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Figure 51 The three types of ideal reactors (@) baich resctor, or BR; (B) plug flow
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=1} =1
i.;l.p{l'l = ngl»ﬁ'n + disappearance + accumulation

rate of loss of reactant A rate of accumulation
+ within reactor due to = - of reactant A
chemical reaction within the reactor |
Evaluating the terms of Eq. 1, we find

disappearance of A ¢
by reaction, = [=r, V= {
moles) time

moles A reacting | )
(1 ' 1 f fluid
{time)(volume nfﬂuim_} (volume of fluid)

accumulation of A, _ dN, _ d[Nyll = X)) _ N aX,

moles! time i o ALy

] ) O yg0 A dlwgl 49iST, 0 Slae dloles
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Area = t/C,,,
Area = t/N,,, from Eq. 4
from Eq. 3

Xa

Corsbanl-derdily aysbams anly |

Ares = 0Cyp,
fromi .f-q. 4 Ared = ¢
I L W Eq. 4

Can

Figwre 5.2 Graphical represcotation of the performance equations for batch reactoss,
isothermal o nonisothermal.
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=}
input = output + disappearance by reaclion + accu Lni{llu.[inn L]

As shown im Fig, 5.3, if Fy, = 1,0, 15 the molar feed rafe of component A to
the reactor, then considering the reactor as a whole we have
input of A, moles/time = F (1 = A0 = F.,
output of A, moles/time = F, = F, (1 — X,)

dizsappearance of A ‘
by reaction, =i{-ry V= (
moles/time

o 1!

males A reacting (-.'u-lume: t:t'}
(time){volume nusfﬂui-;]}u)1 reactor |

Introducing (hese three terms into Eq. 10, we obtain

Fanda = (=r )V

which on rearrangement becomes

Lo
Nyp=HU
I.':. I
Fap

VX i Cpy=
X e, Xy o= Xy
Gt L0

il P I=rgle=1—rg)
Unidarm 7 tg
EhincaszFeul

Pg,uru 53 Moltahon lor & mixed reactor,

w‘f) g.:)a.»ad.ao;bg.w bg.‘é&o)s.;b &)&L&C AJoleo

\ _ AXA _XAf_XAO
FA0 (_rA)f (_rA)F
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Cro =Cs0 =0
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2.8 mol A/liter

1.6 mol B/liter

759 conversion
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KINETICS FROM A MIXED FLOW REACTOR

Pure gasepus reactant A (C,, = 100 millimol/liter) is fed at a steady rate into a
mixed Aow reactor (V' = 0.1 liter) where it dimerizes (24 — B). For different
gas feed rates the following data are obtained:

Eun number [ 3 P
. liter/hr 10,0 10 1.2
Cp, millimnol liter 5.7 66,7 a0

Find a rate eguation for this reaction,

SOLUTION

For this stoichiometry, 24 — R, the expansion factor is

and the corresponding relation between concentration and conversion 1s

C, 1-X, 1-X,
Can 1+e X, ]—].Jc'l..

-
-

_ 1= CulCra _ 1= CalCa
AT T+, CaiCay 1 - Col2Cay

The ¢onversion for cach run is then calculated and tabulated in column 4 of
T'able E5.2,

Table E5.2

Calculated

(—r,)= E‘-‘E-!".""gi
s X, A v log £, log (—r,)
00Y(0.25
00 85T 035 10 '” 1“ 3) _ 2500 1.933 3.308
30 66T 050 1500 1824 1176
1.2 S0 0667 800 1,699 2,903
05 333 (80 400 1.522 2602

From the performance equation. Eg. 11, the rate of reaction for each run is
given by
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_ 1"|'|'|:-p‘..' -t'ﬁ rmillirmnl
="y liter -

These values are tabulated in column § of Tahle E52

Having paired values of r, and C, (see Table E52) we are ready to test
various kinetic expressions. Instead of separately testing for first-order (plot r,
vi. ), second-order (plot r, vs. ©3%), efe., let us test directly for mth-order
kinetics. For this take loganthms of —r, = kCY, giving

logi=r,) = log & + 5 log O,

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

. 3.398- 2,602
Shape = 1833 - 162z \
=183m2

ar Fri the kowest paind
A0 = k(33 37
Lh =036

2

o

Figure E5.2

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

—r, = 036 et )'|r3“ [E’“ﬂ“{l]

hr - millimol

liter - hr

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

Lions. -
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Distance through reactor

=1
input = output + disappearance by reaction + u-;::;u;}:nﬂ;[ic-n

Referring to Fig. 5.5, we see for volume o1V that

input of A, molestime = F,
output of A molesftime = F, + dF,

disappearance of A by
reaction, moles/time = (—r, Jd¥

_ { males A reacting) )[:vujume. I'.!-f)

{time J volume of fluid) clement

Introducing these three terms in Eq. 10, we obtain
Fa = (Fa + dF) + (—r,)dV
MNoting that
dF, = d[Full — X)) = —FapdX,
We obtain on replacement

Fapaly = [—rg )dV

Pl iy Oygo gl dg) ST 0 Slas dlolee
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L_4 P ‘..‘_c.._—a-w
"-A(. | %

- Fao *

f from Eq. 19

Aroa s 7

»—C curve
= far the
reaclion

Giereral case | Gonstant-gensity syslamms only |
e ———

W 1
A e — = =,
Farx  Can CagV
from Eq. 17 i Area s = ——,
#0
from Eq. 19

=L SUTYE

e for the

rRaciion

A oy Ciet

Figure 5.6 Graphical representation of the performance equations for plug flow reactors,
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Zero-order homogeneous reaction, any constant

kzp, =Cp Xa

P09l g0 oliiul o Lailgy 3l Jol ax e 1Sl sy

First-order irreversible reaction, A + products, any constant,

£=0 k7, =In(1-X,) (20-3)

e#0 krp =—(1+¢g,)InL—X,) —£,X,
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===
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En 1

oo,z asl A+B o OVgame Ojgo 4 pdil ClilS o peo ax 0 iiSTy 6l

Xa

=0 :C,kr
A0 1-x,

p:

Second-order irreversible reaction, A + B =products with equimolar feed
or 2A =products, any constant E,,

X
£#0 :CAokrp=25A(1+5A)In(1—xA)+gf\xA+(5A+1)21 A (23-3)
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EXAMPLE 54 PLUG FLOW REACTOR PERFORMANCE

A homogeneous gas reaction A —= 3R has a reported rate at 215°C
—r, = 103007, [ml Titer - sec)

Find the space-time needed for 80% conversion of a 50% A-530%% inert feed io
a plug flow reactor operating al 215°C and 5 atm {C,, = 00625 molfliter).

Algl — ZRIgl

: - 1
Bl A - 50% | i Xy =K
215°C
& atm =

7
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0.8 1 X 1/2
Area = j Al dX =(1.70)(0.8) =1.36
o\ 1= X,

Table E5.4
1+ X,
1 _X.-\
1

5

1.

2
LK

Crraphical Integration.  First evaluate the function (o be integrated at selected
vialues (see Table E5.4) and plot this function {sce Fig. E5.48),

.:'_'-._.— Averags height = 1.7

S|~ Arem | 08 = 138

Figure ES.db

Counting squares or estimating by eve we find

1+ X,
!.I_XA

3 L2
J dX, = (L70){0.8) = 1.36

Area = J[::“
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