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ABSTRACT:- In the present study, a general mathematical model for a fixed bed–

immobilized enzymereactor was developedto simulate the process of diffusion and reaction 

inside the biocatalyst particle. The modeling and simulation of starch hydrolysis using 

immobilized α–amylase was used as a model for this study. Corn starch hydrolysis was 

carried out at constant pH of 5.5 and temperature of 50°C. The substrate flowrate was ranging 

from 0.2 – 5.0 ml/min, substrate initial concentrations 1 to 100 g/L. α–amylase was 

immobilized on to calcium alginate hydro-gel beads of 2mm average diameter.In this work 

Michaelis–Menten kinetics has been considered. The effect of substrate flow rate (i.e. 

residence time) and initial concentration on intra-particle diffusion has been taking into 

consideration. The performance of the system is found to be affected by the substrate flow 

rate and initial concentrations. The reaction is controlled by the reaction rate. The model 

equation was a non-linear second order differential equation simulated based on the 

experimental data for steady state condition. The simulation was achieved numerically using 

FINITE ELEMENTS in MATLABSoftware package. The simulated results give satisfactory 

results for substrate and product concentration profile within the biocatalyst bead.  

Keywords: -Enzyme, immobilization, biocatalysis, internal mass transfer, simulation, 

bioreactor 

 

1. INTRODUCTION 

Enzyme immobilization onto supports (or carriers) and their applications as catalysts 

has been grown considerably during the last three decades, and during the last few years 

becomes the most exciting aspects of biotechnology (Pedroet al., 2010; Djaffar, et al., 2009; 
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Dhanya, et al., 2009). Several methods of enzyme immobilization are exists and can be 

classified into three main categories, carrier binding, cross linking, and entrapment (Pedroet 

al., 2010). A number of advantages to enzyme immobilization on to support and several 

major reasons as, the ability to stop the reaction rapidly by removing the enzyme from the 

reaction solution (or vice versa), products are free of  enzyme (especially useful in the food 

and pharmaceutical industries), reduces effluent disposal problems, suitable for continuous 

reactor operation, and multiple or respective use of a single batch of enzymes, especially if 

the enzymes are scarce or expensive, their applicability to continuous processes and the 

minimization of pH and substrate-inhibition effects.This has anobvious economic impact and 

allows the utilization of reactors with high enzyme loads (Illanes, 2011). 

Enzyme entrapment within a gel matrix is one of the Enzyme immobilizationways. In 

this way, the enzyme is surrounded by a semi-permeable membrane. Enzyme support of a 

specific structure permit for the contact between the substrate and the biocatalyst in an 

appropriate way (Pauline, 1995). 

The catalytic activity of immobilized enzyme is affected mainly by the limitations of 

internal and external mass transfer. External mass transfer limitations can be reduced by 

changing the reactor hydraulic conditions (for example, the level of agitation), while the 

internal mass transfer limitations are severe and much more difficult to solve (Illanes, 2011). 

Enzyme biochemical properties and reaction type and kinetics as well as support chemical 

and mechanical properties are all effect the internal mass transfer (Illanes, 2011). 

To overcome these limitations, small carrier particle size proposed to be used. Uses 

small particle size complicate the reactor operation due to the increasing the pressure drop 

(i.e. in case of packed bed reactor) or increasing catalyst washout (i.e. fluidized bed reactors). 

However the idea cannot be generalized for every enzyme. For example, in the case of 

enzymes that inhibited by substrate concentration, the operation can be improved by the 

reduction of the local substrate concentration.  

Many mathematical models have been developed by a large number of researchers 

supported by experimental data, for different types of reactors and mode of operation 

containing immobilized enzymes (Arturo et al., 2007; Jeisonet al., 2003; Mitra et al., 2002; 

Mitra et al., 2001). Simulation of these models can be contributed to improve the 

understanding of the immobilized systems as well as in the prediction of substrate 

consumption and product formation rates. 

Some of these models consider the mass transfer of substrate from the bulk to the 

active sites where the enzyme immobilized inside the carrier where the reaction takes place. 
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Fick's law is used to model the mass transfer inside the biocatalyst particle (Loghambal et al., 

2011; Jeisonet al., 2003). Enzyme catalysis is non—linear which makes mathematical models 

more complex, even for the simple Michaelis- Menten kinetics model (Loghambal et al., 

2011; Pedro et al., 2010; Al-Muftahet al., 2005; Subhash et al., 2004). 

