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Activity 1 (10 points)

Part 1: Determination of C(t) and E(t)

A sample of tracer at 320k was injected as a pulse to a reactor, and the effluent concentration was
measured as a function of time, resulting in the data shown in the following table:

tmin) | 0 | 1 | 2 | 3| 4 | 5 6 | 7 81 9 [10] 12] 14
Cgm®d | 0 | 1| 5 | 8 | 10| 8 | 6 | 4 |30]|22]|15|06] 0

1/ What is a tracer? Why could we use it?
2/ Construct figures showing C(t) and E(t) as function of time.

Part 2: Adiabatic reactor

Normal butane (CsH10) is converted into isobutane in an adiabatic liquid-phase continuous stirred
tank reactor (CSTR). The feed contains 90% of n-butane (symbolized as A) and 10% of i-butane
(symbolized as B), enters the reactor at temperature of 330k, the total flow rate is 163 kmol/h and
the desired conversion is 70%.

1/ Give a short description of an adiabatic reactor.

2/ Calculate the feed of nC,H,, at the inlet of the reactor;

(_AHr)- XA

3/ Knowing that T =T, + Y 0i.C, . calculate the reactor temperature;
Cpi

In order to determine the volume of the CSTR used in this reaction, we determine the reaction rate

by: —r, =31.1 (1 —Xﬁe) and the equilibrium conversion by: X, = 1fj(c

4/ Determine the required volume of the CSTR to achieve 70% conversion.

Given Data:
AHgpy = —6900 J/mol, Activation Energy'E' = 65,7kJ/mol, C,, = 9,3 kmol/m?, C, ,_pyrane =

141) /mol.k , Cp;_putane = 161J/mol.k , Kz = 3,03 at 60°, Vesrp = FAO'X/(_rA).

Activity 2 (10points)

Part 1: Bioreactors

A bioreactor is a vessel where microorganisms grow and use substrates or enzymes to produce
biomass, metabolites, or useful biochemical products such as those used in pollution control.

1/ Provide the names of three types of bioreactors;
2/ Describe the general working principal of these reactors.
In enzymatic fermentation, two main reactions are taking place.

3/ Give the reaction mechanism of each one;
4/ What is the main difference between the two types of enzymatic fermentation?



Part 2: Enzymatic fermentation

In 1913, Michaelis and Menten developed a reaction mechanism to explain enzymatic reactions.
Their model later became known as Michaelis—Menten kinetics.
1/ What theory did they propose to explain enzymatic fermentation? (Include the reaction
mechanism).

2/ Explain the different cases when: Ca=Cun, Ca>>Cn and Ca<<Cpw.

Part 3: Check-in the theory of Michaelis-Menten

The proposed reaction mechanism proposed by Michaelis-Menten is divided into two parts:
reversible and irreversible; each one is represented by mathematical equation such as:

a/ the rate of formation of EAis given by: k1.Ce.Ca

b/ the rate of disappearance of EAis given by: ko.Ce.Ca+k3Ce.Ca

c/ the enzyme total concentration is given by: C tot, e = Cea+Co

Supposed that the rate of formation of EA is equal to the rate of disappearance of EA:

1/ Demonstrate how to obtain the equation of the rate of the reaction rr.

Part 4: Numeric application

A reactant, called the substrate (A), is converted to product (R) by the action of an enzyme (E), a

high molecular weight (m,, > 10 000) protein-like substance. An enzyme is highly specific, catalysing

one particular reaction, or one group of reactions. Thus, A _®&me R

Kowing that: r; = [EA]k; = %"]{'A[]ﬂ, ks = 100571, ky, = 0.05mol/l , [E,]0.001 mol/l and basing on
M

the following values of [A]:

[A] (mol/l) | 0.001 | 0.005 0.01 0.02 0.05 0.10 0.20 0.50 | 1.00 | 2.00

1/ Calculate the rate of reaction r; in each case;
2/ Plot the r; versus [A] function;
3/ Interpret the curve.

Good Luck
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