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r’ INTRODUCTION

The mass balance for the ith tank (i=1,2,3) S—>P

F, Sq 1st order rxn
E E E
S, £ S, F, S, P

Tanks in series reactor with immobilized enzyme
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For the first tank

ds,
V,— " =F(S,-3S,)+r.V,
Dividing by V,
dSl (So B Sl)

— = +7
S1
dt T,
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For the second and third tanks

dSz =(S1_S2)—I—r
S2
=1 V==V, =V,
ds. (S,-S.)
d; — 22_3 : 7, T=T7=7,=1,

The rate of substrate consumption

v ES.

max 1 1

S +K,+S7 /K,

Vs =
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Enz;_/me The rate of enzyme deactivation
(active)
dE.
dt
dE.
- = _kDEi
dt

Product mass (kg)
t

P=[F(S,~S,)dt

0



Enzyme concentration
Flow rate
Deactivation constant
Inhibition constant
Michaelis—Menten constant
Total amount of product
Reaction rate of deactivation
Reaction rate of substrate
Substrate concentration
time
Time—on—stream difference

Maximum specific reaction rate

r’ NOMENCLATURE

Kg/m3
m3/h
1/h
Kmol/m3
Kmol/m3
Kmol
Kg/(m?3 h)
Kmol/(m?3 h)
Mol/L
h
h
Kmol/kg h



_Matlab Program

Window

File Edit 'l.l'l.l'll'lljtlw Help

D)) _IJ_IJJ ] ]

?global F U UM EB® E1 E2 KM EHZ8 KI KD TLAG 58 3UBA
="1;
F=8.1;
EMZ0=0_085;
TLAG=10800;
SUBB=140;
UM=42 _08; % Umax
KM=61.59; % Demensionless Michaelis constant
KI=6.85; % Demensionless Inhibition constant
KD=08.0801;
s0=1;

f=[0.67,08.2,0.5,0,0,0,0]; % =2 ak
to=0;
tf=3000;

[t.u]=o0dedS( DEACTENZ' ,t0:3:tF,yn);
E1=y{:,1);E2=y(:,2);E3=y{:,3);51=y(:,4);52=y(:,5);83=y(:,6);P=y(:,7);
subplot{311),plot{t,E1, v " ,t,E2,'Db" £, E2,'M"};
title('Exponential decrease of the biocatalyst activity');
xlabel{ 'Time');ylabel( 'Enzyme concentration'};
axis([0 36860 @ B.8]);
subplot(312),plot{t,s1,'r",t,82,"b",t,83,"'m");
=®label('Time'});ylabel('Substrate concentration'};
title('Dynamic changes in the substrate concentration');
axis([® 36868 8 1]);
subplot{3123) ,plot{t,P,"k"'};
®label('Time');ylabel('Amount of product');
title( 'Product');
axis([0 36800 @ 200]);
gtext{ 'Wleftarrow E1');gtext{ "Wleftarrow E2') ;qtext( 'Wleftarrow E3"});
gtext{ 'Wleftarrow 51"} ;gtext{ "Wleftarrow 52');qtext( 'Wleftarrow 53°});
gtext{ 'Wleftarrow P'});




r’ MODELING

File Edit View Debug Window Help

Diwd| t=[s 82 &

B B[ElEE s

function dyct=DEACTEMZ (t,u)
% El=yl, Ed=yd, E3=v3 S1=yd, S5Z=yh, 5a0=yb P=y7
global F Y Wk KM Kl KD ENZD TLAG
EMZ0=0, 0% ED=0,001; TLAG=1000;
pl=pll Ly2=y(2hya=y(3hyd=y (4L yE=y (Bl yE=y () 7=y (7).
dydt=[-kKD=y1.
ol i BEVIES
ol i BESVIG
Fei1-p ) - Y=y 1 = pdTpd+ KA+ de 7K
F+{yd-uB) - Vhd = p 2oy By B+ Kb+ y B u B
F+{yB-yEB)/ - Vhd =y 3=y BTy B+ Kk + y B= Bk
F+i1-yB1].
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Substrate concentration
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r’I\/IETHODS(SimuIation cases)

K,=0.001<_
K=6.85<_

ENZ0=0.05 <

Basic case P 1
1 o
0.000001 =E
685 sl
0.00685 2o
5 26
0.0005 27
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r’ CONCLUSIONS

— Exponential decrease of the biocatalyst activity
- K, (Deactivation constant) | : productivity 1

— K, (Inhibition constant) | : productivity |



