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Separation Processes 5 – U00359 Tutorial Sheet 2 – Heat Integration (a)



(i)



With the aid of sketches, describe two ways in which heat integration of a distillation column feed stream with a product or column heat duty can be performed. For each case, indicate the circumstances in which it is likely to be worthwhile. (ii) Explain briefly how a vapour recompression cycle works. What properties of the bottoms dew point and distillate bubble point temperatures favour the replacement of the condenser with vapour recompression?



(b) A stream containing two ideally mixed components, X and Y, is to be separated. The stream composition is 40 %molar X. Two separation schemes are proposed: (1) is a standard distillation using a single, atmospheric column, but in (2) the feed stream is to be split with part being fed to an atmospheric column (A) and the rest to a high pressure column (B). The condenser duty from (B) is used to supply heat to the reboiler of (A). Antoine parameters for X and Y are given in the data below. (i) From the data given, determine which of the components is more volatile at atmospheric pressure, taken as 1.000 bar. (ii) Assuming perfect separation in both columns (100% recovery of the more volatile component and none of the less volatile component in the distillate), estimate the pressure required in column (B) in order to meet the requirement for heat integration with a minimum approach temperature of 10K (iii) What is the bottoms product temperature for column (B)? (iv) Estimate the split fraction of the feed into column (A) if the condenser duty in column (B) is to match the reboiler duty in (B). Assume the two columns can be operated at the same reflux ratio, R, and the two components have similar energies of vaporisation. (v) For the feed split calculated in (b) (iv) above, estimate the percentage saving in reboiler utility for scheme (2) relative to scheme (1). (c) Briefly discuss the practical advantages and disadvantages of the heat-integrated, split-feed arrangement studied in (b) relative to the simple distillation scheme (1). Data Assume pure component vapour pressure ( Pi * ) in bar is given by B ln Pi* = Ai − i T where T is in K. Component X Y



AI 5.400 5.750



Bi (K) 1800.0 2000.0
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