077(Ibmol/hr).
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Fig. 3. Mole fraction profiles with different distillate rate(split feed, single column): (a) D=0.00665(Ibmal/hr); (b) D=0.0073b¢nol/hr); (c) D=0.0075

(Ibmoal/hr); (d) D=0.0077(Ibmol/hr).
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Fig. 4. Effect of distillate rate on the product EA purity and the reac-
tion conversion(split feed).
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9 Block B1 Reaction rate Profile
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Fig. 5. Reaction rate profile(split feed): (a) D=0.00665 Ibmol/hr(single feed); (b) D=0.0075 Ibmol/hr(single feed); (c) D=0.0066%0l/hr(split feed); (d)

D=0.0075 Ibmol/hr(split feed).
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Fig. 6. Mole fraction profiles with different distillate rates(complex column): (a) D=0.00665(Ibmol/hr); (b) D=0.0073(Ibmol/hr)c) D=0.0075(Ibmol/hr); (d)
D=0.0077(Ibmol/hr).
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Block B1 Components mole fraction Profiles
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Fig. 10. Comparison of low reflux ratio and high reflux ratio(split feed, single column): (a) low reflux ratio; (b) high reflux atio.
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Table 2. Optimization results
Case of split feed
- SQP method -
RR 10 5 13 10
Initial values
D 0.0077 0.007 0.0066 0.00665
RR 5.40959908 5.11972336 5.48492934 4.96339496
Results D 0.00666 0.00666 0.00666096 0.00666
Dga 0.003758950 0.00375882 0.00375817 0.00375711
-Complex method-
RR 10 5 13 10
Initial values
D 0.0077 0.007 0.0066 0.00665
RR 5.00489078 472771516 3.58946422 3.86670449
Results D 0.00666171 0.00666593 0.00677639 0.00668707
Dga 0.00375748 0.00375106 0.00365794 0.00369133
Case of split feed
- SQP method -
RR 12 5 13 10
Initial values
D 0.00665 0.007 0.0075 0.00665
RR 6.81414221 6.71171123 6.63005406 6.70691057
Results D 0.0077 0.0077 0.0077 0.0077
Dga 0.00473257 0.00473267 0.00473239 0.00473266
-Complex method-
RR 12 5 13 10
Initial values
D 0.00665 0.007 0.0075 0.00665
RR 8.70288793 6.05477103 8.68418157 8.04366997
Results D 0.00765058 0.00768741 0.00763417 0.00764489
Dga 0.00465624 0.00471603 0.00465614 0.00468943
o olgs) WalsheAlg Yolusict. o Z9E HEEANE FEHL Asle] VNSRS Bojmge
HFAE F&e %S dolrsith @Y 354 AS DY Sl o St webA olgh Zo] £ kg EEo] A HEE oM F
ek WO i R o] § ERO APRE SIS SR e A Y BAR S e SlE AR e
HWH o2 PRAFAN) B Fst Fo1E B ohizh, B ZF72d 4% 2R TR0 Y FS A5 BTN, 23
Y T% Sk mE qukg SUEE <8 dekgo] g &, ST sidestripper ¥ ol HH38 Ho] Sle A 7 9ol =2
o S/l ek whe W el B wE pashe AL B S Atk A g Aew e
8w Atolle @Y 274 Atoke g4, DY St weEt & W28 TS Al 79 e S/ FxF £ T §3A
o] PG AR Ve e A& & T 9t 23] o AA Z=A gl o] HxF sin 53] -gEF ETOHL 5
ETOH} & %08 o|eqo2A & -2 uijEH = ETOHZEO FE SIEeE T A M 2 4eE e ¢ T A
Eal 1G9l ETOH} Bt Auja ez o] Aukgo] A= Az 23} wh-gof A AEL] st AgeE PAE K5, &
2g B vk 2BAN @dAE] o] WiEs s ETOHFS £ Fol, aEal FEEY X gt & 93-S werh me], ofg
sHAl Atk weba] Do) Svbe AE] FUHE 7P ot BAaAIES] W] AR oo HFERQ Ik Ay 2 2882 o
s Wolrk, mel D) AWl ks ETOHY) ¥y AREe] 1t 7] 91 ARxd2As 98ER s 9 4 AU
&E 7PX%9Jr A= Ao At & A2 D2 #slel gs) &
e zheth BYSFTENE DI Sl v AF EAY £ Ne1E
b s AR Amsh A ARs REEe] FRHEE Ass
& R Aadhs, & HulES e o= JEidTh C : concentration of component [gnibl/
2FHY] FEe BY IWHQ SHFANAN B EFE o D : distillate rate [lbmol/hr]
7F A Y E AgaE tEA S8 A2HAE 2L 3R NF  : number of feed stage [-]
© 5 A AGE EAS SR Bol MEHA shy, vk k : reaction constant [ maf]
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168 opdet -
N : number of stage []

R : gas constant [cal/mol - K]

RR  : reflux ratio [-]

T : temperature [K]
: mole fraction in a liquid mixture [-]
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