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Example 2-7 An Adiabatic Liguid-Phase Isomerization

The isomerization of butane

n-CH,y == 1-CHy

22

Wés carried out adiabaticallyﬁin the liquid phase and the data in Table E2-7.1 were ——

TABLE E2-7.1 RAwW DATA

obtained. (Example 8.4 shows how the data in Table E2-7.1 were generated.)

X

0.0

0.2

0.4

0.6

0.65 e

—r s (kmol/m? - h).

39

53 -

59 -

38

25. _

Don’t worry how we got this data or why
see how to construct this table in Ch

Figure E2-7.1 Reactors in series.

~ Calculate the volume of each of the. reactors for an en
- n-butane of 50 kmol/hr.

. Solution

Taking the reciprocal of —r, and mulﬁplying by Fao we obtain Table E2-7.2. "

-E.g. an=(5: Fao _ _ 50 kmol/h

N

39 kmol/h-m’

7 the (1/=r,) looks the way it does, we will
 Chapter 8: It is real data for a real reaction carried
-out adiabatically, and the reactor scheme shown in Figure E2-7.1 is used. ~ M‘

=1.28m’

TABLE E2-7.2 PROCESSED DATA

tering molar flow rate of

0.4

0.6

[Fao/-r4l (%)

132

X. 00 ~ 02 0.65 —
~ra (kmol/m? - h) 39 - 53 59 38 25
1.28 094  0.85

2.0




~ (a) For the first CSTR,

when X = 0.2, then ~4% = 0.94 m’
—

Vl——FAO (O94m)(02)—-0188m

A

71 =0.188 m’ = 188 dm’

(b) For the PFR,

0.6 F,..0
V2=J’ (:—ég)dX
02 . \TFp

(E2-7.i)

(E2-7.2)

Using Simpson’s three-point formula w1th AX = (O 6 - 0. 2)/2 O 2, and X; = 0.2,

: X2—04 andX3—06

0. A : '
o Sl a2
02 —Fa 3 L=raly—02  ~Talx=0a4

-3-[0 94+ 4(0. 85) +1. 32]m

O

V, =038 m’ =380 dm’

In — Out + Generation = 0
Fpap—Fpaz+ 1ra3Vs =0

Rearranging -

Fpa = Fao— FpoX,
Fas=Fpo — FpoX3

v, = (Fao = FpoXp) = (Fag— FaoXs)

Simplifying

7= (222 Yot -,

=
(B2-73)

(B2-7.4)
] ;(c) For the last reactor and the second CSTR mole balance on A for the CSTR:

(E2-7.5)

(E2-7.6)

E2-7.7)



We find from Table E2-7.2 that at X; = 0.65, then —

V,=2m® (0.65—0.6) = 0.1 m’

7, =0.1 m’ =100 dm’

A Levenspiel plot of (Fyg/~ra) vs. X is shown in Figure E2-7.2.

(E2-7.8)

)

03 04 05 08
Conversion, X

] PFR
* Volume
“" (380dm?3)-

5 Second

CSTR.
Volume
(100 dm3)

- Figure E2-7.2 Levensplel plot for adiabatlc reactors in senes. |

254 Companng the CSTR and PFR Reactor Volumes and Reactor —

Sequencmg

~

If we look at Flgure E2-7.2, the area under the curve (PFR volume) between

- X=0and X =0.2, we see that the PFR area is greater than the rectangular area

corresponding. to the CSTR volume, i.e., Vppr > Vesrr- However, if we com- — |
- pare the areas under the curve between X = 0.6 and X = 0. 65 we see that the .__ |




¢ area under the curve (PFR volume) is smaller than the rectangular area corre: —
)

N
S

.

sponding to the CSTR volume, i.e., Vestr > Ve This result often occurs
when the reaction is carried out adiabatically, which is discussed when we look
at heat effects in Chapter 8. ‘

In the sequencing of reactors one is often asked, “Which reactor should
go first to give the highest overall conversion? Should it be.a PER followed
by a CSTR, or two CSTRs, then a PFR, or ...?” The answer is “It depends.”
It depends not only on the shape of the Levenspiel plots. (Fyo/~r,) versus X,
but also on the relative reactor sizes. As an exercise, examine Figure E2-7.2 to
learn if there is a better way to arrange the two CSTRs and one PRE. Suppose
you were given a Levenspiel plot of (Fao/-ra) vs. X for three reactors
in series along with their reactor volumes Vestri = 3 m3, Vg, = 2 m3, and

Vprr = 1.2 m? and asked to find the highest possible conversion X. What would'
you do? The methods we used to calculate reactor volumes all apply, except

the procedure is reversed and a trial-and-error solution is needed to find the
exit overall conversion from each reactor. See Problem P2-55.

The previous examples show that if we know the molar flow rate to the -
| ) reactor and the reaction rate as a function of conversion, then we can calculate

the reactor volume necessary to achieve a specified conversion. The reaction
rate does not depend on conversion alone, however. It is also affected by the
initial concentrations of the reactants, the temperature, and the pressure. Con-
sequently, the experimental data obtained in the laboratory and presented in
Table 2-1 as —r, as-a function of X are useful only in the design of full-scale
reactors that are to be operated at the identical conditions as the laboratory
experiments (temperature, pressure, initial reactant concentrations). However,

such circumstances are seldom encountered and we must revert to the methods

we describe in' Chapter 3 to obtain —7, as a function of X.

It is important to understand that if the rate of reaction is available
or can be obtained_solely as a function of conversion, -ty = f(X), or if it
can be generated by some intermediate calculations, one can design a
variety of reactors or a combination of reactors. '

Ordinarily, laboratory data are used to formulate a rate law, and then the
reaction rate—conversion functional dependence is determined using the rate
law. The preceding sections show that with the reaction rate—conversion rela-

tionship, different reactor schemes can readily be sized. In Chapter 3, we show

how we obtain this relationship between reaction rate and conversion from rate
law and reaction stoichiometry. ’
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28 Some Further Definitions
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S'oacz time , T

T = \/ — reactor volume : Ldm’J = [m..d
Us Volumetric +eed rale [dm/m]
= fl‘ma "nomessm&{ To Process one reactor volume.
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GHSV,  gas hourly SV measured at STP.
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