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B. Tech-5 (Chem. Engg)

Chemical Engineering Thermodynamics

Full Marks - 70

Time : 3 hours

Answer all questions.
The figures in the right-hand margin indicate marks.
Symbols carry usual meaning.

1. Answer all questions : 2x10

(a) Define first law of thermodynamics and
mention its limitations.

(b) What is a quasi-static process ? Give example.

(c) What is the physical significance of virial
coefficients ?

(d) What does the Kelvin-Planck statement of
the second law of thermodynamics say ?

(¢) What is the effect of temperature and pres-

sure on the activity coefficient of a compo-
nent in a solution ?
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* (f) Define activity and activity coefficient.
(g) Define Raoults law. Mention its limitations.

(h) What is an azeotrope and how many types of
. azeotropes are there 7

(9) Define reaction coordinate. What is its
effect on temperature and pressure ?

- (j) What s the standards Gibbs free energy change
of a chemical reaction and how it is related to

the equilibrium constants ?

2. (a) With proper assumption derive van der Waals
equation of state. 5 4t 4

(5) Reported values for the virial coefficients of
n-octane vapor at 456.37 K are B = -0.326
" m? mol™, C =-24 x 10 m® mol®. Calculate
V and Z for n-octane vapor at 456.37 K and

10 bar by

(/) Theideal gas'equaﬁon

(if) Pressure explicit virial expression with

2nd term
(iif) Pressure explicit virial expression with
3rd term.: 6
}
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(3)
Or".

(a) With neat sketch explam the PT and TV
dxagram of pure substance

(b) One mole of air, mmally at 423.15 K and 8
bar, undergoes the following mechanically
reversible changes. It expands isothermally to
a pressure such that when it is cooled at cons-

. tantvolumeto 323.15K its final pressure is 3

.. bar. Assuming air is an ideal gas for which C,
=7/2R and C,=5/2R, calculate W, Q, dU and
dH. . 6

3." One mole of an ideal gés, initially at 303.15 K
‘and 1 bar, is changed to 403.15K and 10 bar by
three different mechanically reversible processes.

(a) The gas is first heated at constant volume
until its temperature is 403.15 K; then it is
compressed isothermally until its pressure

'is 10 bar. -

(5) The gas is first heated at constant prcssurc
until its temperature is 403.15 K; then it is
compressed isotherinally to 10 bar. -
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(¢) The gas is first compressed isothermally: to
10 bar, then it is heated at constant pressure

to 403.15 K.. : ,
Calculate Q, W, du and dH in each case. Take

C,=7/2Rand C,=5/2R. - | "
| Or

" (a) With neat sketch write the working principle
of Carnot engine. . 4

(b) A vessel, d1v1ded into two parts by a partmon,
contains 4 mol of nitrogen gas at 348.15 K
and 30 bar on one side and 2.5 mol of argon
gas at 403.15 K and 20 bar on the other. If the
partition is removed and the gases mix adia-
batically and cpmpletely What is the change
in entropy ? Assume nitrogen to be an ideal
gas with C,= 5/2 R and argon to be an ideal
gas W1th C =32R. < | 6

4. (a)Derive the expressmn of Gibbs Duhem equa—
tion for a solution containing multi comp onent
mixture. R T
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Component , - A B oo oG 7
n-pentene (1)° 6.84268 1043 206 233.344
n-heptane (2) 6.89386 ' 1264.370 216. 6{!0

Or

- Derive the expression of fugacify and ﬁlgacify' :
coefficient for a component in a mixture which
obeys van der Waals equation of state. 10

6. (a) Write the effect of operaﬁng condition on’
degree of conversion at equilibrium. -

(b) A system formed initially of 2 mol CO 5 mol
I-I2 and 1 mol CO undergoes the reactlons |
CO,+3H, - CH,0H+H,0
CO,+H, »CO+H,0

Develop expresswns for the mole fractlons
of the reacting species as function of the re-
action coordinates for the tworeacfions. = 5~

Or

Ethanol can be produced accordmg to the
reaction

C,H, () +H, O(g)—)C H OH(g)
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