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Lecture No. 7
B STEADY-STATE MIXED FLOW REACTOR:

=0
input = output + disappearance by reaction + accug?‘l{ﬂtinn (10)

As shown in Fig. 5.3, if F,, = v,C,, is the molar feed rate of component A to
the reactor, then considering the reactor as a whole we have

input of A, moles/time = F, (1 — X,,) = F,,
output of A, moles/time = F, = Fy(1 — X4)

disappearance of A
by reaction,
moles/time

Introducing these three terms into Eq. 10, we obtain

— (V= ( moles A reacting ) (vﬂlumn: of)
A (time)(volume of fluid)/\ reactor

FanXa = (—r)V

which on rearrangement becomes

V o1 _AX, X,
FAU_ 'c.a.u_ —Fa - —ra
or any £, (11)
_1_ vV VO CapXa
s vy Fy —Fs
Cap
XAUZU
UD
Fag I
i Cpp=Cy
Xap=Xa
™
(=rplp=(=ra)
Fa,

Linifarm
throughout

Figure 5.3 Notation for a mixed reactor.

For the special case of constant-density systems X, = 1 — C,/C,,. in which
case the performance equation for mixed reactors can also be written in terms

of concentrations or

i _ XA _ Cﬁ'd:l - CA
F - Caol—
or Al 'r.ﬁ .ﬂ{*{ r."\.) By = D (13)
_E_CMXA_CM_CA
T [ _rﬁ _irﬁ
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Figure 5.4 1s a graphical representation of these mixed flow performance
equations. For any specific kinetic form the equations can be written out directly.

| Constant-density systems anly

V T
Areg = — = — Vi,
Fan  Cao 14 Ar&a=r=F—m
- Al
from Eq. 11 T from Eq. 13

i_j X o Tit :

Figure 5.4 Graphical representation of the design equations for mixed flow reactor.

As an example, for constant density systems C,/C,, = 1 — X, thus the perfor-
mance expression for first-order reaction becomes

Xa Can — Ca
kT 1-X, C. or £, (14a)

On the other hand, for linear expansion

- C.'A_ 1-X,
V= Vu(]. + Eﬁ.Xﬁ.} and CM'_] i E‘AX.A

thus for first-order reaction the performance expression of Eq. 11 becomes

_ Xﬁ(‘l + EHXA]

kr [~ X, for any &, (14b)

For second-order reaction, A — products, —r, = kC%, g4 = 0, the performance
equation of Eq. 11 becomes

_CAU_CA _"'].+ V].+4kTCAﬂ
kr= —a or Cy,= er (15)
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REACTION RATE IN A MIXED FLOW REACTOR

One liter per minute of liquid containing A and B (C,, = 0.10 mol/liter, Cy, =
0.01 mol/liter) low into a mixed reactor of volume V = 1 liter. The materials
react in a complex manner for which the stoichiometry is unknown. The outlet
stream from the reactor contains A, B, and C (C,; = 0.02 mol/liter, Cy; = 0.03
mol/liter, C; = 0.04 mol/liter), as shown in Fig. ES.1. Find the rate of reaction
of A, B, and C for the conditions within the reactor.

v =uvy= 1 litmin
Cpap = 0.1 malilit
Cpgg = 0.01 mol/it

Cﬁ = C.ﬁ_,l‘= 0,02 mol/lit
Ca = 0.03 molflit
Cp = 0.04 malflit

. Figure E5.1

SOLUTION

For a liquid in a mixed flow reactor £, = 0 and Eq. 13 applies to each of the
reacting components, giving for the rate of disappearance:

_CAU—CA_CA.].—CA_D.IU—D,UE_ . .
—r, = . = Vv N = (.08 mol/liter - min

Cry — Ca _ 0.01 = 0.03
T 1
Ceo— Ce 0 —10.04

—re = = = —0.04 mol/liter - min
- T 1 [ el e ——

= —(.02 mol/liter - min

Thus A is disappearing while B and C are being formed.
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KINETICS FROM A MIXED FLOW REACTOR

Pure gaseous reactant A (C,, = 100 millimol/liter) is fed at a steady rate into a
mixed flow reactor (V' = (1.1 liter) where it dimerizes (2A — R). For ditferent
gas feed rates the following data are obtained:

