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1.
The first reaction for the soda manufacture is 
2NaCl + H2SO4 = NaCl + NaHSO4 + HCl
The acid contains 75.0% H2SO4.  It is supplied in 10% excess of that theoretically required for the above reaction.

a) Calculate the weight of acid supplied per 1000 kg of salt charged.

b) Assume that the reaction goes to completion all the acid forming bisulfate, and
     that  in  the  process  90%  of the HCl formed and 25% of the water present are 
     removed.  Calculate the weights of HCl and water removed from (a).  
c)  Calculate the percent composition of the reaction mixture after the removal of 
     HCl + water as per (b).

2.
A natural gas has the following composition, all figures being in volumetric percent:


CH4 = 80%, C2H6 = 15%, N2 = 5%. Calculate:


a) Composition in mole percent


b) Composition in weight percent 


c) Average molecular weight


d) Density at standard conditions, kg/m3.

3.
The gases from a pyriter burner have the following composition:


SO2 = 9.8%, O2 = 8.5%, N2 = 81.7%.


After passage of gases through a catalytic converter the analysis (excluding the SO3 formed) is as follows:


SO2 = 0.60%, O2 = 4.5%, N2 = 94.9%.


What percentage of the SO2 entering the reactor has been oxidized to SO3?

4.
H2S from a refinery gas is burned with theoretical air to S and H2O over a catalyst.  The conversion is 30% per pass.  It is proposed to increase the ultimate yield to 90% by recycling part of the gas following the removal of sulphur.  Assuming that the conversion per pass is uncharged, what recycle ratio (moles recycle per mole of feed) is required?
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5.
A fuel oil analyzes by weight:


C = 85%, H2 = 12%, combustible S = 1%, O2 = 1%, Water = 1%.  

The composition of the combustion products of the above fuel oil by volume percent is as follows:
CO2 =9.9%, CO = 1.7%, H2O = 10.7%, SO2 = 0.05%, O2 = 3.65%, N2 = 74.0%.
Calculate the percent excess air supplied over that required for complete combustion of the fuel oil.  Water is the mass ratio of air to fuel oil?

6.
If air at 1649oC is to be cooled to 538oC by passing it counter currently through a moving bed of pebbles, compute how many grams of air can be cooled per gram of pebbles.  The pebbles temperature rises from 260oC to 1093oC.  The heat capacity of air can be expressed as:


Cp = 6.386 + 1.762 x 10-3T – 0.2656 x 10-6T2 where T is in K and Cp is in Cal/g.mol.K.
7.
Calculate the standard heats of reaction of the following reactions, expressed in Cals/g.mol:

a) C2H2(g) + 2H2(g)           C2H6(g)


b) C2H2(g) + H2O(l)           CH3 CHO(g)


c) CaC2(s) + H2O(l)            CaO(s) + C2H2(g)


Standard heats of formation, cal/g.mol. are:


CaC2(s) = -15,000

CaO(s) = -151.900

Standard heats of combustion, cal/g.mol. are:

C2H2(g) = -310,615


CH3CHO(g) = -284,980


C2H6(g) = -372,820.

8.
Write short notes on any THREE of the following:


a) Humidity chart


b) Ternary liquid systems


c) Theoretical and actual flame temperatures


d) Henry’s law and Raoult’s law.
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1.
Sulfuric acid can be manufactured by the contact process according to the following reactions:

S + O2      (    SO2

2SO2 + O2 (   2SO3

SO3 + H2O  (  H2SO4

You are asked as part of the preliminary design of a sulfuric acid plant with a design capacity of 2000 tons/day of 66oBe (Baume) [93.2% H2SO4 by weight] to calculate the following:

a) How many tons of pure sulfur are required per day to run the plant?


b) How many tons of O2 are required/day?


c) How many tons of water are required/day?

2.
It is proposed to recover acetone by evaporation into a stream of nitrogen.  The nitrogen enters the evaporator at a temperature of 30oC containing acetone such that its dew point is 10oC.  It leaves at a temperature of 2.5oC with a dew point of 20oC.  The barometric pressure is constant at 750mmHg.  Given vapor pressures of acetone are as follows:


116mm Hg at 10oC and 185mmHg at 20oC.  Calculate (i) moles of acetone evaporated per mole of vapor free gas entering (ii) molal concentrations of gases entering and leaving evaporator per mole of vapor free gas.  (iii) weight of acetone evaporated per 1000 cu. ft. of gas entering.  (iv) volume of gases leaving per 1000 cu. ft. of gas entering.
3.a)
Explain Raoult’s law.

   b)
Calculate the total pressure and composition of the vapors in contact with a solution at 100oC containing 35% benzene (C6H6), 40% toluene (C6H5CH3) and 25% orthoxylene (C6H4(CH3)2) by weight. Vapor pressures at 100oC:

Benzene = 1340mm Hg; Taluene = 560mm Hg, O-xylene = 210 mmHg.