The present study aimed to simulate the process of diffusion and reaction inside the 

biocatalyst particle. A set of differential equations will obtained for spherical immobilized 

biocatalyst particle allowing the determination of the concentration profile of substrate and 

product within the biocatalyst in terms of particle geometry (radius) and the concentration of 

substrate in the bulk liquid phase.  

The hydrolysis reaction of corn starch catalyzed by immobilized  -amylase within 

hydrogel matrix was chosen and a mathematical model including the effects of diffusion rate 

and reaction rate parameters in a steady state conditions with scaling analysis were used in 

this study. 

 

2. KINETICS PARAMETERS 

Starch is a major component in many corps as, wheat, maize, tapioca, corn and potato 

(Djaffar, et al., 2009). Starch consists of a mixture of amylose (15-30%) and amylopectin 

(70-85%). Starch hydrolysed to low molecular weight of hydrocarbons by the action of either 

acids or enzymes (Huanxin et al., 2011).  

α-amylase enzyme hydrolysis the internal α-1,4 glycosidic links that exists in amylase 

and amylopectin to produce low molecular weight products (Huanxin et al., 2011; 

Varatharajan et al., 2011; Abhishek et al., 2010). Starch hydrolysis is influenced by several 

factors as, crystal structure, particle size, amylase and amylopectin content, and the presence 

of enzyme inhibitors (Varatharajan et al., 2011; Djaffar, et al., 2009). The kinetics of starch 

hydrolysis follows the Michaelis-Menten model as confirmed by results of many authors 

(Varatharajan et al., 2011; Djaffar, et al., 2009) and as explained by Eqn. (1).  

 

where  

E; is the enzyme concentration, 

S; is the substrate concentration, 

k1 ; is the rate constant for the forward reaction between enzyme and substrate,  

k-1 ; is the rate constant, for the backward reaction, and 

E S ES E P + + … (1) 
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k2; denote the rate constant for the ES complex dissociation. 

The rate of reactant consumption or product formation can be expressed as (Kumar ET 

AL., 2006; Konsoula ET AL., 2006; Alejandro, 2003): 
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For plug flow reactor, Eqn. (2) can be rewritten as follows (Alejandro, 2003, Lee, 2001; 

Arica et al., 1995): 
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Rearranging Eqn. (5) and integration for the boundary conditions [S]=[So] at t=0 and 

[S]=[St] at time t,  

...(6)   ][
][

][

0

max  

tS

S

S

S

m dtVSd
S

Sd
K

oo

 

yields the integrated form of the Michaelis-Menten model: 
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For fixed bed reactor, the reaction time or the residence time of reactant spends in the 

reactor, which is equal to QVt / . 

Where RV , is the reactor volume and Q  is the substrate volumetric flow rate. Reactor 

voidage can be expressed as 
Rb VV / (where bV denoted the volume of the immobilized 

enzyme beads), then the residence time can be expressed as 
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Rearranging Eqn. (7) yields: 
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Eqn. (8) can be further be arranged in term of conversion as: 
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3. MATHEMATICAL MODEL  

In the present study, the enzyme was immobilized on alginate beads; the intra-particle 

mass transfer resistance can be affecting the rate of enzyme reaction. In order to drive an 

equation that shows how the mass-transfer affects the effectiveness of an immobilized 

enzyme. The following assumptions were made in developing and solving the mathematical 

model: 

1. The reaction takes place at constant temperature. 

2. Enzyme concentration is constant and uniformly distributed within the beads. 

3. Enzyme activity is uniform within the beads. 

4. The pressure drop across the reactor, and other mechanical effects are negligible. 

5. All physical and transport properties are constant except rate constant. 

6. Steady state conditions. 

7. The substrate concentration is constant within the bulk liquid. 

8. Enzyme kinetics is well described by Michaelis-Menten model. 

9. External mass transfer limitations are negligible.  

10. The immobilized enzyme bead is spherical axisymmetric geometry. 

11. Constant diffusivities of substrate and products within the beads. 

12. Mass transfer through the immobilized enzyme occurs via molecular diffusion. 

In this model cylindrical coordinates were used to locate the domain where diffusion and 

enzyme activity take place. Based on the above assumptions, the following unsteady state 

diffusion-reaction partial differential equations of mass balances for the product and substrate 

concentrations within the immobilized enzyme bead (and as shown in Fig. 1) can be written 

as (the details derivation of these equations are illustrated by Lee, 2001): 



