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Simulation and optimization of production of ethyl acetate and ethylene
glycol with reactive distillation intensified by auxiliary chemical reaction

LIU Xu-jiang , ZHANG Lei”
(School of Chemistry & Chemical Engineering, Southwest Petroleum University, Chengdu 610500, China)

Abstract: The auxiliary chemical reaction is used to intensify the reactive distillation in the production of ethyl
acetate ,and water in the system is removed through the reaction between ethylene oxide and water, which improves the
purity of product greatly and reduces the energy consumption due to that the ring cleavage reaction of ethylene oxide
releases a plenty of heat. The process using auxiliary chemical reaction to intensify the reactive distillation in the
production of ethyl acetate is simulated by Aspen Plus software and the corresponding operating parameters are optimized.

The ethyl acetate produced has a mass fraction of 99. 3%.At the same time, ethylene glycol with a mass fraction of 96%

is obtained at the bottom of the column.The energy consumption of production process is 366 kW.

Key words: auxiliary chemical reaction; reactive distillation; ethyl acetate; intensify; purity

LR R — T DL ARG 2 0 A7 HILIAH , 32 AR
I AR BRIOR  EORHEURFSE R LS
(1 R LB AR 7 T 20 S I i I i 52 1) 23 B A 1R 3
ORI A e I R AR RG22
PR CTRE) T2t i S SRS 6 T 2R 2 %
Bask S K QR TR S R TR LR S K
LAY BT Il Py (R FH AP 25 T X LIS
PR LR (Y TR LR ™ i 2 A B Al R 1
77 Al it BRI 22 B G54 TR ] 235 454 £ 22
TIHBRIEIY, R CR ORI AL, RS R H]
FA 7 1T R 2 8 A8 L3 40, 3 mT LA 2D i
R R B [T IR i B 2l B2 B e . ) T I S R] R
VFZM T 207 g be i, I S 00 RS 8 26 BURE & T
21 BRBERS R RO IR A o Rl B ik
o7 SN A T S 368 e 8 B T AR S Y
K FTREE T 3, TSR 2 1 9D i A R IR

rim B HA.2017-02-18 ;&[5 H #1:2017-08-01

Sl L
1 HRAR

R IR L e A SONDRS 18 A 7 R LT B
& MR Lhe 5 7K 1 BN K T8 B £ R 2R 57K
TEVE TOE iU AW 1, AT 22 £ T8 B4 200 B2 745 LA
fem . HARRyfsa iy # s 1 s,

0 0
)I\OH + ~NOH )ko/\ + H,0
Do + H,0 —— go—YH

1 KRk R mfsr 2R

1T LR 5 A P A B S RT3 SR B2
FEAEA B S A RE 5870 SO, 2R B A
TR J7 1% T LU ™ 8 2R SR PR A Wit 8 1, £k
B IE 10 B Bl AT RN ) R R R R AR | [
i i TR L BRI IMATEFE T 2R Ll 5K Gk

TEHE B XLEVL(1990-) , 5 Wi dAE 5k TR (1967-) , 5 14 28z, P95 U 1) B AL 221130 SE IR RN, 2¢¢166929@ sohu.com,,



- 194 - A A T

YK, AR £ TR A B RHE  fE
T iy () £ TR T 00 5 3 1R 5 B4 £ 6 9 3 S i
SRR I T 9 SRk et BT U T R
KRR , A S DR 1R F) REFEREARG

2 HEBhLF IR R SR K I R A5 T B AR

2.1 RREFEIEE

TEAMGE T, N ARG A 3 Wbkl , LR h 3%
ARHERL, CBER T BB RHE 1S 4 5 R AR A
53 0 S TEAE L THRIUT e i 2 A v 7 42 Al 1 s iy B
InFEsy, Rl A B ZK T RIS I SO R e i ST
BRI R L b 5K N, BEE PR 4R L BE
RS SRE TR A K RN F TR AL X e AR A
UK A /2 Aspen Plus H B9 ™ 4% 115 (radfrac ) 5
He, pERBIHOGE - FM AR R, FIEHEIE T
e FEFE A, LSRR RO AR AR R
2.2 WA ERERE

