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Part [
1. (16 points)
The carbonation of allyl chloride (AC) is carried out over the Pd catalyst:

CH,CHCH,Cl + CO + NaOH —"— C;H;COOH + NaCl
The rate law determined experimentally is of the form

-rac = kCcoCacCraon,” (1+KacCac)’
The reaction mechanism is believed to be

Pd+CO === Pd - CO (reversible)

Pd - CO+NaOH === Pd - CO - NaOH (reversible)
AC+Pd ——> AC - Pd

AC-Pd+Pd-CO-NaOH ——— C;HsCOOH + NaCl + 2 Pd

where Pd - CO, Pd - CO - NaOH, and AC - Pd represent the adsorbed

species. Comment on the validity of the proposed reaction
mechanism.

2. (17 points)
Species A, which is present in dilute concentrations, is diffusing at steady

state from the bulk fluid through a stagnant film of B of thickness & to

the external surface of the catalyst pellet. The concentration of A at the
external boundary is C,p, and at the external catalyst surface is Cas, with
Capb > Cas. Because the thickness of the boundary layer next to the surface
is small with regard to the diameter of the particle, we can neglect
curvature and represent the diffusion in rectilinear coordinates. Derive
expressions for the concentration profile and the flux of A to the surface.

3. (17 points)

For the irreversible first-order isomerization reaction A ———> B that
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occurs on the surface of the pore walls within the spherical pellet of
radius R, a steady-state mole balance on species A results in the following
governing equation with two boundary conditions:

Lo/l +2/ 1del/dl)— Op"=0
B.C.()A=0 ===>¢ isfiniteand (i) A=1 ===>¢=1
where = C,/Ca, Ca and Cp, are the concentrations of Aatr=r(0<

r <R) and r = R, respectively, A = 1/R, O 2=%,R?S, 0 Cas"'/D, is the
square of the Thiele modulus, k; is the reaction rate constant, S, is the
surface area of the catalyst per unit mass of catalyst, o . is the density
of the catalyst, and D, is the effective diffusivity.

(a) What is the significance of D22

(b) With the aid of the transformation y =¢ A, derive an expression

for the above ordinary differential equation.

(c) For the two reaction systems with the Thiele modulus equal to 1
and 30, respectively, which process (surface reaction or internal
diffusion) is the rate-limiting step?

Part II.

4. (20 points)
The exothermic reaction

A— B+C

was carried out adiabatically and the following data recorded:

X Conversion |0

0.2

0.4

0.5

0.6

0.8

0.9

-Ta 10
(mol/dm’.min)

16.67

50

50

50

12.5

9.09

The entering molar flow rate of A was 300 mol/min.

(a) What is the PFR (Plug Flow Reactor) volume necessary to achieve 40%

conversion? (10 points)

(b) What is the CSTR (Continuous Stirred Tank Reactor) volume necessary to achieve

the same conversion as in (a)? (10 points)

Show All Your Work.




5. (20 points)

Tarzlon is a liquid antibiotic (44 %) that is taken orally (& AR) to treat infections (%

#) of the spleen (B #). It is effective only if it can maintain a concentration in the

blood-stream (based on volume of body fluid) above 0.4 mg per dm’ of body fluid.

Ideally, a concentration of 1.0 mg/dm’ in the blood would like to be realized.

However, if the concentration in the blood exceeds 1.5 mg/dm3 , harmful side effects

can occur. Once the Tarzlon reaches the stomach ( § ) it can proceed in two

pathways, both of which are first order: (1) It can be absorbed into the bloodstream

(#23%) through the stomach walls; (2) it can pass out through the gastrointestinal tract

(B3R ¢4 B i8) and not be absorbed into the blood.  Both these processes are first

order in Tarzlon concentration in the stomach. Once in the bloodstream, Tarzlon

attacks bacterial cells (4= # &9 %= &) and is subsequently degraded by a zero-order

process. Tarzlon can also be removed from the blood and excreted in urine (%~ 7

Fi%&) through a first-order process within the kidneys (¥ #%). In the stomach:

Absorption into blood k;=0.15h"
Elimination through gastrointestine k; =0.6 h!

In the bloodstream:

Degradation of Tarzon k3 = 0.1 mg/dm® h
Elimination through urine ks=0.2 h!