SIMULATION OF ENZYME CATALYSIS IN CALCIUM ALGINATE BEADS 

 

Diyala Journal of Engineering Sciences, Vol. 06, No. 03, September 2013 

45 

...(10)   GenerationOutputInputonAccumulati   

...(11)   )(
1 max

2

2

SK

SV

z

S

r

S
r

r

S

r
D

t

S

m
s


































 

...(12)   )(
1 max

2

2

SK

SV

z

P

r

P
r

r

P

r
D

t

P

m
P



































 

where 

S and P denoted to the substrate and product concentration, 

z and r; are the cylindrical coordinates, and  

DsandDp; denoted the effective diffusivity of substrate and product. 

The z-axis is the axis of symmetry of the enzyme bead that measures the distance 

from the planar bead. The variable r measure the radial distance from the z-axis.  

The initial and boundary conditions to be assumed for the present problem are as 

follows: 
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In order to simplify the solution of Eqns. (11) and (12), the following dimensionless 

parameters were introduced here as (Lee, 2001): 
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Equations (11) and (12) can be rewritten in the normalized form with the dimensionless 

parameters as: 
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The dimensionless parameter   known as Thiele modulus is very important which 

relates the reaction rate with diffusion rate. In order to simplify the calculations by relating 
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the product concentration to substrate concentration Eqn. (13) and (14) can be reduced to one 

linear partial differential as follows: 

Let ps CCW  , then; 

For a steady state conditions, the change in substrate concentration, 


 sC
 and 



 pC
 are 

equal to zero, then Eqn. (13) will becomes: 
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To simulate the reaction inside the biocatalyst Eqn. (15) and ps CCW  , are used in 

the present study with the following initial boundary conditions: 
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4. EXPERIMENTAL WORK 

4.1 MATERIALS 

Sodium alginate salt, (type Spectrum Chemical Mfg Corp), Calcium chloride, 

(CaCl2·2H2O, of BDH type), Fungal amylase powder (MP Biomedicals) of 1 MU/g, Corn 

Starch (BDH), and HCl (BDH) were used in this study. All other chemical were of analytical 

grade reagents. 

 

4.2 BUFFER SOLUTION 

8 g of KH2PO4 (monobasic phosphate) and 0.2 g of K2HPO4 (dibasic phosphate) were 

dissolved in 0.5 liter of water to make a pH buffer solution in order to keep the pH value near 

to 5.5 during the enzymatic hydrolysis of the starch.  

 

4.3 IODINE SOLUTION 

100 ml of iodine solution (0.5% KI and 0.15% I2) was diluted with distilled water till 

the final volume reached 300 ml. It was used to make a complex compound by reaction with 

residual starch in the collected samples. The final complex compound has a deep blue color 

in order to measure the absorbency of this compound. 
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4.4 PREPARATION OF SUBSTRATE SOLUTION 

40 g of corn starch powder was mixed with 50 ml of water in a beaker. The slurry was 

added to 900 ml of warm water in a large beaker. During this period, the slurry was mixed 

well using a magnetic stirrer and then cooled to room temperature to get the final gelatinized 

starch solution. Additional volume of water was added in order to bring the total volume to 1 

liter. 

A few drops of iodine were added to the solution, the solution color changed to blue 

which indicates the presence of starch in the solution. 

An equal volume of the above buffer and starch solutions were mixed. The resulting 

solution contains 20g/l of starch in a buffered environment. 

 

4.5 ENZYME IMMOBILIZATION 

3 % (w/v.) solution of sodium alginate was prepared by dissolving 15g of it in 500 ml 

of water. During the preparation, sodium alginate powder was added slowly (to prevent 

clomping) to the beaker of water while stirring on a magnetic stirrer. After that, 0.01 g of α-

amylase enzyme powder was mixed with 150 ml of sodium alginate solution. The final 

mixture was dropped using a syringe into 500ml solution of 0.2M CaCl2. Finally, the beads 

were left for 2 hours in the calcium solution to get the final hardened form of 2mm average 

beads diameter. The final beads were removed from the calcium solution and washed five 

times with a distilled water to remove the excess calcium chloride. 

 

4.6 IMMOBILIZED ENZYME ASSAY 

20 ml of 3% starch solution and 2 g of calcium alginate beads was assayed by using 

Bernfeld method (1955) also this method is recommended by sigma-Aldrich Company. 

