Problem 4.29(b)

A liquid mixture containing 30.0 mole% benzene (B), 25.0% toluene (T), and the balance xylene (X) is fed to a distillation column. The bottoms product contains 98.0 mole% X and no B, and 96.0% of the X in the feed is recovered in this stream. The overhead product is fed to a second column. The overhead product from the second column contains 97.0% of the B in the feed to this column. The composition of this stream is 94.0 mole% B and the balance T. 

(b) Calculate (i) the percentage of the benzene in the process feed (i.e., the feed to the first column) that emerges in the overhead product from the second column and (ii) the percentage of toluene in the process feed that emerges in the bottom product from the second column.



[image: image1]Equations:

1. F1 = F2 + F3
2. F2 = F4 + F5
*Assume 1 mole of solution is fed into the first distillation column






   Number of Moles

	Stream
	Total
	Benzene
	Toulene
	Xylene

	F1
	1
	.3
	.25
	.45

	F2
	
	.3
	.2412
	

	F3
	.4408
	0
	.0088
	.432

	F4
	.3096
	.291
	.0186
	0

	F5
	
	
	.2226
	


Solutions

(i) Because 100% of the F1,B was carried to F2 and 97% of the F2,B is carried as overhead, 97% of the original feed is emerges from in the overhead product from the second column.

(ii) Fill in the known info in the table based on the assumption of 1 mole of feed (high-lighted in yellow):

Compute:

F4,B by:

F4,B = (F2,B) x (.97)  =  (.3) x (.97)  =  .291
F4 by:

(.94) x F4 = F4,B  ( F4 = (F2,B) / (.94) = .291/.96  =  .3096
F4.T by:

F4 - F4,B = F4,T = .3906-.291 = .0186
F3,X by:

(F 1,X) x .96 = F3,X = (.45) x (.96) = .432  
F 3 by :

(.98) x F 3= F 3,X ( F 3 = (F 3,X) / (.98) = (.432)/.98 = .4408
F 3,T by:

F 3T = F 3 – F 3,X = .4408-.432 = .0088
F 2,T by:

F 2,T = F 1,T – F 3,T = .25 - .0088 = .2412
F 5,T by:

F 5,T = F 2,T – F 4,T = .2412 - .0186 = .2226
Finally, percentage of toluene in the process feed that emerges in the bottom product from the second column, we’ll call this-----( %T bottom of dist#2 to feed:

%T bottom of dist#2 to feed = [(F 5,T) / (F 1,T)] x 100

%T bottom of dist#2 to feed = [(.2226) / (.25)] x 100

%T bottom of dist#2 to feed = 89.04%
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