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(b) Heat pump distillation
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H-Acid

(c) Azeotropic distillation

(d) Extraction distillation

C—=Cold flow; H—Heat flow; C-PRE—Cold flow before heat exchange; H-Pre—Heat flow before heat exchange; IPA— Azeotropic agent
flow; Sul—Extractant flow; C201—Compressor; E101. E102, E203. E301. E302. E303, E401. E402, E403. E404. E405—Heat
Exchanger; M204—Divider; T101, T201, T301, T302, T401, T402—Tower; V201, V301—Component separator; V401, V302—Gas-liquid

flash evaporator
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Fig. 1 Simulation process of each technology
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Table 1 Process simulation results
Acetic acid separation column Reagent recycling column Compressor
Type w(Acetic acid)/%
Nt Nf IVe R Nt Nf R Cr

CD 60 14 25.00 99.82

HPD 60 14 25.00 2.07 99.83

AD 47 10 13 3.50 3 2 0.26 99.81

ED 19 6 6 1.40 11 5 1.00 99.88

N, Ng, N, R and C, represent the number of trays, number of feed trays, extractant feed plates, reflux ratio, and compression ratio, respectively
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Table 2 Energy consumption of per ton acetic acid production

RC/t Electricity ERC/GJ
) Electricity Total
Medium pressure  High pressure consumption/ Medium pressure ~ High pressure . .
Water Water  consumption/GJ  consumption/GJ
stream stream (kW-h) stream stream

1.65 — 157.85 — 5.25 — 0.39 — 5.65

— — 12.69 75.79 — — 0.03 0.70 0.73

1.03 — 100.34 — 3.29 — 0.25 — 3.54

0.13 1.60 82.30 — 0.41 6.26 0.20 — 6.88

RC and ERC represent utility consumption and comprehensive energy consumption, respectively
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Fig. 2 Utility costs for different separation methods
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Table 3 Mass fraction of acetic acid products obtained by
different separation methods under different feed

flowrates
w(Acetic acid) /%
Feed flowrate/(t-a™")
CD HPD AD ED

4000 99.81 99.81 99.86 99.80
6 000 99.82 99.82 99.84 99.82
8 000 99.82 99.82 99.86 99.85
020f A 2 2 A
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S
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Fig. 5 Economic benefits of different separation methods under
different feed flowrates
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Fig. 6 Cost proportion of different separation methods for different feed flowrates
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Table 4 Years in which the total economic benefits of HPD exceed those of ED and AD

Total profit/10° USD

Feed flowrate /(t-a™") Investment duration/a

Total profit/10° USD

Investment duration/a

HPD AD HPD ED
1344 10 5.07 5.06 11 5.60 5.57
4000 7 10.53 10.52 9 13.72 13.58
6 000 7 15.91 15.96 8 18.30 18.17
8 000 5 15.08 14.94 7 21.31 21.00
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Simulation and Energy-Economic Analysis for Separation Process of
Acetic Acid Waste Liquid with Low Water Content

HUANG Liangde!, TONG Zhangfa'?, JIN Yong?, JIANG Yinghua'?
(1. School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, China; 2. Guangxi Key
Laboratory of Petrochemical Resource Processing and Process Intensification Technology, Nanning 530004, China;
3. Guangxi Huayi Energy Chemical Co. Ltd, Qinzhou 535000, Guangxi, China)

Abstract: The acetic acid production process can produce a considerable amount of waste liquids. Thus, recycling
acetic acid from those liquids is one of the key approaches for acetic acid industry to help achieve energy conservation,
emission reduction, and sustainable development. For the separation and recovery of acetic acid waste liquids with low
water content, four different separation simulation processes, namely, conventional distillation, extractive distillation,
azeotropic distillation, and heat pump distillation are established, and the energy consumption and economy of these
four separation processes are analyzed and compared with each other comprehensively. Taking a practical acetic acid
production industry as an example, the strengths and weaknesses of the four methods proposed in this paper are
investigated. The results indicate that all these four separation processes are capable of recovering acetic acid products
that meet the requirements of GB/T 1628—2020. In terms of energy consumption and utility cost, the energy
consumption of the heat pump distillation is the lowest among these four separation processes, while that of the
extractive distillation is the highest. Nevertheless, the equipment investment cost of the heat pump distillation is
relatively higher, and the extractive distillation separation process exhibits better economic feasibility. Through a
comprehensive comparison of the separation effects under different scales, it is found that as the feeding flowrate of
waste liquid increases, the utility cost proportion and economic benefit of the separation process show rising trends.
Meanwhile, the heat pump distillation and azeotropic distillation are more suitable for long-term and large-scale
production situations, and the extractive distillation is better suited for short-term and small-scale production ones.

Key words: acetic acid waste liquid; separation and recovery; distillation technology; energy consumption

analysis; economic evaluation
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