Details of this test are stated in this reference. One unit was defined as the amount of amylase 

that produced 1 mmole of reducing sugar under assay condition per gram of bead. 

 

4.7 FIXED BED REACTOR 

A 2cm×20cm glass column was used in the present study as a fixed bed reactor. The 

reactor surrounded with a jacket of water in order to keep the reaction in an isothermal 

conditions. Two layers cotton of 2 mm thick were placed at the two ends of the column in 

order to supports the beads and distribute the substrate solution uniformly. The substrate flow 

rate was adjusted using a dosing pump (B. Braun Melsungen AG, Model: 870602) and in a 

range of 0.2 – 5.0 ml/min. Samples of product effluents were collected at a specific time 



SIMULATION OF ENZYME CATALYSIS IN CALCIUM ALGINATE BEADS 

 

Diyala Journal of Engineering Sciences, Vol. 06, No. 03, September 2013 

48 

intervals when the conditions was in steady state. In this study the hydrolysis of corn starch 

was carried out at constant temperature of 50°C, and atmospheric pressure while pH was kept 

constant at 5.5. Fig. 2 shows the experimental fixed bed reactor setup.  

 

4.8 PACKED BED VOID FRACTION 

The void fraction (  ) was determined experimentally using liquid impregnation 

method which can be illustrated as follows: 

A 60 cm3 reactor volume was used in this work. First, the reactor was filled with the 

immobilized enzyme beads, and then distilled water was poured in it till it covers all the 

beads. After that the reactor was drained to measure the volume of water which is equal to the 

volume of the void. The void fraction can be calculated using the following equation: 

 volumeRe

 voideof 

actor

Volume


 

4.9 ENZYME BEADS  

Enzyme beads were place in the reactor between two layers of cotton. The beads have 

an average diameter of 2 mm and density of 1.2 g/cm3. The packed bed has an average void 

fraction of 0.42. 

 

4.10 STOPPING SOLUTION 

0.1N HCl solution was used as a stopping solution to stop the hydrolysis reaction of 

starch for the collected samples in order to analyzed the starch content.  

 

4.11 STARCH AND PRODUCTS ANALYSIS 

The collected samples at timed intervals were analysed using Cintra 5 Double Beam 

UV-Spectrophotometer for residual starch content. Samples absorbency was measured at 620 

nm.  

 

5. RESULTS and DISCUSSION 

5.1 STARCH HYDROLYSIS 

The effect of substrate (starch) flow rate (i.e. residence time) on substrate 

concentration is explained in Fig. 3. It can be observed that as the substrate flow rate 

increases (i.e. low residence time) substrate conversion decreases and at different values of 

substrate initial concentration, becauseof the residence time is inversely proportional to 

substrate flow rate. In Fig. 3, it can also be observed that the relation is linear at the first 
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quarter of the time domain, and then the rate of change decreases rapidly. This is due to the 

fact that at the beginning of the reaction there is not a lot of substrate present near to 

enzymes, and the rate increases as the substrate increases because this will give the enzymes 

more substrate to work on, the rate of change continue till at a certain point, the rate of 

change decreases, because most of the active sites of enzyme within the bead will be 

saturated with the substrate to act on. After this point, the substrate concentration becomes 

too much for the enzyme to work on and the rate of change does not increase further so the 

rate of reaction becomes nearly constant. 

 

5.2 KINETIC PARAMETERS 

Kinetic parameters, Michaelis-Menten constant maximum activity Vmax,k2 and Km 

were determined at different substrate flow rates (i.e. residence times) and initial 

concentrations using Eqns. (4) and (10). These values are estimated from the slop and 

intercept of the straight lines shown in Fig. 4. The values of Vmax, k2 and Km at different 

residence times were listed in Table 1. These values were drawn against residence time and 

the relation between them can be shown in Figs. 5 to 7. As the residence time increases (i.e. 

substrate flow rate decreases), Vmax value decreases and it is also increases with increasing 

initial substrate concentration. The k2, (which is named molecular activity, or turnover 

number of an enzyme is the number of substrate molecules converted to product by an 

enzyme molecule per unit time when the enzyme is fully saturated with substrate) value also 

decreases with increasing contact time and increases the initial substrate concentration 

because it is direct proportional to Vmax value according to Eqn. (4). These observations can 

be attributed to the reason that with increasing residence time an increasing in the amount of 

substrate supplied to the enzyme and this phenomenon is not expected to continue for long 

where saturation has to be reached at some sites in the bead. 