WM ) TE R S 0T AU 235 TR ) v A A
KOs, AR R0 R L OB LR T
AR AR 2R BOE PR NRTL AR R EA71H55, o
NRTL A A FHE AR R it 58 5 Tl
S, [R5 R 4R B 4 A RN, R ] Hayden —
O’ Connell J5 2, # fx %% |l NRTL -HOC ¥4k J7
PO X NRTL B8 f i) — Ot a8 BB Rk
SCHRL 12 ] A il , ke 2 9 B84 SR FH R AT BT ik vk
UNIFAC f5BAS 3], 83 31845 2] (4 A0 R 42 o 363
SR BRI AR S SR A AT X L g 1 FR
N1 R BEE AT A S SERE A 22 R K, T LA
BRI 25 R AT S

F1 ZEBZERSNLBARMLEEE
SR Bl
BRAUR BT RERAR R

Hiby

ETOH/ETAC/  [0.1126,0.5789, 70.23 [0.1009,0.6093, 70.04

H,0 0.3085] 0. 2898

ETAC/H,0 [0.6885,0.3115] 70.38 [0.6605,0.3395] 70.16
ETOH/ETAC ~ [0.462,0.538]  71.81 [0.4572,0.5428] 71.81
ETOH/H,0  [0.9037,0.0963] 78.17 [0.9016,0.0084] 78.18

2.3 VMEMHERNNFESH

BRI R 4l TR | L FERIRNR e dhRt  BE IR
T ARSE 50 kmol/h, B /1S HUR M T SCHk[ S,
8 1 AL A 7R R Y AR AL T B Bl T B, RN
T .

E37HE 10 B

b
HAC + ETOH A:‘ ETAC + H,0

i
ky
EO + H,0 — EG
—=ryac = kyexp(= E\/RT) X cyucCrron =
k_jexp(— E,/RT) % CeracCu ~ Teo =
kyexp( - E,/RT) CEoCH0
SN B 12 SRR AL RE I L3R 2.
xR2 REZHAZFSHEMENLEE

S8 k, k_, k, El/(kJ'mol’I) E,/(kJ-mol™")
B 2.8x107 7.1x10°  3.15x10° 41. 868 79.373

T£ Aspen Plus F{F i AFHRY 1 S 3 77 48
P Je 0T S DR TR v 8 A AR A A2 e R AT 0k — 2D
oAl . A HRAEAR A 45 PR ISR AL TR A K
L8 CEERR R E A RSB S LR
AIBERHR | CBER IR PR S bR HERHEAE

3 RNRIEERIESHHNMAL

3.1 HEREWREmMAK
FBIENCEON O TR AR S5 & By
S DL NI WREAE 2 W& 2 e, AR 2
ATDUE Y R BE IS MBSO n 2 19 Bty 2R &
PR 2 R Al B 1S A LB G218 T REAE A B 2
I T SR LA 19 Heh o SO A 1 0 3
*}i%&o
0.977 0.990
0.96: 0.985}
0911 0.980f
0.931 _0.975f
09212 g70l
0.90- 50-965 r

0.89: 0.960}
0.874 0955}

086~ 0.95073—7735 16 17 18 19 20
BB AR

1— LRI S0 2— 2 R R RS Y M 3— ST A A
B2 R A ST S LA Y
3.2 ZEERMIERMRA

400

9931 o099 1390
0.93{ 098 {380
9971 o097t 1370
0:90_ 0.96+ 1260 B
»0.89] <0.95¢ 1350 &
= 0.88 5 0.94F 1340 3
0811 003t {330 =
0.854 0.92F 1320
084l ooty ] g(l)g
831 0.90 .
0.824 g9 290

2 3 4 5 6 7 8
Z R

|— LR LIk 5380 2— £ R IR iS4 3— ST A A
B3 ZWRHRHELE Xt 5 A AR AR B



2017 & 10 B

SR BT 7= i 2 2 M RERE 1) 52 0 41 3
BN, CTRAES 4 SijM)iHj‘Fﬁu%?W“”’rﬂc RN H

SEREREARAL B HIAR A, I LAE 58 4 Bkl b £ R F
AR .
3.3 ZE#tRMIEMmL

CWESE R B X 7= 4l BE D B8 FE A 52 IR

K 4 Fion , S EER SR BAE 10 11 12 et iif =
nn B4 RE | BEFEAR LB HE T, 7R 11 BRARAE Ry R
M B A5 AN AR 34, B DL bk 2 58 11 BRARME N 2 1

