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Derivation of the Slopes of Operating Line and Calculation of Theoretical Plates for the
Binary Distillation Column with Intermediate Reboiler and Intermediate Condenser

Deng Chun ,Lu Xuantong
( China University of Petroleum,Beijing 102249, China)

Abstract ; This paper firstly divide the binary distillation column with intermediate reboiler and intermediate condenser into
rectifying section, intermediate condensing section, intermediate rectifying section, intermediate stripping section, intermediate
reboiling section and stripping section. The slope of each operating lines is strictly derived and analyzed. The number of theoretical
plates is calculated by the plate — by — plate calculation method. An example of binary distillation separation of benzene — toluene
is analyzed ,and the operation line equations of each segments are calculated. The results show that the theoretical number of the
distillation column with the intermediate reboiler and intermediate condenser is 10. 23 plates more than that of the conventional
rectification column. The McCabe — Thiele diagram is drawn on the y — x equilibrium diagram, which visually shows that the
number of theoretical plates of the distillation column with the inter — exchanger is increased.
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Fig.2 Schematic diagram of material balance in the

middle condensation section
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Fig.3 Schematic diagram of material balance

in the middle reboiler section
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Fig.4 Binary distillation operation line with intermediate reboiler and intermediate condenser(q=1)
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Fig.5 Calculation of the theoretical plate number of a conventional distillation column via plate — by — plate calculation method
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Table 1  Operating line slopes and equations of rectification column with intermediate reboiler and intermediate condenser
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Fig.6 Calculation of the theoretical plate number of a rectification column including an intermediate condenser and
an intermediate reboiler via plate — by — plate calculation method
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