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Table 1 Feed composition

41534 S5 % P/ (kg-h™")
T 81 810
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SR 5 50
SR M 7 70
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Fig.2 Relationship between the stage number of the first

column and the purity of the VAC product
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Fig.3 Relationship between the bottoms to feed ratio of the
first column and the purity of VAC and CROTO prod-

ucts, and the total energy consumption of the first
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Fig.5 Relationship between the feed position and the purity
of VAC and CROTO products, and the total energy

consumption of the first column
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Fig.4 Relationship between the reflux ratio of the oil phase
in the first column and the purity of VAC and CROTO
products, and the total energy consumption of the
first column
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Fig. 6  Relationship between the feed temperature and the

purity of VAC and CROTO products, and the total

energy consumption of the first column

JE2 R RIS SRR EE T, , b 60 °C.,
2.1.6 EXXE

AR AR AL 2 T B T B L e, DR b T
PNIERS 56 FE AT 8 ARk, 16 A2 38 BB AE Q
VER AL B bR, e B 28 R 3R 2 D L | 1k
i 3 AR, LR HRIESE 0.866 5.0.867 0,
0. 867 5, )2 [l HL #EHR 23. 50 ,23. 55 .23. 60, #EK}
MEEBER 10,1112, R 1, (3*%) IERFE A AL
B, 25N 2 PR,

MRPEF 2 MIEZ IR A5 R, il 22 R I K/NA
Wit R 2 ERIBF N . B /F, >R, >N, , LRI %
SR RN AR A R RERERE A K . AN K (T DL Y
B\/F 5 EBERETAIIE, R, (N, 5 RABFEIE ARG, X
SRR T R — 2 AR R, AT B, /F
R, N, BT ERERER i LK, Lk B, /F, =
0.8675.R, =23.60 N, , =10 ARfEHA .



4. A T2 (A RRER)

2018 4F

2 BRI IE GRS R

Table 2 Results of orthogonal experiments for the first column

e B,/F, R, Np, 0/kW
1 0. 866 5 23.50 10 522.08
2 0. 866 5 23.55 11 523.50
3 0. 866 5 23.60 12 524. 88
4 0.8670 23.50 11 519.47
5 0.8670 23.55 12 520. 81
6 0.8670 23. 60 10 520. 56
7 0.867 5 23.50 12 516.77
8 0.867 5 23.55 10 516.53
9 0.867 5 23. 60 11 517.91
k, 523.49 519. 44 519.72
k, 520.28 520.28 520.29
ky 517.07 521. 11 520. 82
W2 R 6.415 1.672 1. 100
F IS 200 185 13 596 5885
F g FAH 19.38 19. 38 19. 38
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Fig.7 Relationship between the stage number of the second
column and the purity of AA and CROTO products

2.2.2 R

WKl 8 Frow, B # 13 L A 38 hn, AA  CROTO
OPE Rl S by N (S AN S| R R =N <
TR REAE T, R IRT 0 b R, 7 S 4356 2 73 125 L

K/ N A LR 4.0,
/‘99.03

99.0F —a— AASF 534K

I —e—CROTOJH E 4 %%
98.81 s
< 99.00 8
= 986 1 2
< 98.97 £
3 [
984 1 5
9894 &
9821 J
—498.91
980 L 1 n 1 n 1 L 1 L 1 L 1 L
28 30 32 34 36 38 40 42

K8 MEEIEEIR LS AA CROTO F=fhali 6 5
Fig. 8 Relationship between the reflux ratio of the second
column and the purity of AA and CROTO products
2.2.3 ¥R HE
WA 9 s, B 5 TR 1 3R 5, 35 48 AA
1 JBT i S BN T R84 T3 CROTO B 3t 43 804N W
N, CHRIEE Z AA RIS TR CROTO FY 46 i 1436
JEEER  GEBR M EIEIE ORI D,/ F, 2 0. 942,

99.6 99.6
992+ —499.2
i 7 e
S /\\
/E\ 98.8- —98.8 o
z 2
< 98.4 —a AA SRS —198.4 =)
r ——CROTOJT &43 5% 2
98.0 —498.0
97.6 . 1 . L . L . 976
0.941 0.943 0.945 0.947 0.949
D,JF,

