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or .
k1,333 = 0,942 min-? (li)

Similarly, for the batch run at 25°C we find
k1,208 = 0.0909 miin-1 - (iii)

Assuming an Arrhenius temperature dependency, the ratio of forward rate constants
at these two temperatures gives

ki1, 208 _ 0.0909  kyoe~Euir@on)
kiaze 0942 Jyge-E1/R@3D)

from which the activation energy of the forward reaction is evaluated, giving
E; = 11,600 cal/mol
The complete rate constant of the forward reaction is then

k1 = 3 x 107e—(11,6000a1/m01)IET = e1'7.2-11,600IET

Noting that k;/k, = K where X is given in Example 1, we then can find the value for ..
Summary. For the reversible first-order reaction of Examples 1 and 2 we have

N Cre
AR K=" —ri=rm= Gy~ kaCr
Ae
Equilibrium: K = ¢18,000/ET ~24.7

Rate constants: k, = e'7-2-11,600/RT 1yyipy~1

k2 = e41.9 - 29,600/RT, min -1

From these values the Xa versus T chart for any specific C,o can be prepared, and
for this purpose the electronic computer is a great timesaver. Figure E2 is such a plot
prepared for Cao = 1 mol/liter and Cro = 0. Also see the dust jacket of this book.

Since we are dealing with first-order reactions this plot can be used for any Cauo
value by properly relabeling the rate curves. Thus for Co = 10 mol/liter simply multiply
all the rate values on this graph by a factor of 10.

EXAMPLE 3. Performance for the optimal temperature progression

Using the optimal temperature progression in a plug flow reactor for the reaction of
the previous examples
(2) Calculate the space time needed for 80%, conversion of a feed where Cyq = 1
mol/liter. .
(b) Plot the temperature and conversion profile along the length of the reactor.
Let the maximum allowable operating temperature be 95°C.
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SOLUTION

(@) Minimum space-time. On the conversion-temperature graph (Fig. E2) draw the
locus of maximum rates. Then remembering the temperature restriction draw the
optimum path for this system (line ABCDE in Fig. E3a) and integrate graphically
along this path to obtain

c fo.s dXA

Topt =

v “Jo (=7 A)optimum path 4cpE
From Fig. E3b the value of this integral is found to be .

7 = 1.62 min = 97 sec

(b) T and X, profiles through the reactor. Let us take 10%, increments through the
reactor by taking 10%, increments in area under the curve of Fig. E3b. This procedure
gives X, = 0.34 at the 107, point, X, = 0.485 at the 20, point, etc. The corresponding
temperatures are then 362°K at X, = 0.34 (point C), 354°K at X4 = 0.485 (point D)
etc. .

In addition we note that the temperature starts at 95°C, and at X, = 0.27 (point B)
it drops. Measuring areas in Fig. E3b we see that this happens after the fluid has passed
1% of the distance through the reactor. ‘

In this manner the temperature and conversion profiles are found. The result is
shown in Fig. E3c. )

EXAMPLE 4. Mixed reactor performance

A concentrated aqueous A-solution of the previous examples (Cao = 4 mol/liter,
Fypo = 1000 mol/min, C, = Cp,150) is to be 80%, converted in a mixed reactor.
(@) What size of reactor is needed ?
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(b) What is the heat duty if feed enters at 25°C and product is to be withdrawn at
this temperature?

(¢) Compare this reactor size with the minimum size when the optimum tempera-
ture progression is used.

SOLUTION
(a) Reactor volume. For Cuo = 4 mol/liter we may use the X, versus T chart of Fig.
E2 as long as we multiply all rate values on this chart by 4.

Following Fig. 10 the mixed flow operating point should be located where the locus
of optima intersects the 80%, conversion line (point 4 on Fig. E4a). Here the reaction
rate has the value

—ra = 0.4 mol A converted/min-liter

- From the performancé\’equation for mixed reactors, Eq. 5.11, the volume required is
given by

_ FaoXa (1000 mol/min)(0.80)
" (=ra) 0.4 mol/min-liter

Vv = 2000 liters

(b) Heat duty. The slope of the energy balance line is
Cp _ (1000 cal/4 mol A-°K) _

1
= _— O -1
“AH, - (18000 cal/mol &)~ 72 K

slope =




