PRINCE OF SONGKLA UNIVERSITY

FACULTY OF ENGINEERING

Midterm Examination : Semester I

Date : 6 August, 2011

Subject : 231-201 Material and Energy Balances
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1. Mixture of Ethanol-water 400 kg containing 70 wt% ethanol (EtOH) and 30% water and
quantity of 60 wt% ethanol-40% water are blended to produce 1000 kg of mixture containing
80 wt% ethanol. Pure ethanol (100%) is added in the mixture to control for final

concentration and quantity of the product. (20 azti1U)

1) Draw and label a flowchart of the mixing process.
2) Calculate quantity of all unknown in the flowchart.
3) Calculate flow rate of all streams if the process is scaled up to produce the final

product mixture at 2500 kg/h



2. Following is a labeled flowchart for a steady-state two-unit process, with boundaries
shown to denoted subsystems about which balances can be taken. Determine all unknown

process variables in the flowchart. (25 aguuY)

m, kg/h
x2 kg B/kg 535 kg/h
1-x; kg Clkg 220 kg A 0.352 kg A/kg
R R i 0.425 kg B/kg
I r=-r=— 0223 kg Ckg
n, kg A/h ! I 950 kg/h &~ m.kgh ;
- Xk | 07 L M Tl B2 bl
b | 0.526 kg A/kg «—-' x;kgB/kg B
f ot | 0.327 kg B/kg yskgBkg LTTp—-.i
' 0.147 kg C/kg 1-x;-y; kg C/kg i, ke/h
""""""""""""""""""""""""""""""""""""""" X4 kg A/kg
ya kg B/kg

1-x4-ys kg C/kg

Y N



3. Ethane is chlorinated in a continuous reactor: C,Hg + Cl, 2 C;HsCl + HCL.
Some of the product monochloroethane is further chlorinated in an undesired side reaction:

C,HsCl + Cly > C,H4Cl, + HCI (30 Aguuw)

1) Take a basis of 100 mol/h Cl, fed. Assume that the feed contains ethane, chlorine, and
50 mol/h nitrogen and that all of the chlorine is consumed.
2) The reactor is designed at 25% conversion of ethane and a selectivity of 20 mol
C2H5Cl/mol C2H4C12
Calculate 1) Draw and label a flowchart the process
2) The feed ratio (mol Cly/mol C;Hg)
3) The fractional yield of monochloroethane
4) Show the extent of these reactions



4. One hundred mol/h of propane (C3;Hg) and 3000 mol/h of air are fed into combustion
reactor. Propane burns in the reaction C3Hg + 50, — 3CO; + 4H,0 as assuming that only

75% of the propane reacts. (30 AZLLUU)

Draw the flowchart and calculate: (Note: air contains N, 79 mole % and O, 21 mole %)
1) What is the theoretical air flow rate for this combustion?
2) What is the percent excess of air by this burning reaction?
3) What is extent of the combustion reaction?
4) What is the molar composition of the stack gas (combustion gas) on a dry basis?



5. Liquid acetone (C3HgO) is fed at 150 kg/h into an evaporator, where it evaporates into a N,
stream. The gas leaving the heater is compressed to a total press. Paps = 5.4 atm at a
temperature of 325°C. The partial pressure of acetone in this stream is p, = 600 mmHg.

Atmospheric pressure is 760 mm Hg. (25 aziuu)

1) What is the molar composition of the stream leaving the compressor?
2) What is the volumetric flow rate of the N, entering the evaporator if this stream has

STP condition.
V, (m*/h)

q: = (kmol Ny/h)
(STP) N,

150 kg/h C3HqO (1)

Evaporator

Compressor

q> (kmol/h)

qs (kmol/h)

F—
Ya (kmol C3HgO/kmol)

1- ya (kmol Ny/kmol)
5.4 atm abs, 325°C
P, =600 mm Hg



