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A, Chemical Ergineering Thermodynamics {(50%)}:

(A1) Write out the first law of thermodynamics for a common unsteady state flow process.
(1%}

(A2 Write out the mathematical relations regarding the second law of thermodynamics. (10%)

(43) (a) Derive a general principle for a closed system to be at equilibrium. (8%)
(h) From the principle derive the criteria of phase equilibrium and chemical reaction = -
equilibrivm for a multi-phase reacting system. (7%)

(A4) Freezing point depression of a solvent due to the presence of a solute can be estitnated
from the thermadynamics of solution. Let T, be the freczing (or melting) point of the pure
solvent, and Ty the freezing point of the solution. You may assume that the solid phase is
pure solvent, and the solution follows the ideal solution behavior. The mole fraction of
solvent is xg, and solute x5 x;+xa=1.

(a) Please derive the freezing temperature depression (T,,-Tg as a function of solute mole
fraction (x»}, (8%}

{b) Calculate the eutectic point and composition (the same Tf] for an ethyl benzene-
toluene solution. (7%)

Physical properties of sthyl benzene and woluene are as follows:

Ethyl benzene: Tp,=1782K, AH (heat of fusion)=0070.9 Jimole, C,=103.9 Jimol K,
Cpr=1574 Jimal K.

Toluene: T,,=!78.16K, AH (heat of fusion)=6610.7 Jimole, C F‘=8? fimal K, C pL= i35.6

Jimol K.
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B. Chemical Reaction Engineering (50%):

{B1) ¥What are the two important facteors should be considered for the
design and selection for the reactor systems? Which one is the
primary consideration for multiple reactlon design? (10%)

{(B2) Given the reactions

A *Raesired: rp = 2Cx
2A —*§ , rg = 4Cy2

(a) What iLs the fracticnal yield expression @(R!A} for this

asystem?
{(b) In what type of single reactor, plug or mixed, would you
expect to find the Cp max? (10%)

(B3) Determine the conditions such as T, Ca (high, low, intermediate,
rising, falling, etc.) and reactor type (plug, mixed} which
will favor the formation of the desired product indicated.

5

P 4

"‘_*“desired< ny By ng,Bp ng,Eg
T 2,25 0,35 1,15

where oy reaction order of ith step

Ej: activation energy of ith

{ B4 ) An irmeversible liquid reaction takes place in a CSTR under isotheom and constant density

conditions:
A—=B

The reaction of A can be described by a first order reaction as &C4 (kmole/m3s). Before
r=0, the reactor is empty. Fram the moment of t=0, the feed is pumped into the reactor at
a rate of Q (m3s) with a concentration of C 40 Of the reactant. However, at r=t, the liquid
level has reached the overflow and after that the reaction valume V remains constant. You
can assume that the mixing is ideal after t=0. Please calculate the concentration C 4 a5 d
function of time for

(@t<1, (5%)

B> 1, (5%)

[C) t =oo, where Oy = Cy,, (5%)

{d} if the final conversion required is 1%, i.¢., (C4 - Caoad(Cap - Caee)<.01, how much
reaction time is required? (5%)
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