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Consider a square-cross section microchannel vessel with characteristic dimensions 
W (width), 2B (height of approximately !100 "m), and length L; where, W>>2B and 
L>>>2B. In addition consider that a catalytic chemical reaction of known kinetics 
takes place at the upper and bottom walls/plates of the microreactor vessel. 
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Pd Catalyst on Fe Substrate Pd Catalyst on Fe SubstratePd Catalyst on Fe Substrate
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Hydrogen Radicals-Reactions:  
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Chemical Reactions 
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Experimental Apparatus-schematic Experimental Apparatus-schematic
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Experimental Apparatus Experimental Apparatus
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Experimental Data Experimental Data
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The rate of the catalytic reaction can be expressed by: 

2

3

2

1    

    :   ( ) ( )
 

A
dN moles Areactedr k C

S dt m cat surface s

m reactor mwhere k is defined as k
m catalyst surface s s

! "## ##$ = $ = % &$ '( )

## ## = =
'

Based on catalyst  
Surface area 

Reaction Rate Expression Reaction Rate Expression
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The flow is laminar, i.e. vz(y) = vm [1- (y/B)2]. The axial diffusion (in ‘z’ 
direction) may substantially influence the axial transport of the reactant, 
and therefore (unlike in most macro-reactor applications), has to be 
added to the axial convection term in the convection/diffusion equation. 
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The reactor is divided into three regions: 
  

 Entrance region  -#< z $ 0,  
 Reaction region  0 < z < L,  
 Exit region   L $ z < +# 

In the entrance and the exit regions only convection and diffusion take 
place.   
 
However, in the reaction region convection and diffusion mass transfer is 
supplemented with chemical reaction, which takes place at the walls of 
the reactor. 

Scaling of Independent Variables Scaling of Independent Variables

It is convenient to scale axial and lateral dimensions with the characteristic 
length B of the microreactor, i.e.: 
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Parallel Plate Microreactor-Scaled Dimensions 
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Entrance Region 1: 
Define dimensionless concentration in the Entrance Region as: 
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Reaction Region 2: 
Define dimensionless concentration in the Reaction Region as: 
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Exit Region 3: 
Define dimensionless concentration in the Exit Region as: 
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Scaled Concentrations 
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Scaled Concentrations 
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Form of the Analytical Solution 
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In all equations coefficients An, Bn, Cn, !n, "n, and #n are determined from  
boundary conditions; for details see reference (1) at the end of the lecture. 
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Flow Rate   Half-Width   Temp. k”x107 
  [ml/min]     B [!m]    [oC]   [m/s] 
    0.10     100      20     3.15 
    0.15        100      20     3.07 
    0.63     100      20     3.23 
    0.10     100      20     3.31 
    0.10        50      20     3.26 
    0.10     100      40     7.86   

 

Evaluated reaction rate constant, k” values 
for variety of experimental conditions for variety of experimental conditions 
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