NETE  MEML S RNVBCRNASBES CBROEEHIA™ 2 BRI St - 195 -

Jei B TR TR R A 40 3 FEAR AR i 2, R 2
FEANIBT [, 33X 0] BE 2 CBRAE N E 4153 i B IS HE
REALR 1 B i B 2052 [l ol T 2R Y I A e 45
FEIRMIRERERE N T,

Y BERHR

1o] 10 I 11000
0.9 o9} 2 1900
0.8 1800
0.8}
071y {700 B
© 0.6 507t =
= = 1600
05712 | 3
04{ ™ {500 =
0.34 0.5r 3 1400
0.2_ 04— llllllll _300
0.1 567 8 0101112131415 16
ZIRHERM
1— TR LRI 0 02— 2 s e 4040 3— I8 IR I e

4 ZE?L*MEEX#F g 3

R AR 2

el 0.99sF 480
095/ 0.990f 1 4460
0.941 0.985p 3, 1440
0.93 0.980+ 420 B
©0.921 = 0.975 1420 =
0.911=0.970} 1400 .@
0.901 0.965}
0891 0.960 2 222
087d OB

45 46 47 48 49 50 51 52 53 54 55 56
Z BB/ (Kmol - h-Y)

1— LR LA S8 2— 2 RS 3— B A e
B6 ZBIAE @S E LA

3.6 ZEHBEmMHL

LTI X6 7= it B RN BEARE RS an &1 7 BT
7N AE ST FERHE N 49. 5 kmol/h B | 7= 5 4li A
I KAE, T FLREFERE 5 2 BER I AT AW N, A T

3.4 REZHEHPMIERRL
SR X i 4l R R AR Y 5 i an 1A 5
FR AR CBE VR B 12 13 14 HUpR i ™ 5 i1y
AL AREAEFH 22 AR /N, 76 13 Bk Ry A T3, Brld
5513 A E LB RS R, MRS thaT A
B YR E OB RIS RO N T T S B R i
AL IE AR 7 i B 2R R S ARAR  BEAREAR &1, T LARR
A CBER R B — B A TR R B DL

PRAE 7 & 09 — 5 21 FE, 5k ¥ £ BE A 3E L R
49. 5 kmol/h,
0.96] 0.95} 1 {500
0.951 0.90-
0.941 0.85f 1450
0.931 g 0.80F 1400 E
©092{=07 2 3
m0.91-m0'70' -350‘::
0.901 8-2(5): 3 1300
0.89- ecl 1250
088l 035

45 46 47 48 49 50 51 52 53 54

Z R/ (Kmol - hY)

1— PR LR B 385 2— £ B B o0 B 3— SR IR BERE

DU AR S0 RE NS5 21 5 4 s b SR A

10{ 0 "‘H\lo 1900
gz 0.9} 5 1800
0.7 <08 1700

0.6 1600 =

B s E 070 Js00 &
041 o6} 3 1400
0.3 1300
02 osl

1— R BRI BTS2 2— &

10 11 12 13 14 15 16 17 18

I Z BB B

ZERRY B 3B TRV RE

K7 ZEHPAEMNFRGEMELNT R

3.7 RREZEFHREMNMEL

CRAE RN 7= S 4l N RERE RS2 QN &l 8 BT
7, REFEREE A L Le I B #T AR, TER R L
SEAEERHE A 50 kmol/h SRR, i 50 kmol/h

HS5 FEATKIRALE =& E
B FE W B

3.5 ZEB#HENRL

TR X 7= it 4l B RN BB FE RS2 An &1 6 f
7N, MR EREE A 49,550 kmol/h B, 7= i 1)
afi fE A AN SR AR W W (H R REAETE 50 kmol/h B
L 49. 5 kmol/h BFZE/IN  BURZ43EHE 50 kmol/h
itk M 6 R LIE 1 #EE i 50 kmol/h

AR LB R
0ol 100 475
- 1450
0.951{ 0.99+ 1425
0947 ¢osl 1 {400
0930 374 5
©0.921 E 097 2 1 g;‘s) =
0.914" 0.96} 1300
0.90-
ogo] 095} 3 ;;(5)
0.884 0.94 225

45 46 47 48 49 50 51 52 53

HE Z beite i/ (Kmol -h)

1 —ZPR LAY B 385 2— 2 B B 08 3— SR IR RERE

K8 ALK

vide s SUNACEN R LA b



- 196 -

3.8 [EIiRLERIMRAL

LRI 4 [ 7 Lo 7™ i 2 B A BEAE A AR Y
SN R IR X REFE A 2 IR 5K, REAERE A [B1 L HLAY
SRR R A, i v 1T Bt R 7 i Y 4l AT BT Y
Wi 4n &l 9 Fir 7w,

