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Fig. 1 Simplified diagram of the ethylamine
separation process
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Table 1 Feed data for tower T-201
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Table 2 Separation requirements for each tower

in the ethylamine separation system

B AR Bt/ LR
MPa T 23

T-201 19.5 . =0.99 4 <0. 00001
T-202 4.2 — 1 =0.995 — % <0.0001
T-203 0. 06 . WE=0.995 T <0.05
T-301 0.06 =4 HE=0.8 = HE<0.05
T-302 4.2 = M<0.7 =M =0.998
T-303 0.1 7k <0.10 7K =0. 999
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Table 3 Actual temperatures and the calculated values

. B TIL I JE/C 4 IR IE/C
e L S R S
NRTL 66. 1349 65 123. 8089 123
Wilson 66. 1352 65 128. 4437 123

UNIFAC 66. 1603 65 125. 8286 123

UNIQUAC 66. 1339 65 113. 1063 123
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Fig.2 The relationship between the theoretical
plate number and the reflux ratio
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Fig.3 The relationship between the mass fraction
of triethylamine and the reflux ratio in
tower T-202
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Fig.4 The relationship between the mass fraction of
triethylamine and the distillate mass in tower
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Table 4 Design parameters and simulation results for each tower in the separation system
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Table 5 Temperature and thermal load in each tower

in the separation system

/T /M) -h !
B4R
Rhtdy  PRObAR ¥ Bt A T A
201 50.3 184. 1 -8313.34 16954. 33
202 65.5 128.6 -11502. 87 11684. 4
203 69.8 97.4 -12421. 64 12942. 48
301 77.6 86.5 - 18225.31 18228. 88
302 114.6 156. 1 -6537.32 7080. 58
303 96.3 122.5 - 12662. 05 13148.26
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Design and simulation of a separation system
for a mixture of ethylamines

LI QunSheng CHEN Wen

(College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Triethylamine, ethanol and water form a triple azeotropic system whose composition changes according to
the pressure because the volatility of each component in the system is not the same. Because of this, a mixture of
ethylamines can be separated by distillation. Pure ethylamine, diethylamine and triethylamine were separated using
six distillation towers. We designed and simulated the ethylamine separation system using Aspen Plus. The optimal
parameters such as theoretical plate number and reflux ratio were obtained. The mass purity of ethylamine, diethyl-
amine and triethylamine were at least 0.995, 0.995 and 0. 998 respectively, which meets the commercial require-
ments. The amounts of steam and cooling water required were estimated by calculation of the thermal load. A sepa-
ration system with a scale of 30000 t/a ethylamines needs about 1669 t/h of cooling water, 25.7 t/h mid-pressure
steam and 15.1 t/h low-pressure steam.

Key words: ethylamine; Aspen Plus; simulation; theoretical plate number; reflux ratio



