LECTURE ONE: Overview of Reaction Engineering & challenges

This lecture covers: reaction stoichiometry, lumped stoichiometries in complex
systems such as bioconversions and cell growth (yields), extent of reaction,
independence of reactions, measures of concentrations, single reactions and reaction
networks, and bioreaction pathways.

Figure 1. A schematic of a control volume with inflow of F, and outflow of species A,
Fa.

F = total molar flow rate {moles/sec)

Fe = total molar flow rate entering control volume

Fa = molar flow rate of species A

Fae = maolar flow rate of species A entening control volume
My = Moles of species A

Mass balance: (change in A" inside control volume)= {(amount of "A" that entered)-
(amount of "A" that exited) + (amount of A" created inside the control volume) -
(amount of "A" destroyed inside the control volume)
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where V is wolume and r, is the rate of A created or destroyed (moles/sec/volume).

The mass balance can also be written as:
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where v is velocity, D is the diffusion coefficient, and p, is the molar density of A
(moles/volume).

Example:



A+B-C+D

ro=~k[4][B]. 7. =+k[4][8]. [4][=]} 22

where k is 3 measurable rate constant that changes with respect to T and P but
remains constant with respect to changing concentrations.

If r;, =k[4][B], then
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where v _,is the stoichiometric coefficient for species A in reaction 1. Likewise,
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If there are n reactions involving species "A" then
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= —k[4][B] — *only true if there are no flows!

If the system is homogeneous and there are no flows:
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Extent of Reaction

& [:] moles_ extent of rxn.

£[=] moles . rate of extent of xn.
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A+B->C+D




N4 =N i, — . 1f there 15 one reaction mvolving A
C . -
Ny =N iy — 2 V.andy- 1f there are several reactions
]

g = I r.dV, n1s the reaction number

G, = Ir:a dV ., A 1s the species

Conversion

A+B - C+D
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*May worsen as rxn. goes on (.4 — Cslows, 4 — U keeps going)

J Selectivity is good ifA—=C, bad if4 = 1T7.

The Reaction Rate & Reaction Mechanisms

The lecture covers: Definitions in terms of reacting compounds and reaction extent,

rate laws, Arrhenius equation, elementary, reversible, non-elementary, catalytic
reactions.

From previous lecture:
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Example:

A+ B — 2C

*Reactions are reversible (often will neglect reverse)
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Figure 1. A reactor with reactants A and B constantly flowing in and product C and
unused reactants A and B flowing out.
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Closed reactor, const. V

Detailed balance- all steps in equilibrium, total system

L=t

when [A][B]= [KC] the rxn. stops -> ra=0
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Catalysis

Ty forward = Kear [ Ctalyst][ 4] ([B])
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very small

Rate limiting step determines the kinetics (slow step). The kinetics are insensitive to
[B] because B is not part of this slow step.
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Ideal Gas: pV =nRT = 7T

P° is the standard state pressure (1 atm), this makes the units cancel. Using partial
pressures is accurate within 10%, more error with liquids.

{Stoichiometric coefficient
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I—pDo columns span space? Often no, limits on what is achievable.

Reaction trajectory-
Plot state of system

Figure 2. A plot of the reaction trajectory. € is the extent of reaction.

Conservation Laws

Conserve atoms
2CH4 +O2 S C2H4 +2H20

C, N,+CyzNy;+C.N_ =const.
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constant moles
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C initial

H:4xNgy +4xNey +2Ny =N

H initial





