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CENG 122 Separation Process 
Sample Problem Set A 

Office Hour: Tuesday and Thursdays, 5:00PM – 6:00PM 
 
 
PROBLEM 1: 
According to the equilibrium data of a binary mixture of hydrogen and methane shown in 
the figure below, the relative volatility of hydrogen to methane is relatively high and 
increases with decreasing temperature. One way of separating hydrogen-methane mixture 
is partial condensation at low temperature. Such operation must be carried out at a 
temperature below the dew point of the mixture and at high pressure. In a partial 
condensation unit operation, a gas mixture containing 60 mol% hydrogen and 40 mol % 
methane at 1000 psia is cooled to form equilibrium vapor and liquid products. 
 
(a) Show that relative volatility of hydrogen to methane αHM is relatively high and 

increases with decreasing temperature at 1000 psia by calculating values of αHM at 
two distinct temperatures. 

 
(b) What are the percent deviations of the actual αHM value and the K values from that 

assuming an ideal mixture of hydrogen and methane at 1000 psia and -200 oF? Based 
on the calculated deviations, make a comment on the non-ideality of hydrogen and 
methane.  

 
(c) Calculate the dew point temperature (Tdew) of the feed gas mixture. 
 
(d) If the gas mixture at 1000 psia is cooled to a temperature of -200 oF, what fraction of 

feed will be condensed? 
 
(e) If the gas mixture at 1000 psia is cooled to a temperature of -200 oF, what are the 

percent purity and percent recovery of hydrogen in the vapor product? 
 
Useful equations: 
 

𝑃𝑃𝐻𝐻𝑠𝑠(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) =  190.8 𝐸𝐸𝐸𝐸𝐸𝐸[5.603 −
418.2

𝑇𝑇(𝐹𝐹) + 474.2
] 

𝑃𝑃𝑀𝑀𝑠𝑠 (𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) =  673.1 𝐸𝐸𝐸𝐸𝐸𝐸[5.141 −
1742.6

𝑇𝑇(𝐹𝐹) + 452.9
] 

 
See next page for experimental data. 
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PROBLEM 2: 
A 100 lbmol/hr mixture of 25 mol% ammonia and 75 mol% water at 1 atm and 100 oF is 
to be separated in a flash drum into vapor and liquid products.  
 
(a) Assuming it is an ideal solution; calculate the relative volatility of the feed. 
(b) What fraction of feed is vaporized? 
(c) What are the percent purity and percent recovery of ammonia in the vapor product? 
 
Useful Data:  

𝑃𝑃𝐴𝐴𝑠𝑠(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) =  1653.7 𝐸𝐸𝐸𝐸𝐸𝐸[6.152 −
4253.8

𝑇𝑇(𝐹𝐹) + 418.9
] 

𝑃𝑃𝑊𝑊𝑠𝑠 (𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖) =  3206.7 𝐸𝐸𝐸𝐸𝐸𝐸[6.533 −
7173.8

𝑇𝑇(𝐹𝐹) + 389.5
] 

 



 

 

Solutions 

 

1.a. 
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Temperature (F)

T (oF) KM KH αHM 
-297 0.013 30.0 2307.7 
-250 0.060 17.0 283.3 
-200 0.290 10.0 34.5 
-150 0.650 4.7 7.2 



 



 



 