(a) Write down all of the reaction schemes involving the Tarzlon in the stomach
(denoted by A) and the Tarzlon in the blood (denoted by B). (4 points)

(b) Derive two differential equations (including initial conditions) describing the
variation of the Tarzlon in the stomach, whose concentration can be denoted by Ca,
and the Tarzlon in the blood , whose concentration can be denoted by Cp, as a
function of time when 1 dose (i.e. one liquid capsule) of Tarzlon is taken. (10
points)

(c) Solve the ODEs in (b) and obtain Cg as a function of time. ~ Sketch Cp(t) vs. time
curve from t = 0 to t = 6 hr using the calculated values of Cg att =0, 2, 4, and 6 hr.
(6 points)

Additional information: One dose of Tarzlon is 250 mg. in liquid form: Volume of

body fluid = 40 dm’.

Show All Your Work.

6. (10 points)

Cyclohexanol was passed over a catalyst to form cyclohexene and water:

cyclohexanol — cyclohexene + water
A — B + H




The following data were obtained.

Partial Partial Partial
Reaction Rate Pressure of  Pressure of Pressure of
Run (mol/dm® s) x 10° Cyclohexanol Cyclohexene  Steam (H,0)
(Pa) (Ps) (Pw)

1 33 1 1 1
2 1.05 5 1 1
3 0.565 10 1 1
4 1.826 2 5 1
5 1.49 2 10 1
6 1.36 3 0 5
7 1.08 3 0 10
8 0.862 1 10 10
9 0 0

10 1.37 3

It is suspected that the reaction may involve a dual-site mechanism, but it is not
known for certain. It is believed that the adsorption equilibrium constant for
cyclohexanol is around 1 and is roughly one or two orders of magnitude greater than
the adsorption equilibriums for the other compounds.  Using these data, suggest a
rate law and mechanism consistent with the data above.

Hint: For the reaction C — D, the surface reaction with a dual-site mechanism can
be expressed as CS + S = DS + S, where S is the vacant site, and CS and DS are the
species C and D adsorbed on the site S, respectively.

Show All Your Work.
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SHEMEREIET ALY THELIHAHSE ) FEERERA

2004/12/30
Part I

1. (16 points)
The carbonation of allyl chloride (AC) is carried out over the Pd catalyst:

CH,CHCH,CI + CO + NaOH —"*— C;H;COOH + NaCl
The rate law determined experimentally is of the form

-rac = kCcoCacCnaon/” (1+KacCac)?
The reaction mechanism is believed to be

Pd+CO === Pd - CO (reversible)

Pd - CO+NaOH === Pd -+ CO - NaOH (reversible)
AC+Pd —— AC-Pd

AC - Pd+Pd - CO-NaOH ——— C;H;COOH + NaCl +2 Pd

where Pd - CO, Pd - CO - NaOH, and AC - Pd represent the adsorbed

species. Comment on the validity of the proposed reaction
mechanism.

2. (17 points)
Species A, which is present in dilute concentrations, is diffusing at steady
state from the bulk fluid through a stagnant film of B of thickness § to

the external surface of the catalyst pellet. The concentration of A at the
external boundary is C,p and at the external catalyst surface is C,g, with
Cap > Cas Because the thickness of the boundary layer next to the surface
is small with regard to the diameter of the particle, we can neglect
curvature and represent the diffusion in rectilinear coordinates. Derive
expressions for the concentration profile and the flux of A to the surface.

3. (17 points)
For the irreversible first-order isomerization reaction A ———> B that
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occurs on the surface of the pore walls within the spherical pellet of
radius R, a steady-state mole balance on species A results in the following
governing equation with two boundary conditions:

o/ +2/ A (de/di)- O le"=0
B.C:())A=0 ===>¢ isfiniteand (i) A=1 ===>¢p=1
where ¢ = Ca/Cas, Ca and Cy, are the concentrations of Aatr=r (0 <

r <R) and r =R, respectively, 1 = /R, ®,% = k,R?S, 0 Ca"'/D., is the
square of the Thiele modulus, k, is the reaction rate constant, S, is the
surface area of the catalyst per unit mass of catalyst, p . is the density
of the catalyst, and D, is the effective diffusivity.

(2) What is the significance of @,2?

