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SECTION “A”

[20Q. x 0.5 = 10 marks]

Encircle the most appropriate answer.

1.

10.

11.

Convert 0.01 gmol/mL.min to its equivalent in Ibmol/.L.day.
a. 0.75 b. 8.82 e 12.12 d. 31.72

How many significant figures does the number 0.00035 have?
g 1 b. 2 G- 3 d. 4

Consider the equation D (ft) = 2exp (-3t), where t is time. What is the dimension of the
constant 3?
a. 1/time b. Time c. Length/time d. Mass

What is the volume occupied by 100 kg of blood? The specific gravity of blood is 1.06?
a. 0.011 b. 0.017 c. 0.094 d.0.18

How many moles of oxygen atom are present in the 10 gm of CO?
a. 0.36 b. 1.37 c. 0.84 d. 2.55

A liquid that is almost entirely water is reported to contain 200 ppm of blue dye. What is
the mass fraction of water in the liquid?

a. 1.99 x10* b. 1.99 x 10® c. 0.9299 d. 0.9998

In processes, the feed is charged into a vessel at the beginning of the process
and the vessel contents are removed sometime later?

a. Batch b. Semi batch ¢. Continuous d. Semi continuous

Suppose 2 kg/min of benzene, | kg/min of toluene and 2 kg/min of water are mixed. What
is the mass fraction of benzene in the output?
8. 025 b. 0.5 c. 0.4 d. 1

100 mol/h of methane is burned with 1000 mol/h of air in a combustion reactor. Calculate
the % excess air used in the combustion process?
a. 5% b. 10% c. 7% d. 15%

For the problem described in question 9, what is the stoichiometric amount of oxygen
needed for the combustion reaction?
a. 166 mol/h b. 260 mol/h ¢. 200 mol/h d. 450 mol/h

1 g-mol of ideal gas occupies at standard temperature and pressure?
a. 22415m’ b. 22.415L c. 359.05 ft? d. 380 ft



12

13.

14.

13.

16.

17

18.

19.

20.

In one process, the off gas analyzes 10% CO2, 10% O2 and 80% No. If the temperature and
pressure are 25 C and 101 kPa respectively, what is the partial pressure of oxygen?

a.- 10.1 mm Hg b. 10.1 kPa c. 80.8 kPa d. 7.65 atm
Which of the following is NOT an equation of state?

a. Peng-Robinson b. Benedict-Webb-Rubin

c. Soave-Redlich-Kwong e Soave-Watson-Schrodinger

Gibbs phase rule is concerned with
a. Intensive properties of the system

b. Extensive properties of the system

c. Both intensive and extensive properties of the system
d. Non equilibrium systems

At bubble point, the of the vapor is equal to the

of the volatile liquid.

a. Boiling point, condensation point b. Bubble point, dew point

c. Partial pressure, vapor pressure d. Partial pressure, bubble pressure

If the partial pressure of a vapor in equilibrium with a gas mixture containing a single
condensable component is equal to the vapor pressure of the pure component at system T,
any attempt to increase the partial pressure will lead to

a. Sublimation b. Boiling ¢. Condensation d. Saturation

Law is often applied to solutions of non-condensable gases.
a. Raoult’s b. Henry’s c. Hess’s d. Antoine’s

Which of the following is an extensive variable?
a. Pressure b. Volume c. Density d. Specific volume

120 kg of wet solids are to be dried from 20% to 10% moisture by weight. The mass of
moisture to be removed in kg is .
a. 8.88 b. 10.00 c. 10.67 d. 1545

The higher the vapor pressure at a given temperature, the greater the of the
species at that temperature.
a. Critical temperature - b. Triple point

c. Volatility d. Latent heat

S’
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Attempt ALL questions.

