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Option Explicit 
Public Sub Ethylbenzene_Kinetics() 

Dim N_EB(), P_EB(), Conversion_EB() As Double 
Dim N_S(), P_S(), delta_N_S() As Double 
Dim N_H2(), P_H2() As Double 
Dim N_H2O(), P_H2O() As Double 

Dim Temp(), N_Total(), Keq(), r_S(), Q() As Double 

Dim delta_z, Pi, radius, CSA As Double 
Dim rho_catalyst, delta_H_reaction, P_Total As Double 
Dim Cp, MW_EB, MW_S, MW_H2, MW_H2O, F_Total, FCp As Double 

Dim Number_zSteps, i As Integer 

'Set known reactor conditions and constants 
    radius = 2.3 '  PFR tube radius 
    Pi = 3.14159 
    CSA = Pi * (radius) ^ 2 ' cross-sectional area ft^2 

    rho_catalyst = 90   ' lbs/ft^3 

    P_Total = 1.2   ' Reactor Pressure assumed constant 
    delta_H_reaction = 60000.0#  ' Heat of Reaction (Btu/lb-mole) 
    Cp = 0.52 ' Btu/(lb-R) 

    MW_EB = 106.17 
    MW_S = 104.15 
    MW_H2 = 2.016 
    MW_H2O = 18.015 

' Here we set the step size down the reactor and the number of steps (=length) 
    delta_z = 0.1       ' step size z direction [=] ft 
    Number_zSteps = 90 

ReDim N_EB(Number_zSteps + 2), P_EB(Number_zSteps + 2), Conversion_EB(Number_zSteps 
+ 2) 

ReDim N_S(Number_zSteps + 2), P_S(Number_zSteps + 2), delta_N_S(Number_zSteps + 2) 
ReDim N_H2(Number_zSteps + 2), P_H2(Number_zSteps + 2) 
ReDim N_H2O(Number_zSteps + 2), P_H2O(Number_zSteps + 2) 

ReDim Temp(Number_zSteps + 2), N_Total(Number_zSteps + 2), Keq(Number_zSteps + 2), _ 
                        r_S(Number_zSteps + 2), Q(Number_zSteps + 2) 

' Establish PFR tube radius initial conditions: moles/s, temperature into PFR, z = 0 
    Temp(0) = 1616  ' Temperature z = 0 
    N_EB(0) = 18.4615 / 3600 ' Moles Ethylbenzene/hr, z = 0 
    N_S(0) = 0.1212 / 3600 
    N_H2(0) = 0.0 / 3600 
    N_H2O(0) = 353.0745 / 3600 
    N_Total(0) = N_EB(0) + N_S(0) + N_H2(0) + N_H2O(0) 

'Calculate the flow rate heat capacity, FCp, of the reacting fluid - assumed 
constant 
    F_Total = (N_EB(0) * MW_EB + N_S(0) * MW_S _ 
             + N_H2(0) * MW_H2 + N_H2O(0) * MW_H2O) ' Total Flow lbs/s 
    FCp = F_Total * Cp ' Btu/lb-s 

' We next set up the numerical integration to find the moles EB reacted 
' here using a first-order Eulerian difference 

For i = 0 To Number_zSteps 

' Monitor key values on the Excel sheet 

        Sheet1.Cells(6 + i, 4) = delta_z * (i) 
        Conversion_EB(i) = ((N_EB(0) - N_EB(i)) / N_EB(0)) * 100 
        Sheet1.Cells(6 + i, 5) = Conversion_EB(i) 
        Sheet1.Cells(6 + i, 6) = Temp(i)  ' R 
        Sheet1.Cells(6 + i, 7) = Temp(i) / 1.8 - 273.15 ' C 

Sheet1.Cells(6 + i, 8) = Temp(i) - 459.67  ' F
        Sheet1.Cells(6 + i, 9) = N_EB(i) 
        Sheet1.Cells(6 + i, 10) = N_S(i) 
        Sheet1.Cells(6 + i, 11) = N_H2(i) 
        Sheet1.Cells(6 + i, 12) = N_H2O(i)  

'Calculate species partial pressures 

        P_EB(i) = (N_EB(i) / N_Total(i)) * P_Total 
        P_S(i) = (N_S(i) / N_Total(i)) * P_Total 
        P_H2(i) = (N_H2(i) / N_Total(i)) * P_Total 
        P_H2O(i) = (N_H2O(i) / N_Total(i)) * P_Total 

FIGURE 5.20a



' Calculate Keq 

        Keq(i) = Exp(15.596 - 26734.68 / Temp(i)) 

'  Calcualte the reaction rate lb-moles Styrene/(ft^3-sec) 

        r_S(i) = rho_catalyst * 3.5 * Exp(-19800 / Temp(i)) * (P_EB(i) - (P_S(i) * 
P_H2(i) / Keq(i))) 

        delta_N_S(i) = r_S(i) * CSA * delta_z 

        Q(i) = delta_N_S(i) * (-delta_H_reaction) 

' Calculate conditions at z + delta_z 
        Temp(i + 1) = Temp(i) + Q(i) / (FCp) 
        N_EB(i + 1) = N_EB(i) - delta_N_S(i) 
        N_S(i + 1) = N_S(i) + delta_N_S(i) 
        N_H2(i + 1) = N_H2(i) + delta_N_S(i) 
        N_H2O(i + 1) = N_H2O(i) 
        N_Total(i + 1) = N_EB(i + 1) + N_S(i + 1) + N_H2(i + 1) + N_H2O(i + 1) 

Next i 

End Sub 
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