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CHEMICAL ENGINEERING PROCESS

CALCULATIONS
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Before answering the question-paper candidates

should ensure that they have been supplied to correct

and complete question-paper. No complaint, in this

regard, will be entertained after the examination.

Note : Attempt Five questions in all, selecting at

least one question from each Unit. Assume

missing data, if any, with justification.

Psychrometric charts may be provided.
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4. A solution of sugar in water is to be

concentrated from 5 wt% sugar to 20 wt%

sugar. The solution is about 45ºC when it is

fed continuously to a bubble column. Air at

45ºC with a dew point of 4ºC is bubbled

through the column and emerges saturated. The

humifidication of the air may be considered

adiabatic. (Use psychrometric chart).

(a) What are the absolute humidities of the

entering air and the exiting air ?

(b) How many kg of dry air must be fed per

kg of the entering sugar solution ? 15

Unit III

5. Fresh feed containing 55 wt% A and 45 wt%

B flowing at 100 kg/h enters a separator that

removes a portion of pure component A only,

as a bottom product. The top product stream

of the separator contains 10 wt% of component

A and the balance is B. A small part of the

separator product stream is recycled and joined

in the fresh feed stream. The other portion is
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Steam tables may be provied. All questions

carry equal marks.

Unit I

1. Limestone analysing 60% CaCO3, 33.5%

MgCO3 and rest inerts is treated with 12%

aqueous H2SO4 solution. The acid is supplied

15% excess in order to ascertin that the reaction

goes to completion. Taking a basis of 500 kg

of limestone, calculate :

(a) the amount of solution fed

(b) amount of residue produced

(c) kmol of CO2 produced. 15

2. A common method used to manufacture sodium

hypochlorite bleach is by the reaction :

 Cl2 + 2NaOH  NaCl + NaOCl + H2O

Chlorine gas is bubbled through an aqueous

solution of sodium hydroxide, after which the

desired product is separated from the sodium

chloride. A water-NaOH solution that contains

1145 lb of pure NaOH is reacted with 851 lb

of gaseous chloride. The NaOCl formed weighs

618 lb.

(a) What is the limiting reactant ?

(b) What was the percentage excess of the

excess reactant used ?

(c) What is the degree of completion of the

reaction ?

(d) What is the yield of NaOCl per amount

of chlorine used (weight basis) ?

(e) What is the extent of reaction ? 15

Unit II

3. Air at a dry bulb temperature of 45ºC and

10% relative humidity is to be humidified

adiabatically to 60% relative humidity. (Use

psychrometric chart)

(a) Estimate the adiabatic saturation

temperature of the air.

(b) Estimate the final temperature of the air

and the rate at which water must be

added to humidify 15 kg/min of the

entering air. 15
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purged. The separator is designed to remove

exactly two-thirds of component A fed to it

(not the fresh feed). The recycle loop is used

to achieve this goal. Compute all unknown

stream flow rates and compositions. 15

6. In the preparation of methyl iodide, 2000 kg/

day of hydro iodide acid is added to an excess

of methanol :

 HI + CH3OH  CH3I + H2O

If the product contains 81.6 wt% CH3I along

with the unreacted methanol and its waste

contains 82.6% hydro iodide acid and 17.4%

H2O, calculate (assuming reaction is 40%

complete).

(a) The weight of methanol adder per day

(b) The amount of HI recycled. 15

Unit IV

7. Steam at 250ºC (H = 1701 kJ/kg) is

completely condensed in the steam chest. The

rate of heat lost from the steam chest to the
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surroundings is 1.5 kJ/s. The reactants are

placed in the vessel at 20ºC and at the end of

heating the material is at 100ºC. If the charge

consists of 150 kg. of material with an average

heat capacity Cp = 3.26 J/gK, how many kg of

steam is needed per kg of charge. The charge

remains in the reaction vessel for 1 h. 15

8. In the production of many microelectronic

devices, continuous vapour deposition (CVD)

is used to deposit thin and uniform silicon

dioxide film on silicon wafers. The CVD

process involves the following reaction between

silane and oxygen at a very low pressure :

   SiH4(g) + O2(g)  SiO2(s) + 2H2(g)

The feed gas contains oxygen and silane in

the ratio of 10 : 1 mol. O2 and SiH4 enters the

reactor at 298 K and 3 torr absolute. All of

the silane in the feed is consumed.

(a) Calculate the standard heat of silane

oxidation reaction (kJ/mole) if the feed

and product species are at 25ºC

(reference).

(b) Calculate moles of each of the feed and

product components and extent of

reaction.

(c) Calculate the heat (kJ) that must be

transferred to or from the reactor.

(d) Determine the heat transfer rate (kW)

required for a reactor feed of 27.5 m3/h.

Data given :

 
4

º

SiH (g)
H 61.9 kJ/molf   ,

 
2

º

SiO (s)
H 851 kJ/molf  

4

5
p SiH (g)C 0.08111 122 10 T   

8 2 2 35.548 10 T 6.84 10 T kJ/mol K    

2

5
p SiO (s)C 0.04548 3.646 10 T  

3 21.009 10 /T kJ/mol K 

M-C-44 6 M-C-44 7 120

http://www.dcrustonline.com

http://www.dcrustonline.com/

