















































358 CHEMICAL ENGINEERING KINETICS

is 2.37 g/em?. The surface area of the first sample is 467 m?/g and that of the second is 372 m?/g.
Which sample has the larger mean pore radius?
8-10 Mercury porosimeter data are tabulated below for a 0.400-g sample of UO, pellet. At the
beginning of the measurements (p = 1.77 1b/in.” abs) the mercury displaced by the sample was
0.125 cm®. At this low pressure no pores were penetrated. Data obtained with a pycnometer gave a
true density of the solid phase of ps = 7.57 g/em?.

Calculate the total porosity of the pellet and the porosity due to pores of larger than 250 A radius.
Also plot the pore-volume distribution for the pores larger than 250 A radius, using the coordinates of
Fig. 8-5.

Pressure, Ib/in.2 196 296 396 500 600 700 800 900

Mercury 0.002 0.004 0.008 0.014 0.020 0026 0.032 0.038
penetration, cm?

1000 1200 1400 1800 2400 2800 3400 5000

0.044 0.052 0.057 0.062 0.066 0066 0.067 0.068

CHAPTER

NINE

RATE EQUATIONS FOR
FLUID-SOLID CATALYTIC REACTIONS

The nonuniformity of catalyst surfaces and lack of accurate knowledge of the
structure of chemisorbed species and their concentrations have been emphasized
in Chaps. 7 and 8. In view of these uncertainties it is debatable how much detail
should be postulated in formulating equations for rates of reaction. The most
simple approach, wholly empirical, would be to use the power-law form of the rate
equation, employed for homogeneous reactions, that is, Eq. (2-9). The values of
the exponents on the concentrations, the apparent orders of the reaction, are
determined by fitting the equation to the data. This approach ignores all the
problems associated with adsorptien and catalytic surfaces and provides no infor-
mation about how the reaction occurs. Frequently, but not always, such an equa-
tion can correlate experimental rates just as accurately, and with fewer adjustable
parameters, than more elaborate methods. When the objective is reactor design,
where calculations of engineering accuracy are going to be made with the rate
equation, the simplicity of the power-law form is advantageous. Hence, it has been
used widely in industrial reactor design. As examples, such equations have been
used to represent kinetics data for the water-gas shift reaction using iron oxide
catalysts+
CO + H,0 2H, + CO,

and for the methanation reaction
CO, + 4H, 2CH, + 2H,0
on a Ru/Al,O; catalyst.f

+ H. Bohlbro, “An Investigation on the Kinetics of the Conversion of Carbon Monoxide with
Water Vapor Over Iron Oxide Catalysts”, 2d ed. Gjellerup, Copenhagen, 1969.
1 P.J. Lunde and F. L. Kester, J. Catal., 30, 423 (1973).
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