B9 BimEIEEA TR 1515 AA  CROTO 7= fh 4l 8 1 ¢ &R
Fig. 9 Relationship between the distillate to feed ratio of the
second column and the purity of AA and CROTO
products
2.2.4 #HAEE
WAl 10 Frw , b JERM B R %, AA . CRO-
TO A7 S Sl EE S5 B T SE3G K5 v/ N ka3 PRt
PR N, PEFE R [F I AA [ CROTO (17 il 4
JEE R B e KABLI A5 15 Bkl
2.3 mEEMER
FRAE 2.1 795 2. 2 W AR Ib 4 2R | 4 BEUAE Ab
L3000 t TSI, AEARAE ] 3 000 h 3158, &
LD B PR a3 s o NER3 Hhap LA



%3 AN . SLURRGIR 0 B W S TR R R Aspen B S50 1L -5
99.6 99.06 BRI Z0 0 800 T3 T, Hoh A & BT A 4 (OKS
e Jooou RS S R ITTBRE) £5 600 7

o 92] 8 JC, BT 100 J1oT, HoR B 100 T, FHE
N 499.02 = N .
= 9o P22 b s R
~ =
g —a— AAJREM L 199.00 < 3 ML AL WA
08.8 _._uw*lﬁ%%%ﬁ ] - £S5 FEEEN
08 64 -98.98 Table 5  List of the main equipment items
r 4
og4l— v v 1 oo 0w 19896 W FiAk i
10 12 14 16 18 20 22 24 26
N, e 600 mm x 35 000 mm 1
B0 BEISPERIE 5 AA CROTO it 2B 900 mm x 42 000 mm 1
7 4 B (1 IR AV R 35 m? 1
Fig. 10  Relationship between the feed position of the second JBi A B A 40 m’ 1
column and the purity of AA and CROTO products BT ISV RS 40 m? 1
x3WRCE JIE T 2 60 m? 1
Table 3  Material equilibria
. k4 4 e MR A RTLUE T M B R A A 18 22 5
Y . . ol 22 — VN
U TRk WM WMMZE (eeh ) AGEEPR, RHERESA AR 990 Tr ol T H
Pk 0.00173  0.98059  trace 0.017 68 63.3 2k 10 A Tigse 4t B I

VAC 2.94x10°* 0.011 14 trace 0. 988 56 69.2

CROTO 0.99034 0.00876 3.26x10°* 5.77x10°*  817.5

AA 0.005 32 trace 0.994 68 trace 50.0

TR, TR WL 2o R R IR 3 93. 67%
3 oA
HE 1 3000 1/a HGALFEHUBE, SR FIAL B A 18 3 85
R LUBRA A YA (205 S IR B RS, FLAST
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Table 4  Analysis of economic benefits

I H B A Bt/ ot
SR A 3000 t/a 2000 JG/t 600
VAC it A 207.6 t/a 8 000 JT/t 166. 1
CROTO Wt A 2452.51/a 10000 J&/t 2452.5
AA A 150 t/a 2000 JG/t 30
1K A B2 189.9 v/a 100 I/t 2
PEFRAK 2 68 t/h 2 J0/t 40.8
7 CEHK 4t/h 10 JG/t 12
0.2 MPa ZE753% 0.7 t/h 150 JG/t 31.5
0.4 MPa ZE753% 1.5tvh 200 JT/t 90
FL 2% 10 JE/t 0.75 Jo/ % 2.3
pkitaiy — — 800
PrieghH — — 80
FEUES — — 990
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(2) RFIBE R £ 05 R H ik 71 38 ok Ut} o (1 T
PR 05 57K 2L DR B T I I P S E NS 1R 4y
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iR I T 00 (98.9% ), Tolk FACBRE & T MR
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Simulation and optimization of the azeotropic distillation of separating

wastewater containing crotonaldehyde

LI QunSheng XIE Lei YUE Kun

LI JiaXing AN YongSheng LI ManMan

(State Key Laboratory of Chemical Resource Engineering, College of Chemical Engineering,

Beijing University of Chemical Technology , Beijing 100029 , China)

Abstract; The azeotropic distillation of separating wastewater containing crotonaldehyde has been simulated and op-

timized using Aspen Plus. The stage number, reflux ratio, bottoms to feed ratio and feed position have been ex-

plored by means of sensitivity analysis. The optimized process parameters of the first column are as follows; stage

number 31, bottoms to feed ratio 0. 867 5, reflux ratio of oil phase 23. 50, feed stage number 10 and temperature

60 °C ; The optimized second tower design parameters are as follows: stage number 40, reflux ratio 4. 0, distillate to

feed ratio 0. 942 and feed stage number 15. Economic analysis showed that the optimized process affords good eco-

nomic and environmental benefits.

Key words: azeotrope distillation; crotonaldehyde; vinyl acetate; simulation; Aspen Plus
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