4.
A furnace is to be designed to burn coke at the rate of 100 kg/hr.  The coke has 89% carbon and remaining ash.  The grate efficiency of the furnace is such that 90% of the carbon present in the coke charged is burnt.  Air is supplied in 30% excess of that required for the complete combustion.  It may be assumed that 97% of the carbon burnt is oxidized to CO2 and the remainder farming CO.  Calculate the composition (by volume) of the flue gases leaving the furnace.
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5.
The spent acid containing 33% H2SO4, 36% HNO3 and 31% H2O by weight is to be strengthened by the addition of sulphuric acid containing 95% H2SO4 and nitric acid containing 78% HNO3, such that the strengthened acid will contain 40% H2SO4 and 43% HNO3.  Calculate the weight of sulphuric acid and nitric acid and spent acid added to get 1500kg of desired strengthened acid.

6.a)
Explain theoretical flame temperature.

   b)
Calculate the mean moral heat capacity of nitrogen gas in the temperature range 25oC to 1000oC.


Cp = a + bT + c T2 (T is in K and Cp in cal/mol K)


a = 6.457; bx1000 = 1.389; C x 10,00,000 = -0.069.

c)
Calculate the heat required to convert 1kg of ice at -20oC to steam at 200oC and   1 atm total pressure.


Cp of ice = 0.492 kcal/kg oC.


Cp of liquid water = 1.0 kcal/kg oC.


Cp of steam = 0..457 kcal/kg oC.


Latent heat of fusion = 7.98 kcal/kg mol.


Latent heat of vaporization = 53.9 kcal /kg mol.

7.
Calculate the number of kilocalories required to heat, from 550oC to 1400oC, one cubic meter (at STP) of gas having the following composition by volume:


CO2 = 70%, N2 = 27%, O2 = 2%, H2 = 1%


Given Cp = a + b T + cT2 for


Gas

a

bx103

cx106

CO2

6.339

10.14

-3.415


N2

6.457

1.389

-0.069


O2

6.117

3.167

-1.005


H2

6.946

-0.196

0.4757

8.
Write short notes on any THREE of the following:


a) Wet and dry bulb thermometry


b) Laws of thermo chemistry


c) Trouton’s rule and its application


d) Effect of temperature on heat of reaction.
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1.
Superphosphate fertilizer is manufactured by adding sulfuric acid to rock containing 91% Ca3 (PO4)2, the remainder being inert.  The reaction is:                 Ca3(PO4)2 + 2H2SO4 
[image: image1.wmf]®

2CaSO4 + CaH4 (PO4)2.  Because excess acid would be most injurious to the plants being fertilized, it is desired to use only 98% of the theoretical amount of acid.  Compute

a)
How many kg of acid, 87% by weight H2SO4, should be used with one ton of rock.

b)
Analysis of the product (wt. %).

2.
A volume of moist air of 1000 cubic meters at a total pressure of 745mmHg and a temperature of 35oC contains meter vapor in such proportion that its partial pressure is 25mmHg.  Without the total pressure being change, the temperature is reduced to 15oC and some of the water vapor removed by condensation.  After cooling it is found that the partial pressure of the water vapor is 12mmHg.  Using the partial pressure method, calculate


(i)
the volume of the gas after cooling and


(ii)
the weight of water removed.

3.
A by-product coke-oven-produces on million cubic meters of coal gas per hour having the following analysis by volume:


C6H6 = 5%, C7H8 = 5%, CH4 = 40%, CO = 7%, H2 = 35%, CO2 = 5%, N2 = 3%.


The gas leaves the oven at 1200mmHg pressure and 400oC.


After cooling to 35oC the benzene and toluene are completely removed by absorption.  Calculate 

a) Average molecular weight of gases leaving the oven and the absorber.

b) Weight of gas leaving the oven and the absorber.

c) Volumetric composition of the gas leaving the absorber.

d) Weight of benzene and toluene absorbed.

4. a)
State Raoult’s law.  Mention its limitations.

b)
In a process to manufacture formaldehyde air, methanol and steam are mixed in the proportion of 4:2:1.33 by weight 110oC.  The total pressure in the system is 3 bar.  Calculate the partial pressure of each of the constituent mixture.
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5.
The analysis of a flue gas obtained from the combustion of a hydrocarbon is


CO2 = 4.62%; CO=3.08%; O2 = 8.0% and N2 = 84.3%.


