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Abstract: The development of new technologies for
synthesizing xylene from methanol has great
significance in China, as the coal-based chemical
products have been redundant and homogeneous
seriously. Due to the challenge of high energy
consumption in the chemical separation process, a
multi-objective optimization research was carried out
in the separation of non-aromatic hydrocarbons,
benzene, toluene and xylene mixture using Aspen Plus
and Matlab software in this work. The traditional two-
column sequence separation process and the dividing
wall column process had been simulated and optimized
by NSGA-II algorithm respectively. Total annual cost
(TAC), energy consumption per product flow rate
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(GEC), the productivity of benzene-toluene and the productivity of xylene were set as objective functions. The results
showed that effect of the reflux ratio on TAC was critical. The two separation processes were compared based on the
lowest TAC under the premise of satisfying the constraints. The results indicated that the lowest TAC, heat transfer cost
and GEC of the dividing wall column process were reduced about 7.7%, 16.1% and 26.3% in comparison with the two-

column sequence process, respectively. It implied that the dividing wall column process would be the best sustainable

process in xylene production with lower TAC and GEC.
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Fig.1 Two-column sequence separation process flow sheet
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Table 1 The components of the feed stream
Component Flow rate/(kg/h) Component Flow rate/(kg/h)

Methane 1.05 Heptene 328.26
Ethylene 97.70 Heptane 226.25

Ethane 10.52 Benzene 2067.76
Propane 159.78 Toluene 13079.25
Butene 1455.09 Ethylbenzene 991.30
Butane 1271.86 O-xylene 463.13
Pentene 2454.09 M-xylene 2393.97
Pentane 134.94 P-xylene 16581.44
Hexene 940.06 Trimethylbenzene 4383.25
Hexane 700.31
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Table 2 Type and range of decision variables

No. Decision variable Variable type Feasible region

1 Nreed Integer [6,35]

2 Nstagel Integer [20,40]

3 R Real [0.01,4]

4 D, Real [223,233]

5 Nrced2 Integer [6,35]

6 Nstage2 Integer [18,40]

7 R, Real [0.01,4]

8 D, Real [34,39]

22 HIREEETZ

SrFREERS T 2P 2 Fios . JBERMELR 5 15 G0 0 K
YRIP AR, PR E NS BREEES(T201) 5, . FZRDL
K ARTS IR ESTRAARR Y, MR, =%
M SR . 2P RRBEE(T201) B8 2 P04 Radfrac 5
TUGE ST [ DY ISR, TS FRIE P SRK W 777281,

T201

N R
__——> Nsige

\

N StageM DSide

N, StageV \

D¢
DButtum

2 SrRREEE L2 R R E
Fig.2 Dividing wall column process flow sheet

rRREERE T2, 2 BRI 10 M
PRS0 70 3N FIE B Nswgem BIIE BERRAL Notgev~
HERMRAL B Necea~ VU 720 BCAL B Vo INZER BT B Nsige
2R Dsiges B R # Diotom~ TRAHZSHLE Dis
SR Do MEIRLE R, IEEUX 10 MEIESEAERN
REACE, HAZRIRAMBUE T LK 3.

3 ZHEHMAMAEE

3.1 ZEFMCERTEERE
% HAr Y & Wil 3 Bi7n, Aspen Plus @it
H N PSR AR B T SRS B H bR ek HOR 29 o 2% 1 B 7R A

x3 RARZENTEXIMEECHE

Table 3 Type and range of decision variables

No. Decision variable Variable type Feasible region
1 Nstagem Integer [50,80]
2 Nstagev Integer [35,60]
3 Nsige Integer [10,50]
4 Nreed Integer [10,50]
5 No Integer [4,15]

6 R Real [0.01,4]
7 Dy Real [90,110]
8 Dg Real [580,610]
9 Dsige Real [170,210]
10 Dgottom Real [37,43]
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Table 4 Economic data for utilities

Item Temperature/K Price/(RMB/GIJ)
Low pressure steam (0.5 MPa) 433 54.8
Middle pressure steam (1.0 MPa) 457 58.4
High pressure steam (1.5 MPa) 527 70.1
Cooling water (0.1 MPa) 303 2.0
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Table 5  The weights of process utilities
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M, 1.000
M, 1.065
M; 1.280
me 0.036
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TAC versus #Benzene-toluene and #Xylene
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Table 6 Optimization results of two-column sequence separation process
Item Case 1 Case 2 Case 3 Case 4
Nreedi 16 19 6 34
Nstagel 40 40 40 40
Ry 0.810 0.825 2912 3.843
D,/(kmol/h) 226.586 228.084 225.453 232,511
Nreed2 13 14 9 6
Nstage2 30 37 29 40
R, 0.871 0.878 0.938 4
Ds/(kmol/h) 36.361 34 34 34
TAC/(x107 RMB/a) 1.963 2.050 2.976 4.426
GEC/(kJ/kg) 2035.97 2014.69 3245.74 4765.58
TBenzene-toluene 0.999 0.998 1 0.978
7Xylene 0.962 0.981 0.969 1

Note: TAC is total annual cost. GEC is the energy consumption per product flow rate.
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Table 7 Optimization results of dividing wall column process

Item Case 1 Case 2 Case 3 Case 4
Nstagem 72 76 72 71
Nstagev 47 49 50 50

Nside 32 33 34 22

Nreea 33 31 26 20

M 11 11 12 9
R 1.179 1.123 1.854 2.053
Dy/(kmol/h) 103.640 103.629 106.050 104.191
Dg/(kmol/h) 602.498 601.365 600.365 603.987
Dsige/(kmol/h) 192.085 192.085 188.731 198.858
Dgotton/(kmol/h) 39.337 37.830 37.163 37.083
TAC/(x107 RMB/a) 1.811 1.924 2318 2.361
GEC/(kJ/kg) 1497.82 1473.5 1939.57 1887.52
7Benzene-tolucne 0.984 0.993 1 0.962
7 Xylene 0.972 0.973 0.979 1

F= 8 WERIBFIILZMOIREET ZtE

Table 8 Comparison of two-column sequence separation process and dividing wall column process

Item Two-column sequence process DWC process Deviation/%

Column cost/(x107 RMB/a) 1.079 1.845 -71.0
Heat transfer cost/(x10° RMB/a) 1.730 1.452 16.1
Energy cost/(x107 RMB/a) 1.597 1.191 254
TAC/(x107 RMB/a) 1.962 1.811 7.7
GEC/(kJ/kg) 2035.965 1500.817 26.3
TBenzene-toluene 1 0.984 -1.6
/Xylene 0.962 0.972 1.0

4.3 WIEKRIBFI T ZMOFREETZXt
T HRARH TAC XA I 5 /44 7 B I R Y T
SHBESHEATH L, 3K 8 R, SRR, JrFEEE

PE T ZBOREENE R ) TZK TAC K 7.7%, [l I-FR
BERE T2 RALIFRATHE . 7 FREEE T2 R R A
Z KB (Nsragem=72) BOKHIIEIATEL(R=1.179), 7}
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