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Fig.1 The quenching process of an ethylene unit (light diesel oil
pyrolysis)
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Table 1 Thermal conditions and components of the
pyrolysis gas at the pyrolyzer outlet

Parameter Value Parameter Value
Flowrate (t/h) 4935 | cJ 0.11
Temperature (C) 800 Cs,~ 251
Absolute pressure (MPa) 0.20 Cs 2.02
Component (%, ) c 0.07
H,O 42.86 Cs 2.07
H, 0.42 Cs~CsNA 0.51
CH, 7.02 Benzene 3.12
C,H, 0.33 Toluene 1.86
C,oH, 15.20 Ebenzene+Xylene 0.66
C,Hs 2.09 Styrene 0.44
C3+C3™ 0.69 Cy~204°C 1.51
Cy 7.86 204 C~ 8.65

2 BRWRIPIZSHEITELER
Table 2 The results of process parameters
in the quenching boiler

Parameter Steam side  Pyrolysis gas side
Flowrate (t/h) 26.75 49.35
Inlet temperature (C) 3246 800
Outlet temperature (C) 324.6 545
Inlet absolute pressure (MPa) 12 0.20
Outlet absolute pressure (MPa) 12 0.18
Heat duty (x10° kd/h) 37.30 37.30
BIRTEEtES

Table 3 The exergy balance results of the pyrolysis gas quenching process

Item Net supplied exergy (x10° ki/h) Recovered exergy (x10° ki/h) Exergy loss (x10° ki/h) Exergy recovery ratio (%)
Quenching boiler 26.47 19.27 7.20 72.8
Dilute stream generator 6.73 6.24 0.49 92.7
Quencher 6.66 0 6.66 0
Total 39.86 25.51 14.35 64.0
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Fig.2 The delayed coking process
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Fig.3 An energy-saving process integrated by ethylene
quenching section and delayed coking unit
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Table 4 The results of process parameters in the quenching tower

Parameter Vacuum residuum side  Pyrolysis gas side
Inlet flowrate (t/h) 110.00 49.35
Outlet flowrate (t/h) 110.35 49.00
Inlet temperature (C) 340 800
Outlet temperature (C) 500 380
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Table 5 The exergy balance results of the quenching tower
and the coke tower

Item Value (x10° kJ/h)

Quenching tower

Net supplied exergy 39.57
Recovered exergy 34.28
Exergy loss 5.29
Coke tower

Net supplied exergy 14.50
Recovered exergy 10.60
Exergy loss 3.90
Total recovered exergy 30.38
Total exergy loss 9.19
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Table 6 The energy balance results of the integrated energy saving process of ethylene quenching and delayed coking

Item Net supplied exergy (x10° ki/h)  Recovered exergy (x10° kd/h)  Exergy loss (x10° ki/h)  Exergy recovery ratio (%)
Quenching tower and coke tower 39.57 30.38Y 9.19 76.8
Dilute steam generator 2.99 2,77 0.22 92.6
Quencher 2.00 0 2.00 0
Total 44.56 33.15 11.41 74.4

Note: 1) Including physical exergy 19.78x10° kJ/h, and chemical exergy 10.60x10° ki/h.
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An Energy-saving Process Integrated by Ethylene Quenching Section and Delayed Coking Unit

CAO Xin-bo, TANG Zzhi-gang, DUAN Zhan-ting, YUAN Nai-ju

(Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: A new method involved in waste heat recovery of high temperature gas, using waste heat as the heat source of an endothermic
reaction so as to transfer physical exergy of the waste heat into chemical exergy of the reaction products, was presented in this paper. As
an example, a novel process, the energy-saving process integrated by ethylene quenching section and delayed coking unit, was
introduced to recover waste heat of the ethylene pyrolysis gas by delayed coking reaction. The results indicated that a pyrolyzer with
annual ethylene capacity of 60 kt can match a delayed coking unit with annual process capacity of 880 kt. And the exergy recovery rate
of the quenching process can be increased from 64.0% to 74.4%. Besides, this integrated process will have the advantages of lower
equipment investment, longer steady running period, etc.

Key words: waste heat; energy saving; chemical exergy; ethylene pyrolysis gas quenching; ¢



