ChemE 530 Recitation October 18, 2019

A first-order reaction A>P, with forward reaction rate, ki s, takes place inside a spherical
catalyst. The catalyst is 6x10 m in diameter and has a surface area per unit volume, a, of 2x108
m?2/m?3 catalyst.

(a) Obtain an expression for the concentration profile of A inside the catalyst, and

(b) Determine the value of the effectiveness, n

Provided data/equations: Effective diffusivity Da. = 1.26x10* m?/h
Surface reaction rate constant: kzs = 1.728x107 m3/h m?
Concentration of A at catalyst surface Cas = 28 kgmol/m?
From handout on Example 3.2-8:
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3-3 Oxygen Diffusion in Tissues. Oxygen is consumed in the body tissue, or by cells maintained in
vitro, at a rate which is often nearly independent of the O, concentration. As a model for a
tissue region or aggregate of cells, consider steady-state O, diffusion in a sphere of radius, ro,
with zero-order consumption of O,. Assume that the O, concentration at the outer surface (r=r,)
is maintained constant at C,. Determine the O, concentration profile, C(r).

3-11 Peltier Effect. When a melt is an electrical conductor and its solid is a semiconductor,
passing a current from the solid to the melt releases heat at the interface, a phenomenon called
the Peltier effect. As shown in the figure, suppose that layers of molten and solid silicon are
confined between graphite plates separated by a distance L. Both phases occur because the
melting temperature of silicon (Tn) is between the temperature of the plates (i.e., T:<Tm<T>).
Assume that temperature variations in the x and y directions can be neglected and that the
system is at steady state.
a. Ifthereis no electrical current, calculate T{(z) in both silicon phases and find the height,
h, of the melt-solid interface. The thermal conductivities of the melt and solid are k., and
ks, km % ks. The heat of fusion is A.
b. With an electrical current present, the rate of energy release at the interface is given by
Hs = fxi,, where f is the Peltier coefficient (volts) and i, is the current density in the z
direction (A/m?). Determine T(z) and h.

Graphite Plate T=T,

Molten Silicon
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