Solution to Homework 8.2




1: 2 mol% TCE, 98% benzene

2: 5 % of the TCE from (F1 + F3)

3: 1000 mol/min, 12 % TCE

4: 12 % TCE, 88 % benzene

5: 100 % TCE

From the information given in the problem, we can fill in some of the stream table as below, values are in moles and a basis of 1 minute is taken

	Stream
	Total
	TCE
	Benzene
	Air

	1
	
	
	
	0

	2
	
	
	0
	880

	3
	1000
	120
	0
	880

	4
	
	
	
	0

	5
	
	
	
	0


The equations we know are:

F1 + F3 = F4 + F2
F4 = F1 + F5
F3 = F2 + F5
Now, let’s write some equations.

1. F2, TCE = 0.05(F1, TCE + F3, TCE) = 0.05(F1, TCE + 120) = 0.05(0.02F1 + 120) = 0.001F1 + 6
2. TCE in separator: F4, TCE = 0.12F4 = 0.02F1 + F5
3. Benzene in separator: F4, Benzene = 0.88F4 = 0.98F1 + 0F5
4. Overall TCE balance: 0.12F3 = F2, TCE + F5
Rewriting these equations we get:


1.
-0.001F1 
+ 1F2, TCE 
+ 0F4 
+ 0F5 
=
6

2.
0.02F1 
+ 0F2, TCE 
– .12F4 
+ 1F5 
=
0


3.
-0.98F1 
+ 0F2, TCE 
+ 0.88F4 
+ 0F5 
=
0

4.
0F1 
+ 1F2, TCE 
+ 0F4 
+ 1F5 
=
120

This now looks perfect to be put into a matrix:
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Now, we can do Gaussian elimination on this matrix.  (The easy way to solve this is to enter the matrix into a graphing calculator and do rref([A]).)  This gives us the matrix


[image: image2.wmf][

]

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

0

.

113

1

0

0

0

5

.

1107

0

1

0

0

0

.

7

0

0

1

0

4

.

994

0

0

0

1

A

rref


This tells us that 


F1 = 994.4 mol


F2, TCE = 7.0 mol


F4 = 1107.5 mol


F5 = 113.0 mol

The question asked for how much TCE was removed per day, so we take F5, which is 100% TCE, and convert it for mol/min to kg/day.
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Thus our final answer is 21382 kg TCE / day.

What might you do to with the removed TCE?  

According to http://ag.arizona.edu/~jpfield/regulations.html, TCE must be kept in a tightly sealed container and should not come into contact with light, water, heat, reducing agents, strong bases, aluminum, or magnesium.  A person certified to handle hazardous waste has to come and pick up the container of TCE.  The best disposal method for TCE is to mix it with a combustible fuel and completely combust it.
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