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1. (15 points)

A first-order heterogeneous irreversible reaction

A—-B
gmol

with a surface reaction rate -t =k,S,C .
geats

is taking place within a spherical catalyst pellet. The reactant concentration halfway between the
external surface and the center of the pellet is equal to 10% of the concentration of the pellet's external
surface. The concentration at the external surface is 0.005 g molfdms. the pellet diameter is 2 cm, and
the diffusion coefficient is 0.08 cm’/s.
{(a} What is the concentration of reactant at a distance of 0.3 cm from the external pellet surface?
{b) Calculate the Thiele medulus
{c) Calculate the internal effectiveness factor
Additional inforralion:
k, = 2.5x10° m/s
Sa = 150 mzf’g cat
Effective diffusivity = 3.5 x10° m’/s
Catalyst pellet density = 1200 kg/m3

sinh x =e"-g™



2. (20 Points)
The reaction
2A —» 2B
is first-order in A, that is
-1, =k8,C,, k, =45x10"° m/s (at 250 °C)
The reaction is carried cut in packed bed reactor with 5 cm in inside diameter. The reaction is internal-
diffusion-limited. Pure A enters the reactor at a superficial velocity of 3 m/s, a temperature of 250 °’c
and a pressure of 500 kPa. Calculate the length of bed necessary to achieve 80% conversion.
Additional information:
AL 250°C, the fluid properties are
Effective diffusivity (D,)= 2.5x10° m’/s
Gas-phase diffusivity (D,,) = 3.0x10° m’/s
Kinematic viscosity = 1.2x10° m%/s
The properties of the catalyst and bed are
Catalyst pellet diameter = 0.5 cm
Density of catalyst particle = 2.0x10° g/m3
Bed porosity = 0.4

Internal surface area = 400 m2/g



3. (20 Points)

The catalytic hydrogenation of methyl linoleate to methyl oleate was carried out in a laboratory-scale

slurry reactor in which hydrogen gas was bubtled up through the liquid containing spherical catalyst

pellets. The following experiments were carried out at 25 °C.

Run Partial Solubility H, Rate Catalyst Catalyst
Pressure of H, of H, of Reaction Charge Particle Size
{atm) (g mol/dm”) (g mol/dm’ min) (g/dm3) (um)
1 18 0.042 0.014 0.5 50
2 3 0.007 0.007 1.5 50
3 5 0.012 0.005 2.5 200
4 6 0.014 0.004 5 280

(a) What is the rate limiting step? How could the overall resistance be reduced?

(b) Ifthe 5m° slurry reactor can be modeled as a well-mixed CSTR, calculate the catalyst charge

necessary to achieve 80% conversicn for a 40 ym particle size. Where the molar feed rate of

methyl lincleate to the reactor is 0.5 kmol/min and the soiubility of H, is 0.02 g mol/dm’.




4. (25 points)
The hydrogenation of an unsaturated organic is (¢ be carried out in a trickle bed reactor packed with

0.50-cm-diameter spherical catalyst particies.
H,+unsaturated ——— saturated

The reaction in the pellet is first-order in both hydrogen and the organic. Hydrogen and nitrogen are

fed in equimolar portions at a total pressure of 10 atm and a total molar rate of 20 mol/s. The reactor
diameter is to be 0.5 m. The superficial liquid mass velocity is 7.0 kg/m2 - 5. As a first approximation,
assume that the concentration of organic is constant and the pseudo-first-order specific reaction rate
is 7 x10° m®/ kg cat. - s at 400 K. [f there is no pressure drop through the bed, calculate the catalyst

weight necessary to achieve 30% conversion of the hydregen.

Additional information:

Liquid viscesity: 0.0018 kg/(m s)

Liquid density = 840 kg/m’

Effective diffusivity = 3.5 x10° m’/s

Pellet porosity = 0.4

Pellet density = 1500 kg/m’

Bed porosity = 0.4

Hydrogen liguid diffusivity in organic = 2.4x10° m¥/s
Hydrogen solubility = 0.008 kmol/(m’ atm)

Organic diffusivity in organic product = 1.2 x10° m*/s



5. (20 points)

Answer the short questions below

5.1 What is an effective diffusivity? (2 points)

5.2 What is an internal effectiveness factor?(2 points)

5.3 What is an overall effectiveness factor? (2 points)

5.4 What is Weisz-Prater criterion? (2 points)
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5.5 What is Mears' criterion? {2 points)

5.6 List the factors which affect internal diffusion rate and explain how to increase such rate (2 paoints)

5.7 List the factors which affect external diffusion and explain how to increase such rate (2 points)

5.8 List the factors which affect the gas absorption resistance in slurry reactor and explain how to

reduce such resistance. (2 points)
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5.9 List the factors which affect the specific combined resistance to internal diffusion, reaction, and

exiernal external diffusion in slurry reactor and explain how te reduce such resistance. (2 points)

5.10 List the transport step for the slurry reactor and for the trickle bed reactor. Are there different?

How? (2 points)
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