It can also be observed that Km value increases with increasing residence time and initial 

substrate concentration. Thus, the lower the value of Km, the higher the affinity of enzyme for 

substrate. The velocity of the enzyme-catalyzed reaction is limited by the rate of breakdown 

of the ES complex. Then with increasing Kmvaluemore products are formed. 

 

5.3 SIMULATION OF HYDROLYSIS REACTION WITHIN THE HYDROGEL 

BEAD 

The solution for Eqn. (15) was achieved using FINITE ELEMENTS in MATLAB V. 

2008A software package. 
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Figure 8 represent the algorithm for the computer simulation which is used to simulate 

substrate and product concentrations.  

The effective diffusivity of substrate was calculated at the proposed conditions of the 

present work and according to the following references (Grunwald et al., 1997, Coulson et 

al., 1999). The details of method and equations are illustrated in these references. This value 

is equal to 7.8 ×10-8 cm2/min.  

The simulated dimensionless substrate and product concentration profiles are shown in 

Figs. (9-15). The color-scale map was used to study the substrate and product concentration 

profiles within the bead. It was assumed that two phases are exists solid bead phase and bulk 

liquid phase. At low substrate residence time (i.e. high substrate flow rate), the substrate drop 

rapidly only near the interface between the bead phase and the bulk liquid phase, and in this 

case the substrate reacts in a fast manner and it will never diffuse into the internal part of the 

bead and this is can be shown very well in Fig. (9-a) on the other hand the product is formed 

near the interface and diffuse at a very slow rate (as shown in Fig. (9-b). As the residence 

time increases (as shown in Fig. 9-a Fig. 15-a) the reaction region increases and the substrate 

diffuse into the internal part of the bead. On the other hand the product formed in a very slow 

manner and diffuse in a slow rate so its concentration remains nearly low (as shown in Fig. 9-

b to Fig. 15-b). According to assumption IV listed above, the system is at steady state. Thus 

the composition and mass must be unchanged; substrate cannot accumulate in the shell.  

The relation between Thiele modulus ( ) and the residence time can be well 

implemented by Fig. (16). the  is a measure of whether the process is reaction rate controlled 

at low   or diffusion rate controlled at high . It can be observed that   increases with 

decreasing residence time. As   increases, this means that mass transfer is much slower than 

the reaction; it is possible that all substrate entering the particle will be consumed before 

reaching the center of the bead. In this case, the concentration drops rapidly within the solid 

as illustrated by Fig. (17). The active sites occupied by the immobilized enzyme near the 

center are starved of substrate and the core of the bead becomes inactive. At low   value the 

concentration of substrate within the bead is naturally higher or lower than in the liquid 

phase. It can be stated from Fig. (16), that starch hydrolysis at the proposed conditions is 

reaction rate controlled. At its reaction rate controllability decreases as the value of   

decreases. 

 

6. CONCLUSIONS 
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In the present study, the performance of starch hydrolysis using α–amylase 

immobilized enzyme in a fixed bed reactor at steady state conditions was presented.  The 

numerical solution of mass balances differential equations expressed in terms of a set 

dimensionless parameters with the assumed initial and boundary conditions, gave the 

following conclusions: 

 The system performance is strongly affected by the substrate flow rate and initial 

concentration. 

 The determined Thiele modulus ( ) values indicated that the reaction rate was controlled 

by reaction rate within the calcium alginate hydro-gel beads.   

 A decreased in   values determines an improvement of substrate conversion.  

 The simulation, which has been performed with experimental data, gave satisfactory 

results for the substrate and product concentration profiles. 

 The simulation results is a valuable tool for immobilized enzyme reactor design by 

providing a quantitative relation of enzyme performance with operational variables like 

substrate flow rate, initial concentration, conversion and particle size. 

