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PARTI fbr## 2 (50 %)

1. Please describe the following thermodynamic behavior or noun.

(1) Explain the relation between internal energy (U) and work (W)/heat (Q).
(5%)

(2) The first law and the second law of thermodyramics. (10%)

(3) Please describe the detail whole operation processes of Carnot engine and

prove that no engine can have a higher thermal efficiency than a Carnot
engine. (10%)

2. Consider a fluid is changed following an irreversible adiabatic process from state

A to state B. Please prove that the change of entropy is AS>0. You can make any
reasonable assumption to prove it. (10%)
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3. Consider the liquid water changes from (1 bar, 25°C) to (1000 bar, 50°C). The
following data is available for water. Please find the change of enthalpy and
entropy in unit of Jmol™. (15%)

T/°C P/bar Cp/Imol "K' Viem™mol™ B/K
25 _ 1 75.305 18.075 256x107
25 1000 — . 17.358 366x10°°
50 ! 75.314 18.240 458x10°
50 1000 — 17.535 568x10°¢

*B is volume expansivityié(%} and 1 J=10 cm’bar.
P




506002 |
i%*%“%%&i%l@l%#fﬁﬂﬁ:biﬁ%ii._éi‘i%

RAAEA D BT B

#+ B jbr#h&me e

(485 21005

PARTIL X # A% (50 %)
L. (a)The relationship between Fap/-ra and X in an adiabatic PFR. for a 1% order
reversible reactions is show in following figure. The feed is pure A. The maximum

reaction rate is not at the entrance of PFR, why? Please explain the phenomenon in
detail. (7 %) S
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(b) Why does the pressure drop decrease the gas-phase reaction rate in a PFR? (4 %)
(c) Make sketches to get maximum selectivity of D. Please describe the proper
operation conditions, such as temperature, concentration, reactor type. (4 %)

A2>D  1a=k;Ca ,E=E)

D->U1 -I29=k2CD s E3=E2

A2U2  -1=ksCs ,E=E; = ,where E;>E;>E,

2. The gas-phase reaction, 3A + B = 6C, is carried out in a batch reactor. The feeds
are Naog= Npg and Neeg=0. The initial volume is 50 dm>. What is the volume as X = 0.6?
The reaction temperature increases from 27°C to 227°C as X=0.6.

Other information: Pt = Prg = 10 bar (5 %)

3. 3A+ B ->5C+ D. The rate law is —rp=kCsCp and k at 300K is 0.2 dm°/mol#h. The
liquid-phase reaction is first carried out in a CSTR isothermally at 348.1K. The
activation energy is 10000 cal/mol. Cag = 12 mol/dm; and Fag = 3Fpe. (a) The yield
rate of C is 15000 mol/h. What is the conversion by using a CSTR of 125 dm’? (b)
We add another PFR with the 1% CSTR in series (CSTR->PFR) to increase 60% of
yield rate. What is the volume of this isothermal PFR (348.1K)? R=2 cal/mol-K.
20%) (&) 22 12% 5 bIR28Y)

4. Derive the rate law for 1, the following reactions and estimate the value of r, as
X=0.5. All liquid reactions are elementary and proceed in an isothermal batch reactor.
(* means the active intermediates, Cag=2M, k= 0.1s",, k=9 Limol*s, k3= 557, k= g)ﬁf,
L/mol*s) (10 %)

ADeA(k); A++A-> B (ky; BOA+A(ky; *A+<BSP (k)
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