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1.

Assume a reaction as following:

A+B = 14C

With the rate expression —ra = k&1Ca’Cg is taking in a cylindrical batch reactor without friction.

a) Write the rate law solely as a function of conversion in numerically evaluating ail possible symbols.
(10 %) '

b) What is the conversion and rate of reaction when the volume (V) = 0.2 f*? (10 %)

Additional information:

Equal moles of A and B are present at = 0.

Initial volume is 0.15 ft>.

Value of &1 is 1.0 (ft°/1b mol)*/s

Temperature of system: 140°F (where °R = °F + 460)

Gas constant; 0.73 f* *atm/Ib-mol °R

The relationship between the volume of the reactor and pressure within the reactoris V=0.1P (Vin ft’,
P in atm)

a) What is the definition of space time (t) based on conversion (X),and Damkohler Number (Da) in a
CSTR. (4%) | | |

b) What is the conversion for a second order reaction in a CSTR by function of Da? (4%}

¢) Asshown below is two CSTRs in series, to derivate the equation of Ca; and Caz in terms of space
time (1), kinetic constant (k) and input concentration Cao for each tank. (5%)

v, Xy, Ca

Vo, C__\g

“Fa V)

Two CSTRs in series
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3. The liquid phase reactions are conducted in an insulated CSTR:
(1) A+B —2 D (desired)
(2) A+B—% U (undesired)

The desired reaction is first order in A and zero order in B, while the undesired reaction is zero order in A
and first order in B. The feed rate is equimolar in A and B. The inlet temperature of A is at 100 °C, and the
entering temperature for B is 50 °C. The CSTR is operated at 400 K.  (20%)

Additional information:

Fao = 60 mol/min

Cao = 0.01 mol/dnr®

Cpa = 20 cal/moVVK

Ces = 30 cal/mol/K

Cep = 50 cal/mol/K

Cpu = 40 cal/molVK

For reaction 1: AHgrx = -3000 cal/mol of A at 300 K

For reaction 2: AHgrx = -5000 cal/mol of A at 300 K

k1 = 1000exp(-2000/T) min™' (T is in Kevin)

kz = 2000exp(-3000/T) min™" (T is in Kevin)

a)  Please express the CSTR volume as a function of merely Ca and Cg. You should consider mass and
energy balances coupled with rate expressions. (10 %)

b)  What is the CSTR volume and conversion of A at the outlet? (10 %)

4, The overall reaction of ethanol dehydrogenation to acetaldehyde is C;HsOH => C:H4O + Hz, and can be

conducted on copper catalysts (e.g., Cu/S8i0z). (13%)
a) Please derive the rate expression based on the Langmuir-Hinshelwood model, assuming that the

surface reaction step is the rate limiting step. (7 %)
b) The data below was obtained by differential analysis conditions. According to the above derived rate

expression, please obtain the kinetic parameters. (6 %)

T (°C) P (bar.) r40 (kmoV/ke cat. h)
302 1.0 0.0227
302 3.0 0.0277
302 5.0 0.0255
302 7.0 0.0217

302 9.6 0.0183




v <

B 83 BEILERZI AR 105 BERE IR LRAE
% B EBIER2EA

ERAE  LEBKETE EEEH 1 0227 - 85K 3
FIH HK3F '
5. The following figures were reported for the reaction A + B goesto C+ D
(a) (b)
__r) _ri
A A Yao™ Yro
P A PTotal
(©
CP=10
—r ’A e § ,A
Pp

Please find the rate law (8%) and mechanism (6%) for A+ B <> C +D.

6. A mass transfer-limited reaction is being carried out in two packed-bed reactors of equal volume and
packing, connected in series as shown in Figure a. Currently, 86.5% conversion (X)) is being achieved
with this arrangement. It is suggested that the reactors be separated and the flow rate be divided equally
among each of the two reactors (Figure b) to decrease the pressure drop and hence the pumping
requirements. In terms of achieving a higher conversion, Robert is wondering if this is a good idea?
What is the conversion (X2) of the parallel arrangement?  (20%)

(Hint: Please determine the conversion X as a function of reaction length L for a mass transfer-limited

packed-bed reactor first)
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Figure a. Scries arrangement
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Figure b. Parallel arrangement