Compute the following:-

a) Moles dry air supplied per mol of dry flue gas

b) Percent excess air if all the fuel is burned.

c) Molal humidity of the moist flue gas

d) Formula of the hydrocarbon.

6.
A heat exchanger heats mater from 30oC to 75oC which is required to wash a precipitate.  The water flows at a rate of 500kg/minute and the steam is sent to the heat exchanger to heat water.  The steam enters at saturated conditions and comes out of the exchanger as a condensate at its boiling point giving out its latent heat of 560kcal/ kg of steam condensed.  The heat exchanger is known to work at 80% efficiency.  Calculate the amount of steam required.

7.
Flue gases leaving a stack at 300oC have an overall molar composition of        8.2% CO2, 2.7%CO, 2.7%H2O, 9.4%O2 and the rest N2.  Calculate the heat lost in 100kg moles of this gas basing the gas on a datum temperature of 35oC.  Assume mater is in the vapor form.  The constant for Cp are as follows:

	Gas
	a
	b x 103
	c x 106

	CO2
	7.7
	5.30
	-0.83

	CO
	6.6
	1.20
	-

	H2O (vapor)
	8.2
	0.15
	1.34

	O2
	6.8
	0.61
	0.13

	N2
	6.8
	0.61
	0.13



Where Cp = Cal/g mol K and T =K.

8.
Write short notes on any THREE of the following:


a)
Properties of humid air


b)
Trouton’s rule


c)
Reference substance plots


d)
Heat of reaction.
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1. a)
Oxygen is prepared according to the equation 2KClO3 = 2KCl + 3O2.  What is the yield of O2 when 9.12gm of potassium chlorate are decomposed?  To liberate 2.5gm O2 how many grams of chlorate must be decomposed?

    b)
SO2 is produced by the reaction:

Cu + 2H2SO4 == C4SO4 + 2H2O + SO2

Calculate the (i) weight of Cu and (ii) the weight of 94% H2​SO4 required, to produce 32gm of SO2.

2.
Combustion gases having the molal composition are passed into an evaporator of 200oC and 743mmHg pressure:


N2 = 79.2%; O2 = 7.2%; CO2 = 13.6%.


Water is evaporated, the gases leaving at 85oC and 740mmHg pressure with following molal composition:


N2 = 48.3%; O2 = 4.4%, CO2 = 8.3%; H2O = 39.0%.


Calculate (i) volume of gases leaving the evaporator per 100m3 entering.            (ii) weight of meter evaporated per 100m3 of gas entering.

3.
A gaseous mixture contain (by volume) 10% methane, 30% ethane and 60% hydrogen.  Calculate the following based for 100 cubic meter per minute of gas flow at a temperature of 30oC and 2 atmospheres pressure:-


a)
The concentration of each component expressed as kg moles/m3.


b)
The partial pressure of each component.


c)
Mass flow rate of the mixture.

4.
A coal containing 87% carbon and 7% hydrogen is burned in air.


Calculate:

a) Weight of air used to burn 1gm of coal when 40% excess air is used.

b) Composition of gases leaving the furnace by weight.  Assume complete combustion.

5.
It is desired to produce a mixed acid containing 45% of H2SO4, 30% HNO3 and the remaining mater, (the composition are by weight) by mixing H2SO4 (98% H2So4 and 2% water), HNo3 (68% HNO3 and 32% water) and water. Calculate the mass of each material required to give 10,000kg of mixed acid.
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6.
When benzene (liq) is completely burnt to CO2 (gas) and H2O (liq) the standard heat of combustion is-780k cal/g mol.  The standard heat of combustion of H2(g) to H2O(liq) is= 68.3 k cal/g mol. that of carbon(s) to CO2(g) is-94k cal/g mol.  Calculate the standard heat of formation of liquid benzene at constant volume neglecting the volume of water formed and initial volume of beneze.

7.
Calculate the theoretical flame temperature of a gas containing 20%CO, 80%N2, when burnt with 150% excess air and gas being at 25oC.


Heat of formation data:


CO2
=
- 393137 J/gmol


CO
=
-110402J/g mol


Average specific heat values:


CO2 = 50.16J/gmol K


O2 =
33.02J/gmol K


N2 =
31.56 J/g mol K

8.
Write short notes on any THREE of the following:


a)
Humidity chart


b)
Solubility of gases in liquids.


c)
Counter current operation


d)
Solute distribution in two immiscible liquids.

###

Set No.


1





Set No.


2





Set No.


3





Set No.


4








_1113854078.unknown