(b) With the aid of the transformation y = ¢ A, derive an expression

for the above ordinary differential equation.

(c) For the two reaction systems with the Thiele modulus equal to 1
and 30, respectively, which process (surface reaction or internal
diffusion) is the rate-limiting step?

Part I1.

4. (20 points)
The exothermic reaction

A—- B+C
was carried out adiabatically and the following data recorded:
X Conversion | 0 0.2 0.4 0.5 0.6 0.8 0.9
T 10 16.67 50 50 50 12.5 9.09
(mol/dm’.min)

The entering molar flow rate of A was 300 mol/min.

(a) What is the PFR (Plug Flow Reactor) volume necessary to achieve 40%
conversion? (10 points)

(b) What is the CSTR (Continuous Stirred Tank Reactor) volume necessary to achieve
the same conversion as in (a)? (10 points)

Show All Your Work.
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5. (20 points)

Tarzlon is a liquid antibiotic (3% 4 #) that is taken orally (& f&) to treat infections (2

#) of the spleen (B2 %&). It is effective only if it can maintain a concentration in the

blood-stream (based on volume of body fluid) above 0.4 mg per dm® of body fluid.

Ideally, a concentration of 1.0 mg/dm’ in the blood would like to be realized.

However, if the concentration in the blood exceeds 1.5 mg/dm3 , harmful side effects

can occur.  Once the Tarzlon reaches the stomach ( § ) it can proceed in two

pathways, both of which are first order: (1) It can be absorbed into the bloodstream

(f7&) through the stomach walls; (2) it can pass out through the gastrointestinal tract

(RZ¥F &9 3% 38) and not be absorbed into the blood. Both these processes are first

order in Tarzlon concentration in the stomach. Once in the bloodstream, Tarzlon

attacks bacterial cells (4= & #) 4= §2) and is subsequently degraded by a zero-order

process. Tarzlon can also be removed from the blood and excreted in urine (i

Pk #&) through a first-order process within the kidneys (B B&). In the stomach:

Absorption into blood k;=0.15h"
Elimination through gastrointestine k, = 0.6 h’!

In the bloodstream:

Degradation of Tarzon k; = 0.1 mg/dm’ h
Elimination through urine ks=02h"

(a) Write down all of the reaction schemes involving the Tarzlon in the stomach
(denoted by A) and the Tarzlon in the blood (denoted by B). (4 points)

(b) Derive two differential equations (including initial conditions) describing the
variation of the Tarzlon in the stomach, whose concentration can be denoted by Ca,
and the Tarzlon in the blood , whose concentration can be denoted by Cg, as a
function of time when 1 dose (i.e. one liquid capsule) of Tarzlon is taken. (10
points)

(c) Solve the ODEs in (b) and obtain Cp as a function of time. ~ Sketch Cg(t) vs. time
curve from t =0 to t = 6 hr using the calculated values of Cg att=0, 2, 4, and 6 hr.
(6 points)

Additional information: One dose of Tarzlon is 250 mg. in liquid form: Volume of

body fluid = 40 dm”.

Show All Your Work.

6. (10 points)
Cyclohexanol was passed over a catalyst to form cyclohexene and water:

cyclohexanol — cyclohexene + water
A - B + H

)



The following data were obtained.

Partial Partial Partial
Reaction Rate Pressure of  Pressure of Pressure of
Run (mol/dm’.s) x 10° Cyclohexanol Cyclohexene  Steam (H,0)
(Pa) (Ps) (Pn)
1 33 1 1 1
2 1.05 5 1 1
3 0.565 10 1 1
4 1.826 2 5 1
5 1.49 2 10 1
6 1.36 3 0 5
7 1.08 3 0 10
8 0.862 1 10 10
9 0 0 5 8
10 1.37 3 3 3

It is suspected that the reaction may involve a dual-site mechanism, but it is not
known for certain. It is believed that the adsorption equilibrium constant for
cyclohexanol is around 1 and is roughly one or two orders of magnitude greater than
the adsorption equilibriums for the other compounds. Using these data, suggest a
rate law and mechanism consistent with the data above.

Hint: For the reaction C — D, the surface reaction with a dual-site mechanism can
be expressed as CS + S = DS + S, where S is the vacant site, and CS and DS are the
species C and D adsorbed on the site S, respectively.

Show All Your Work.
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