7. Mass and Energy Balances on Plug Flow Packed Bed Reactor (PFPBR)

Y,
e |In a fixed-bed reactor the catalyst pellets are held in place and do not move
with respect to a fixed reference frame.

e Material and energy balances are required for both the fluid, which occupies
the interstitial region between catalyst particles, and the catalyst particles, in
which the reactions occur.

e The following figure presents several views of the fixed-bed reactor. The
species production rates in the bulk fluid are essentially zero. That is the
reason we are using a catalyst.

e Essentially all reaction occurs within the catalyst particles. The fluid in contact
with the external surface of the catalyst pellet is denoted with subscript s.



Figure 1: Expanded views of a fixed-bed reactor.



During any catalytic reaction the following steps occur:

. transport of reactants and energy from the bulk fluid up to the catalyst pellet
exterior surface,

. transport of reactants and energy from the external surface into the porous
pellet,

. adsorption, chemical reaction, and desorption of products at the catalytic
sites,

. transport of products from the catalyst interior to the external surface of the
pellet, and

5. transport of products into the bulk fluid.

The coupling of transport processes with chemical reaction can lead to concen-
tration and temperature gradients within the pellet, between the surface and the
bulk, or both.



e In the fixed-bed reactor, we keep track of two phases. The fluid-phase
streams through the bed and transports the reactants and products through
the reactor.

e The reaction-diffusion processes take place in the solid-phase catalyst parti-
cles.

e The two phases communicate to each other by exchanging mass and energy
at the catalyst particle exterior surfaces.

We make the following assumptions:

1. Uniform catalyst pellet exterior. Particles are small compared to the length
of the reactor.

2. Plug flow in the bed, no radial profiles.
3. Neglect axial diffusion in the bed.

4. Steady state.
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One reaction, constant heat capacity of species.

Profiles of conversion and temperature are given by following

equations:
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Catalytic PFR

Profile of pressure is calculated using Ergun equation:
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Example
Oxidation of o-xylene to phthalic anhydride!

£30:— [ 3] 0+3H0

The gas phase oxidation is highly exothermic. The reaction is carried out in PFR
tube bundles with molten salt circulating as the heat transfer fluid. The o-xylene is
mixed with air before entering the PFR. The large excess of oxygen leads to a
pseudo-first order rate expression

r, =k(T,)exp F_Efl 1ﬂc = |
v = |L RLT TH A, = o-xylene

Calculate the temperature and composition profiles.

1. Rawlings, G.B., Ekerdt, J.G., Chemical Reactor Analysis and Design
Fundamentals, Nob Hill Publ., Madison, Wisc. 2002.
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