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Fig. 1 Simplified flow diagram of the separation process
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Table 1  Operating parameters of each column
Temperature/ C Pressure/kPa Inlet Reflux
Columns Stages )
Condenser Reboiler ~ Top Bottom stage ratio
C109 -31.99 144.9 100 200 7 4 1913
C110 134.2 186 150 250 35 28 3
C107 -95.1 -8.4 3107 3149 19 8 0.108
C108 50 50 15000 25000 30 - -
C108" —150.6 226.4 500 800 15 5 0.5

1.2 DEIZEWERES RERLER
AR 3CfH ) Aspen HYSY'S i B2 45 400 5044 95 47 A

Lo K B B A T R A4 S BEAR AL 3, FLRTA kG
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HEAT AT, FRtEA T A A IR A
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PUA P AN 1 FER AR R
1.2.1 #Ata i AN R Wang %16 3 1 525 4
BT A5 BI85 42 K06 2000 A0 R R o 05 08 14 55 4 1k
JNE 2 1 P B AR, 43S T 20k Feed (920 1%
mE 2 R (5 R—) . A EEREIE A T
AL R, AR SO 5 43 85 T2 Bk i e ot 9 %y
293 450 kg/h.
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Table 2 Product compositions of oil product separation columns

wl%

No. Component C105 C109 C110
1 2 3 4 5 6 7 8 9
1 H, 0.008 0 0 0 0.064 2 0.000 5 0 0 0 0
2 C 0.006 9 0.0142 0 0 0 0 0 0 0
3 co 0.005 7 0 0 0.0457 0.001 4 0 0 0 0
4 CH, 0.0330 0 0.000 3 0.2639 0.026 4 0 0 0 0
5 CH;CH;, 0.038 5 0 0.002 0 0.3024 02128 0 0 0 0
6 CH,CH,CH;, 0.030 3 0 0.006 2 0.223 6 0.641 6 0 0 0 0
7 1-Butene 0 0 0 0.000 3 0.0029 0 0 0 0
8 1-CH,, 0.000 9 0 0.000 6 0.005 4 0.064 4 0 0 0 0
9 1-Pentene 0.000 4 0 0.000 5 0.001 4 0.022 3 0.000 3 0.000 9 0 0
10 1-CH,, 0.000 6 0 0.000 9 0.002 3 0.020 1 0.000 7 0.002 3 0.000 1 0
11 1-Hexene 0.000 9 0 0.001 7 0.001 5 0 0.001 7 0.005 2 0.000 3 0
12 Benzene 0.0397 0 0.091 6 0.0327 0.000 1 0.092 5 0.2542 0.023 8 0
13 Toluene 0.1186 0 0.295 2 0.0299 0 0.298 1 0.629 6 0.162 1 0.000 1
14 p-Xylene 0.043 4 0 0.1106 0.003 0 0 0.1116 0.034 2 0.1513 0.006 2
15 0-Xylene 0.0409 0 0.104 4 0.002 4 0 0.105 4 0.003 8 0.1552 0.014 6
16 m-Xylene 0.086 5 0 0.220 4 0.0059 0 0.2226 0.063 0 0.3039 0.0128
17 Ethylbenzene 0.004 3 0 0.0109 0.000 4 0 0.0110 0.006 8 0.0133 0.000 4
18 1, 2, 3-m-Benzene 0.060 3 0 0.154 6 0.001 1 0 0.156 1 0 0.190 1 0.9659
19 H,0 0.4812 0.985 8 0.000 1 0.013 8 0.007 4 0 0 0 0
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Table 3  Product compositions of gas product separation columns

w/%
No. Component C107 C108 C108'
10 11 12 13 14 15 16
1 H, 0.169 1 0 0 0.668 0 0.0010 0.028 9 0
2 C 0 0 0 0 0 0 0
3 co 0.1204 0 0 0.3282 0.002 1 0.062 9 0
4 CH, 0.695 7 0 0 0.000 6 0.030 8 0.906 6 0
5 CH;CH; 0.014 7 0.489 2 0 0 0.000 7 0.001 6 0.000 6
6 CH;CH,CH;, 0 0.368 4 0 0 0 0 0
7 1-Butene 0 0.000 5 0 0 0 0 0
8 1-C,H,, 0 0.009 0 0 0 0 0 0
9 1-Pentene 0 0.002 4 0 0 0 0 0
10 1-CsH,, 0 0.003 8 0.000 1 0 0.000 1 0 0.000 1
11 1-Hexene 0 0.002 5 0.000 3 0 0.000 3 0 0.000 3
12 Benzene 0 0.054 0 0.023 8 0.000 6 0.0229 0 0.023 7
13 Toluene 0 0.049 2 0.162 1 0.0012 0.156 5 0 0.1620
14 p-Xylene 0 0.005 0 0.1513 0.000 3 0.146 0 0 0.1512
15 0-Xylene 0 0.004 0 0.1552 0.000 3 0.149 8 0 0.1551
16 m-Xylene 0 0.009 7 0.3039 0.000 6 0.293 4 0 0.303 7
17 Ethylbenzene 0 0.000 6 0.0133 0 0.0129 0 0.0133
18 1, 2, 3-m-Benzene 0 0.0019 0.190 1 0.000 1 0.1835 0 0.190 0
19 H,0 0 0 0 0 0 0 0
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Fig.3 Heat exchanger network considering heat integration
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Simulation and Improvement of Separation Process for Aromatic
Hydrocarbons Produced from Methanol Using Circulating
Fluidized Bed Reactor

ZHANG Dan, YANG Minbo, FENG Xiao
(School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Benzene, toluene, and xylene in aromatics are the essential raw materials in the petrochemical industry
and can be used to synthesize the quantities of chemical products. In recent years, there have been increasingly demand
for aromatics all over the world. Conventionally, benzene, toluene, and xylene are mainly produced from catalytic
reforming oils and pyrolysis gasoline. However, China is short of crude oil reserves and has been the largest crude oil
importer, which brings great challenge for the aromatics industry. Compared with the crude oil, coal reserves are
relatively abundant in China. Therefore, it will be a favorable development direction to take coal as a breakthrough and
develop the coal-based aromatics industry with Chinese characteristics, which has recently received great interest on the
coal-based methanol to aromatics technologies in China. However, most of existing researches are theoretical and have
a certain distance from practical application in industry. The separation process plays an important role in obtaining the
qualified aromatics products, but it is energy intensive. Hence, it is necessary to improve the performance of the
separation process. Based on the technology of methanol-to-aromatics with circulating fluidized bed reactor, this work
establishes a full-flow simulation model for the downstream separation process via the Aspen HYSYS software.
Sensitivity analysis is then performed on the amount of absorbent used in the methane absorber, which shows that the
amount of absorbent can be reduced by 27.7% with little reduction in methane absorption. This work also achieves the
integration of the heat exchanger network of the process such that the hot utility consumption can be reduced by
16.75% and the cold utility consumption is reduced by 11.89%. The proposed method in this work can provide
theoretical support, optimization directions and recommendations for the methanol to aromatics process.

Key words: aromatic hydrocarbons; simulation and analysis; heat exchanger network