I [B1E R i 4 B M RE A A4 32

A AL T

E37HE 10 B

AU GG Bt n] DAAT 2 e 20 A 2R R, A

AU A7 i B 200 B i v, T L B ) S0 0% B i
AR T [ REFEUL AR 1T, 382 1 X R
KA O ORI PR SRAL

REAEFEAS LB (9] 370 EU A 8 o im 2 k35, 7 [ 3
RSN PR TE % SN 6 e ST e DI TR e S I

0.987 1.00 7 800
0.961 0.99f 1700
4] oas fow
‘onl ©0.97f 1500 &
00901 = {4003
= ().884 50.96- 3 @
0.861 0.95} 1300
0.841 0.94} 1200
0821 (o3l {100
0804

2.0222426283.03.234 3638 4.0
=15 ke
1— R 2 BRI B 53405 2— 2 A 5 B 005 3— S IR I e

(SRR G =E o R Lk R AR Al

4 ZERE5TiE

R3 RNBBEFZBRZESIZERIL
T B
fi
w-ETAC/ w-H,0/ 1 w-EG/ : N; W
% % %
B b2E RN 9.3 [ 9% 1 1 366
A e
TCHEA LSRN 77.7 124 1 — 1 1 1969
bt
SN 2 95.3 .18 02— 2 2 —
R Z M schike )
S ik

(1] 2= iz TS A 2 B8 R IR B S B [ D] K

i DA A 2 35 A b A% 2 AT B

10 Fi7R , AT IR AR L %68 1 B2 RS 17 5 1) 25 85 4

AL AT I 11 fr 7, NI Rl LA T34

e R TIn A BE T 2 R £ W 1Y B A 43 K

77.7% b F+51 99. 2% |,

1.0
0.8+

4 6 8 10 12 14 16 18 20
B

0 2
1—AA ;2—H,0;3—ETAC ;4—ETOH; 5—EO0 ; 6—EG

B 10 HH B SR 7 AL SR A 1 - AR B 4 R A

. ok %)
0= n L L n L L L n

0 2 4 6 8 10 12 14 16 18 20
HARE

1—AA ;2—ETOH;3—ETAC;4—H,0

B 11 TR R B b SR 1 A HEAR B 4 B A

[10]

[11]

[12]

R 25 2R 5 AN A PR 51 £ e 1 245 2R Sk
(1] rhgi R XS L, S R N6 3 B B4R 2 de

(3]

RIEBET RS2 T 22, 2013.

(2] KM%, Ra, 8 L LR TSR A 7= L2

[J]. LiB{ET,2006,31(10) :10-13.

Tang Y T,Huang Y P, Huang H P et al.Design and control of an
ethyl acetate process: Coupled reactor/column configuration [ J ].
Journal of Process Control,2005, ( 15) :435-449.

Yadollah Tavan,Seyyed Hossein Hosseini.Design and simulation of
a reactive distillation process to produce high-purity ethyl acetate
[J].Journal of the Taiwan Institute of Chemical Engineers,2013,
44(4) .577-585.

ZEMAAE , B RS, TR SORR. LR Z T A TR B 2 W 5
[T].BR 4L T ,2016,36(5) :40-43.

ZEFR ) 2RI 5w S5 VAR I BREE JBORS 18 20 28 LR S T -
BRI AMIT,2010,39(11) :1232-1235.

WA 9022 S, 2R A5 AR R IR BE IS & i TR L TR (9 A5
T[T ] HFEALS NI ,2009,26(7) :889-892.

FRIE AR LBk G £ ZWop T8 RS AT [ D] .
TR A2 AL T2 B, 2011.

22 AL T AR SE U [ M ] AL 5T A2 Tl i it 2013
93-94.

TR, S . <R R A A R A ) B2 N AR TR AR AL D
PEABL ] IDAR R 2540 T4 07, 2010,40(3) : 154-158.

VDU S RERG 1R A I LR 6 (4 SE R A 5T SN[ T ] 5L
5L ,2009,26(6) :789-792.

I-Kuan Lai, Shih-Bo Hung, Wan-Jen Hung, et al.Design and control
of reactive distillation for ethyl and isopropyl acetates production
with azeotropic feeds[ J].Chemical Engineering Science,2007,62:
878-893.H