Methane is burned with air in a continuous steady state combustion reactor to yield a
mixture of CO2, CO and H20. The feed to the reactor contains 7.8 mole% CHas, 19.4% O2
and 72.8% N,. The percentage conversion of methane is 90% and the gas leaving the
reactor contains 8 mole CO2/mol CO.

a. Write the balanced chemical reactions for the process. 1]
b. Calculate the molar composition of the product stream. (3]
c. Calculate the extent of reactions for both the reactions. [2]

A process for natural gas reforming is shown below. The chemical reactions involved are:

CHs + 2H,0 > CO2+ 4H,  (main reformer reaction) o, sakewp SLHL 100,

CHs+H,0 > CO+3H,  (side reformer reaction) ' - —

2CO0+ 02 2CO2 (CO converter reaction) 15
it O

the reformer. The CHs feed contains 2% nitrogen as an

. . Converter )
20% excess steam based on the first reaction 1s sent to 100%
. - - 3
impurity. Find CH, feed

a. Moles of H>O sent to the reformer [1] ™ Resoimes
b. The composition of stream 3 Bl 4
¢. Amount of makeup COz [2] g

90% CO: yield

Liquid propane (C3Hs) enters a combustion chamber at 25°C at a rate of 0.05 kg/min where
it is mixed and burned with 50 percent excess air that enters the combustion chamber at
7°C. An analysis of the combustion gases reveals that all the hydrogen in the fuel burns to
H,0 but only 90 percent of the carbon burns to COz, with the remaining 10 percent forming
CO. If the exit temperature of the combustion gases is 1500 K, determine

a. the mass flow rate of air [2]
b. AH of the reaction : [4]

The following data table is provided.

Species | Hr (kJ/kmol) | Hasok (kJ/kmol) | Hagsk (kJ/kmol) | Hisook (kJ/kmol)
C3Hz (1) -118910 - = &
02 0 8150 8682 49292

N2 0 8141 8669 47073
CO; -393520 - 9364 71078
CO -110530 - 8669 47517

H0 (g) | -241820 = 9904 57999




4. Methane (CHs) is burned with 25% excess air in a furnace operating at a pressure of 101
kPa. It is known that only 85% of the carbon burned to CO, with the remaining carbon
forming CO. Determine the dew point temperature of the flue gas. [6]

5 Saturated steam at 1 atm and at a rate of 1150 kg/hr is mixed with superheated steam
available at 400 °C and 1 atm to produce superheated steam at 300 °C. The mixing unit
operates adiabatically. Calculate

a. The amount of 300 °C superheated steam produced. (4]
b. The volumetric flow rate of 400 °C superheated steam needed. (2]
6. Acetylene is produced from methane in the reaction

2CHas (g) = C2H2 (g) + 3Hz2 (g)
An undesired side reaction is

C2Hz (g) 2 2C (s) + Ha (g)
Methane is fed to the reactor at 1000 °C at the rate of 10 mol CHa/s. Heat is transferred to
the reactor at a rate of 975 kW. The product temperature is 1500 °C and the fractional
conversion of methane is 0.6. Determine

a. The product component flow rates [5]
b. Yield of acetylene [2] -
c. The reactor efficiency which is define as the ratio of actual acetylene yield /acetylene

yield with no side reaction. [3]

The following information is given.

Component | C; (kJ/mol.°C)
CHs (g) 0.079
CaHa (g) 0.052
H: (g) 0.031
C(s) 0.022
Tables and Charts:
AHy  AH
Compound Formula Mol. wt.  State (kJ/g mol) (kJ/g mol)
Acetic acid CH,COOH 60.05 I -486.2 -871.69 i
g -919.73
Acetaldehyde CH;CHO 40.052 g -166.4 -1192.36
Acetone C;H,O 58.08 aq, 200 -410.03
e : g -21669  -1821.38
Acetylene C,H, 26.04 g 2675 -1299.61
Ammonia NH, 17.032 | -67.20
g -46.191  -382.58
Methane CH, 16.041 g -74.84 -890.4
Methyl alcohol CH,OH 32.042 1 -238.64 -726.55
g -20125  -763.96
Methyl chloride CH,CI 50.49 g -81923  -766.63!
Methyl cyclohexane GHy, 98.182 1 -190.2 -4565.29
g -1548  —4600.68
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