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ABSTRACT
A nonadiabatic fixed-bed catalytic reactor with highly exothermic partial oxidation of n-but-
ane to maleic anhydride was analyzed for multivariable adaptive control studies. Nonlinear

partial differential equations describing axial and radial concentration and temperaturs grad-
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jents in the reactor were converted to a set of coupled algebraic and differential equations

using orthogonal collocation while a nonlinearity of the reaction term was kept. The resulting
equations are shown to adequately represent the steady-state and the dynamic behaviors.

Through the use of this two-dimensional reactor model, studies of the dynamic behavior show

that dynamics of concentration of maleic anhydride and hot spot temperature to changes in

reaction temperature and reaction time can be adequately represented by low-order, 2nd-crder

transfer functions. Although a specific set of reaction equations was used,

the approach is

general and could be used for any reaction scheme in packed-bed reactor.
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Fig. 1. An Infinite Annulus of Catalyst Bed
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Table 1. Reactor Parameters
Dimension | L =70cm, R =1.3¢cm, d, =0.32cm
Reaction To =680 —750°K, 7 =0.8 — 3.5 sec
condition |feed ratio, n-CsHo/air = 0. 013
Kinetic k1 = 1.320 X 10%(cm3/sec-gcat) exp
data _ cal .
( 11’72°)<-—gm01-°x )/R’l)
k2 =1.612 X 10%exp (—9, 840/RT)
k3 = 4.05 X 10*exp (—18, 070/RT)
Heat of dhy = —311.6 (Kcal/gmol)
reaction dhs = —140.1
Adhy = —451.7
Other Bi =10 — 13*, C,; = 0.267(cal/g-°K).
properties | Der = 0.7 — 2. 8%(cm?/sec), ke = 3.7
X 107 — 5.5 X 10-¢*
(cal/cm-g-°K),
e =0.47, pp=1.30(g/cm?),
0y = 4.2 X 107%(g/cm?)
* Bi'Y, ke'®, D.'® are functions of reaction
conditions.
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Nomenclature

A * collocation matrix defined by(10)
Ai;ti, jth element of collocation matrix
A, defined by (11)

: collocation matrix, defined by (11)

to b

1 : reduced vector obtaired from the first

column of B, defined by (14)

: reduced matrix obtained from E’, de-

fined by (14)

C : averge specific heat defined by Cysps +
Crepee (cal/Kecm?®)

.C; : concentration of ith component (gmol/

@n

cm?)
C;s : specific heat of gas (cal/K-g)
C,s : specific heat of catalyst (cal/K-gcat)
Cr : reference value for gas concentration
(gmol/cm?)
d : coefficient vector, defined by (9)
D., : effective radial diffusivity in the bed
(cm?/sec)
d, : equivalent diameter of catalyst pellet
(cm)
dh; : heat of reaction for ith reaction path
(cal/gmol)
IhiR:T : vector composed of 4hiRiT at
each collocation point in z-direction
AhiRio,T : reduced vector obtaind from
AniR:! after striking out the frist
element
k.. : effective thermal conductivity in the
bed (cal/cm-K-sec)
k: : reaction rate constant (gmol/sec-gcat)
L : bed length (cm)

L

A Z

of

15719 A-SAl o] AT AT 15

@ : collocation matrix whose elemets are
Qi;’s, defined by (9)

Q:; . i, jth element of collocation matrix Q=),

defined by (11)

r : normalized radial direction

R : inner radius of reactor tube (cm)

R;: : reaction rate for the production of ith
component (gmol/gcat«sec)

R @ value of R; at r =0

R :value of Riat r =1

R;T : reaction rate for ith reaction path

Rio" i value of R:T at r =0

¢t : time (sec)

T : bed temperature (K)

T'r : reference value for bed temperature(K)

u . superficial gas velocity at reaction
condition (cm/sec)

X: : normalized concentration of ith comp-
C;

Cr

X; at the entrance of reactor bed

onent defined by X:
Xir:
X' : profile of X; at initial time
Xio: Xiat r=90
Xio :

vector whose elements are Xio's at

each collocation point in z-direction

Xior : reduced vector obtained from Xio
after striking out the first element.
Xo: Xiatr=1
o : vector whose elements are Xu's at
each collocation point in z-direction
Xa, : reduced vector obtained from X
after striking out the first element.
Y : normalized bad temperature defined by

T —Tx
Tr
Y:: feed temperature at the entrance of
reactor bed
Y7 : profile of Y at initial time
Yo:Yatr=90
¥, : vector whose elements are Yo's at each

collocation point in z-direction

¥, : reduced vector obtained from Y, aftor
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striking out the first element. 3.

z : normalized axial distance
z: : collocation point in z-direction
a(z) : reactor parameter defined by Cpepe/

o 5.

B : reactor pamameter defined by 4%.-Bi/R? 6.
C(Bi + 2)

vector whose elements are 8 7

b

7 : reactor parameter defined by psCr/Tr

0(z) : reactor parameter defined by 8D../R? 8
¢ : bed porosity

or : bulk density of bed

o« . gas density 9.

ps : catalyst density
&(#) : react parameter defined by ps ¢
7 : reaction time defined by L/
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