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1. An ideal gas undergoes the following sequence of reversible processes

(a) 100°C, 5 bar —> 200°C (adiabatic)

(b) 200°C —= 100°C (constant pressure)

{e) 100°C - uriginal (isothermal)

Please caleulate W (1), Q0 AUy and AH () for each processes (4 pts for
each processes) and the entire eyele (4 pts). (total 16 pis)

Cv= j Ry Cp==R,R=8.314 Jmole K

2. The virial expansion of a gas s Z= 1+ B'P+ C'P+ DP + .
Please show the equation for isothermal work in a reversible compression is

W=RT Ir|,| L: in the extreme low pressure. (4 pis)

3. One built a well-insulated vessel containing 10 kg of water initially at 600K,

The vessel is made of copper and weighs 1 kg, A copper bloack, weighing 2 kg,

with an initial temperature of 1200K is immersed in the water and allowed to

come to equilibrium. .{j‘_'i"]qn)

(2) What is the change in internal energy (kJ) of water? (3 pis)

(h) What is the change in internal energy (kJ) of the entire system including the
vessel 7 (3 pis)

(€} What is the entropy change (kJ/K) for the copper block ? (3 pis)

(d) What is the entropy change (KI/K) for the entire system, including the vessel ?
(3 pts)

Ignore the effect of expansion and contraction, the specific heats arc constants at

S A
4.2 S for water and (.42 R—" I}-.: for cupper.
£ g -

4. A gas (Cv & Cp are constants) obey Vander Waals equation of sate

f d
£+ ':—LI (V= nb)= aRT, assume condition is from T,J7, £ o LK, P

Please find ; W, @, AS Al and AH expression. (2 pts for each, {otul 10 )
=)
5. Equation of state: PV = RT —af, a-07 LY s ,\'
Please find the fugacity (| pis) and fugacity coefficient | {-pts) at 10000 mmHg
m b, rm

and 200°C, (gas constant: 0,082 — "~
kg-mole K
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6. Cabeulate the individual reactor volume and the total reactor volume for each fullowing scheme.
Al conversion (X) equals to 0.5 and Fyyequals 1o 0867 moli's: (Toral 12 prsi
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7. Hetensgeneous catalyvsis conversion of A tq B can he portriyed us following figure: (Tomd 13 pes)
Please (o) iteiinze and explain coch step. (7 piv) () 1Fcomversion of A fu B [s extremely rapid
(.8, oxldation); which stepis) will be varied zignificantly, why? (3 pex) () If gradually increase
the external siream flow, wiich sip(s) will be viried significandly, why? (3 pi)
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8. Chemical vapor deposition (CVD) id wsed to grow stable thin flm al polyerystulling silicon for
application in semiconductor mndusiry, Consider the deposition of silicon as Fillowing steps:

SIH, (g)+ *32SiH, ¢ (step 1)
SiH, * "5 8ita) 1. * (siep 7Y
x FIJ'.';—..'LI.:._'H,{g]-r' {atep 3)
Assuming step 2 i the rute-delermining step, (Total 13 pis
ta) Please derive the rute equation based oa the nbuye-mentioned mechanism. (7 s )

(B} I wou want b estinate the kinetie parmmeier(s) of the rile squation derived shove s your

experimental vutedeties are hsted as the tahle below . Please fimd the remaining Kinetic parsmefers)
by assuming step 1 is very fist, /6 pis)

_Reaction rate (mol{g*s)) SiH, (mol/L) _Hy (moliL)
&.10 0.1 o1
b2 0,3 0.3
0,14 1% ] (8
.16 13 1|
01E I 1.5
0 18 1.8

9. Expluin the following terms: (ool 12 pey)
{n) Differential method of rate anabysis 3 prs)
{b) Inteyral method (3 )

(e} Gas hourly space velocity (7 iyl

{4} Fluidized bed renctor (3 gy
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