 

7. NOMENCLATURE  

C Dimensionless concentration  - 

D Effective diffusivity cm2/min 

E Enzyme concentration g/l 

[E]o Initial enzyme concentration g/l 

ES  Enzyme-substrate complex  - 

k Rate constant s−1 

Km Michaelis constant g/l 

P  Product concentration g/l 

Q Substrate flowrate cm3/min 

r Radius of immobilized enzyme bead cm 

R  Radius of immobilized enzyme bead cm 

r  Dimensionless radius - 

S  Substrate concentration g/l 

t  time,  min 

v Rate of reactant decomposition  gl-1s-1 

V Rate of reaction in Eq. (2) gl-1s-1 



SIMULATION OF ENZYME CATALYSIS IN CALCIUM ALGINATE BEADS 

 

Diyala Journal of Engineering Sciences, Vol. 06, No. 03, September 2013 

52 

V  Volume  cm3 

W Dimensionless concentration  - 

X Conversion % 

z  Dimensionless height, - 

 

Subscript   

1 Forward reaction between enzyme and substrate  

-1 Backward reaction  

2 ES complex dissociation  

b Bead in Eqn. 
Rb VV /   

b Bulk solution   

max Maximum value  

o Initial value   

p Product   

R Reactor   

s Substrate  

t Concentration at time t  

 

Symbols 

  Thiele’s modulus, msmax KD/V
3

R
   

  Dimensionless time  

  Dimensionlessratio  

  Voidage  
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Table (1):Km, Vmax and k2 values of starch hydrolysis using immobilized amylase enzyme in 

fixed bed reactor at different values of initial substrate concentration and flow rate (pH=5.5, 

T=50°C). 

[S] g/l 

Km 

Residence time, min 

5 10 20 40 60 90 120 

1 0.340 0.428 0.510 0.658 0.790 0.926 1.010 

5 1.690 2.137 2.550 3.290 3.940 4.630 5.060 

10 3.380 4.270 5.100 6.580 7.870 9.260 10.13 

50 16.89 21.37 25.51 32.90 39.37 46.30 50.66 

100 33.78 42.74 51.00 65.79 78.74 92.60 101.3 

 Vmax 

1 0.013 0.009 0.008 0.007 0.006 0.005 0.002 

5 0.067 0.047 0.038 0.036 0.181 0.023 0.009 

10 0.134 0.094 0.077 0.072 0.362 0.046 0.017 

50 0.672 0.470 0.383 0.362 1.811 0.232 0.086 

100 1.344 0.940 0.765 0.724 3.622 0.463 0.172 

 k2 

1 0.747 0.522 0.425 0.402 0.350 0.257 0.096 

5 3.734 2.611 2.126 2.010 10.06 1.286 0.478 

10 7.467 5.223 4.252 4.020 20.12 2.572 0.957 

50 37.34 26.12 21.26 20.10 100.6 12.86 4.784 

100 74.68 52.23 42.52 40.20 201.2 25.72 9.569 

 

 

 

 

Figure(1):Shell balance for a substrate in an immobilized enzyme (James Lee, 2001). 
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Figure (2): Experimental fixed bed reactor setup. 

 

Figure (3): Effect of residence time on substrate concentration at different substrate 

initial concentration (pH=5.5, T=50°C). 

 



SIMULATION OF ENZYME CATALYSIS IN CALCIUM ALGINATE BEADS 

 

Diyala Journal of Engineering Sciences, Vol. 06, No. 03, September 2013 

57 

 
 

 

 

 

 

 
 

 

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

0 20 40 60 80 100 120 140

Residence Time (min)

V
m

a
x
, 
(g

l-1
s

-1
)

1 g/l

5 g/l

10 g/l

50 g/l

100 g/l

Figure (4): Linear plots of X/t vs. ln(1-X)/t for immobilized α-amylase 

enzyme in fixed bed reactor (pH=5.5, T=50°C). 

 

Figure (5): Effect of residence time on Vmax value at different initial 

substrate concentration (pH= 5.5, T=50°C). 
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Figure (6): Effect of residence time on k2 value at different initial substrate 

concentration (pH= 5.5, T=50°C). 

 

Figure (7): Effect of residence time on Km value at different initial substrate 

concentration (pH= 5.5, T=50°C). 
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Figure (8): Algorithm to simulate substrate and product concentration profile in a fixed bed 

reactor. 
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(a) Dimensionless substrate concentration 
 

(b) Dimensionless product concentration 

=47.6and t=5 min). substrate and product concentration profiles in 3D (at  Dimensionless :)9(Figure 

The completely dark red area represents the region in which substrate or product at its maximum value 

(i.e. equilibrium value). x-axis represent dimensionless radius and y-axis represent z-axis. 
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Figure (01): Dimensionless substrate and product concentration profiles in 3D (at  =35.4and 

t=10 min). The completely dark red area represents the region in which substrate or product 

at its maximum value (i.e. equilibrium value). x-axis represent dimensionless radius and y-

axis represent z-axis. 