Run number 1 2 3 4
vy, liter/hr 10.0 3.0 1.2 0.5
Cap» millimol/liter 85.7 66.7 50 33.4

Find a rate equation for this reaction.
SOLUTION

For this stoichiometry, 2A — R, the expansion factor is

‘ and the corresponding relation between concentration and conversion is

CA_ l_xﬁ _:I._xk’_g,l
‘ Co 1+e X, - 1

1 - EXﬁ
or

]. - CAJFCM _ 1 - C&ICAD

=17 £nCAlCay 1 Col2C,

The conversion for each run is then calculated and tabulated in column 4 of
Tahble E5.2.

Table E5.2
Calculated
_Gn’i (—r,) = UpCaoXa
Run vy Ca Xy A v log C, log (—ry)
1 10.0 85.7 0.25 (10 g}){ﬂ.’?ﬁ] = 2500 1.933 3.398
2 3.0 66.7 .50 1500 1.824 3.176
3 1.2 50 0.667 800 1.699 2.903
4 0.5 333 0.80 400 1.522 2.602

From the performance equation, Eq. 11, the rate of reaction for each run is
given by
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(=) = U C anX s [miﬂimu]}
A Vo liter - hr

log(—ry) =logk + nlog C,

For nth-order kinetics this data should give a straight line on a log (—r,) vs. log
C, plot. From columns 6 and 7 of Table E5.2 and as shown in Fig. E5.2, the

4
3.398 - 2.602
Slope = F==2- —S2ec
o= 19331522 \
_ =193=2
_:l:
— 3 Fit the lowest point —
o 400 = £ (33.3)
S k=036
¥
/
/
| .ff
2
0 1 2
log Cy,
Figure ES5.2

four data points are reasonably represented by a straight line of slope 2, so the
rate equation for this dimerization is

liter millimol
—ry=[036—2E ) 3, :
a ( ’ hr~mllhmol) CA |:htcr-hr]

Comment. 1f we ignore the density change in our analysis (or put g, =0
and use C,/C,, =1 — X ,) we end up with an incorrect rate equation (reaction
order n = 1.6) which when used in design would give wrong performance predic-

tions.
N

MIXED FLOW REACTOR PERFORMANCE

The elementary liquid-phase reaction

A+2B—/R

Ll

with rate equation

—r, = —%ra = (12.5 liter?/mol- min)C, C} — (1.5 min )Cy, [ﬁ]
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is to take place in a 6-liter steady-state mixed flow reactor. Two feed streams,
one containing 2.8 mol A/liter and the other containing 1.6 mol B/liter, are to
be introduced at equal volumetric flow rates into the reactor, and 75% conversion

of limiting component is desired (see Fig. E5.3). What should be the flow rate
of each stream? Assume a constant density throughout.

Cip= 2.8 mol Afliter

Cig= 1.6 mol Biliter
p=tg=1

| 75% conversion of B _

V=6 liter
Figure E5.3
SOLUTION

The concentration of components in the mixed feed stream is

Cap = L4 mol/liter Cg, = 0.8 mol/liter Cgp=10

These numbers show that B is the limiting component, so for 75% conversion
of B and & = (), the composition in the reactor and in the exit stream is

C, =14—-0.6/2 =1.1mol/liter
Cp = 0.8 0.6 =02mol/liter or 75% conversion
Cp, = 0.3 mol/liter

Writing the rate and solving the problem in terms of B we have at the conditions
within the reactor

—rp = 2(=ry) = (2 X 125)C,C} — (2 X 1.5)Cy

. 2 2
= (25 L’.)(u ‘?‘—':’])(n.z E'—) ~ (3 min) (n.a "‘—”')
mol® - min liter liter liter
mol mol
=(11-09 liter- min {}.2]““ -min

For no density change, the performance equation of Eq. 13 gives
_V_Cum— Gy

[ &) _rB

T

Hence the volumenitric flow rate into and out of the reactor is

b= Vi(—rg)
Cpy- Gy
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_ (6 liter)(0.2 mol/liter - min) _
(0.8 — 0.6) mol/liter

e

6 liter/min

or

3 liter/min of each of the two feed streams




