Mass Transfer Operations
Instructor: Prof. Jamin Koo
Due on October 4, 2019

Assignment #2

1. Explain the following equations that calculate the fraction of liquid in the feed.
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Cold liquid: g=1+
Cpv(TF—Tq)

2
where C,,, C,, represent specific heats of liquid and vapor, respectively; 75 7, and 7, are feed,

Superheated vapor: ¢ = —

bubble-point, and dew-point temperature; A denotes heat of vaporization

2. A continuous fractionating column is to be designed to separate 30,000 kg/hr of
a mixture of 40 wt% benzene and 60 wt% toluene into an overheated product
containing 97 wt% benzene and a bottom containing 98 wt% toluene. A reflux ratio
of 3.5 mol to 1 mol of product is used. The molal latent heats of benzene and toluene
are 7,360 and 7,960 cal/mol. Benzene and toluene form a nearly ideal system with
relative volatility of about 2.5; the equilibrium curve is shown in below. The feed has
a boiling point of 95 °C @ 1 atm.

(a) Calculate the moles of overheated product and bottom product per hour.

(b) Determine the number of ideal plates and the position of the feed for three different
conditions of the feed.

(c) If steam is used for heating, how much steam is required per hour?

(d) If cooling water enters the condenser at 25 °C and leaves at 40 °C, how much cooling
water is required per hour?

wiel oA 2128 ELAIR. O, BYHS 0[&st= W2 OMZE0[2 iz

Lt2 AH2[HE&S Ol&dtH XY =0 AA8otA2. (20 H)

3. A mixture of 50 mol% benzene and toluene is to be separated by distillation at 1

atm into products of 98 % purity using a reflux ratio 1.2 times the minimum value.



The feed is liquid at the boiling point. Use enthalpy balances (Table in below) to
calculate the flows of liquid and vapor at the top, middle, and bottom of the column,
and compare these values with those based on constant molal overflow. Estimate

the difference in the number of theoretical plates for the methods.
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Specific heat at constant
X pressure, cal/g mol - °C .
Enthalpy of Boiling pess
Component vaporization, cal/g mol Liquid Vapor °C
Benzene 7,360 33 23 80

Toluene 7.960 40 33 1106

4. For a given distillation, answer the following questions using mathematical analysis.

(@) How does increasing a reflux ratio impact purity of the overhead product?

(b) How does increasing a reflux ratio impact the productivity (flowrates of products, i.e,

overhead and bottoms)?

(c) Will the total cost increase or decrease as you increase the reflux ratio? Answer this

using physical/mechanical reasoning. Your answer can be qualitative.
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5. s it possible to operate distillation such that both operating lines (rectifying and

stripping section) lie above the equilibrium curve? Analyze mathematically.
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