 

 
 

 

Figure (00): Dimensionless substrate and product concentration profiles in 3D (at  =29.2 

and t=20 min). The completely dark red area represents the region in which substrate or 

product at its maximum value (i.e. equilibrium value). x-axis represent dimensionless radius 

and y-axis represent z-axis.  

 
 

 

Figure (01): Dimensionless substrate and product concentration profiles in 3D (at  =25and 

t=40 min). The completely dark red area represents the region in which substrate or product 

at its maximum value (i.e. equilibrium value). x-axis represent dimensionless radius and y-

axis represent z-axis. 

(a) Dimensionless substrate concentration 
 

(b) Dimensionless product concentration 

(a) Dimensionless substrate concentration 
 

(b) Dimensionless product concentration 

(a) Dimensionless substrate concentration 
 

(b) Dimensionless product concentration 
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Figure (01): Dimensionless substrate and product concentration profiles in 3D (at  =21and 

t=60 min). The completely dark red area represents the region in which substrate or product 

at its maximum value (i.e. equilibrium value). x-axis represent dimensionless radius and y-

axis represent z-axis. 

 

 
 

 

Figure (01): Dimensionless substrate and product concentration profiles in 3D (at  =16.8and 

t=90 min). The completely dark red area represents the region in which substrate or product 

at its maximum value (i.e. equilibrium value). x-axis represent dimensionless radius and y-

axis represent z-axis. 

 
 

Figure (01): Dimensionless substrate and product concentration profiles in 3D (at  =9.8and 

t=120 min). The completely dark red area represents the region in which substrate or product 

at its maximum value (i.e. equilibrium value). x-axis represent dimensionless radius and y-

axis represent z-axis. 
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Figure (06): Effect of residence time on Thiele modulus ( ) value (pH= 5.5, T=50°C). 

 

 

 
 

Figure ( 70 ): Dimensionless substrate concentration profile within the bead at study sate at 

different values of  in 2D. 
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 محاكاة تحفيز الانزيم في كريات من الجينات الكالسيوم
 

 اميل محمد رحمن
 مدرس
 الهندسة الخوارزمي/ جامعة بغدادقسم الهندسة الكيميائية الاحيائية/ كلية 

 

 الخلاصة
طور في هذه الدراسة موديل  ريايلي لمحاكلام يمليلة الل ايل  الكيميلاوت والانلخلار داخل  العامل  المسلايد الحيلوت 

اميليلز لايجلاد الموديل   -المحم  في م اي  ذو الحخوم الثابلة. لم اسلعما  ل ايل  اللحلل  الملائي للنخلس باسللعما  انلزيم ال لا
م. ˚55وبدرجلة حلرارم  5.5الريايي والمحاكام لهذه الدراسة. اجرت ل اي  اللحل  المائي للنخاء في دالة الرقم الهيلدروجيني 

غم/لللر.  155اللى  1ملن م /دقيقة، ولركيز المادم المل ايلة الابلدائي  5الى  5.0لراوح معد  جريان المادم المل ايلة من 
فلي هلذه الدراسلة، للم ايلملاد مللم.  0كريات من الجينات الكالسيوم الجيلالينية بمعد  قطلر اميليز يلى -لم لحمي  انزيم ال ا

. ان لاثير معلد  جريلان الملادم المل ايللة  زملن اسللبقاء الملادم المل ايللةي واللركيلز الابللدائي Michaelis–Mentenحركية 
يلبار، وقد وجد بان النظام يلسثر بهذه الملغيرات. ان يلى انلخار المواد داخ  جسيمة العام  المسايد، لم اخذهما بنظر الا

ان معادلة المودي  الريايي كانت معادلة غيلر خطيلة ملن المرلبلة الثانيلة الخطوم الحاكمة لهذا الل اي  هي سرية الل اي . 
محاكللام باسلللعما  واجريللت المحاكللات لهللا بالايلمللاد يلللى بيانللات اللجللارظ المخلبريللة وبظللرو  الحالللة المسلللقرم. لللم اجللراء ال

. ايطلللت نللللاا المحاكلللام نللللائ  مريلللية للراكيلللز الملللادم MATLABوباسللللعما  برنلللام   FINITE ELEMENTSطريقلللة 
 المل ايلة والنالجة خلا  جسيمة العام  المسايد الحيوت.

 


