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Abstract— Accurate estimation of the kinetic parameters is essential for on-line optimization and control in bio-
catalytic reactor system. Fructose production from glucose using immobilized enzyme was chosen as a model system
and deactivation constant which is the most sensitive among the kinetic parameters was estimated from the measure-
ments of product concentration. The effects of sensitivity on the sequential parameter estimation were analyzed under
the operating conditions of both constant temperature and varying temperature. By considering the parameter sensi-
tivity on Kalman filtering, estimated values showed reduced fluctuations in the initial period of operations where the
sensitivity was low and better convergence to the true value as the sensitivity increased.
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Table 1. Temperature dependency of parame-

ters [3]
Parameter Temperature dependency
Vm ~48.8 exp(-4510/T)
Km -10.8 exp(- 1280/T)
Ke 4350 exp(-2725/T)
Kd 1.95 x 1012 exp( - 10960/T)

Table 2. Operating conditions

Operating Condition Value
Inlet substrate concen. (mol/l) 0.2
Reactor length (cm) 100
Void fraction of reactor 0.5
Superficial flow rate (cm/hour) 40
Enzyme loading (g) 5
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Estimation of deactivation constant under constant operating temperature.

{a) (At=1 hour, measurement error=10%, initial guess=+150%, diagonal element of P, = [10-3,
10-6}R,={10-5))

(b) (At=1 hour, measurement error = 1

R,=[10- 5]
(¢) (At=0.5 hour, measurement error = 10%, initial guess= +150%,
R, = [10-9))
(d) (At=0.5 hour, measurement error= 10%, initial guess=
R, = [10-7))
(e) (At=0.5 hour, measurement error=
R, = {10-9)

—: True value, +: Estimated value

sistost H2TH M4%E 1989 8

0%, initial guess = + 150%, diagonal element of P,=[10-3, 10-5],

diagonal element of P, =(10-3, 10-8],

+ 60%, diagonal element of P, ={10-3, 10-6],

5%, initial guess=+ 60%, diagonal element of P, =[10-3, 10-9],
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NOMENCLATURE

: enzyme activity [unit/mol)

. initial enzyme activity [unit/mol]

. deactivation constant [h]

: equilibrium constant

reduced Michaelis-Menten constant [mol//]

. length of packed-bed reactor

. reaction rate [mol/g of immobilized enzyme-
min)

: substrate concentration [mol//}

: reduced substrate concentration S=S-Se
[mol/f}

: initial substrate concentration {mol//}

: substrate concentration at equilibrium [mol//]

: operating time [h)

: temperature [K]

. superficial velocity [cm/min]

reduced maximum reaction rate [mol/g of

immobilized enzyme-min]

. fractional conversion

. axial coordinate or distance of packed-bed
reactor [cm]

Greek Letters

€
4

1.

: void fraction of reactor
: space time [h]
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