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The mathematical model of the industrial acetylene hydrogenation process is developed and 
formulated on SPEEDUP program which is a dynamic simulation program. The fixed bed acetylene 
hydrogenation reactor is modeled as the CSTRs connected in series. The data using in modeling, the actual 
data from the ethylene plant are reconciled first using material and energy ๖ฟance redundancy. The best 
number of CSTRs is found to be twenty which is given the best agreement in temperature profile and the 
output acetylene concentration of each bed. The six kinetic models with the different reaction m echanism  are 
derived and selected for the best one by comparing their predicted outputs with the actual data. The kinetic 
model w hich its reaction m echanism  are the reaction rate depends on the first order of Hj, แ 2 break to free 
atoms before react, the product are not adsorbed on the catalytic surface, and the catalytic activity depend  
on the accumulation of the inlet acetylene, gives the best agreement of the predicted result with the actual 
data.

The dynamic data reconciliation using the material and energy balance constrains of process is 
performed. The best time history horizon is found to be ten steps. It can reduce the standard deviation of the 
actual data and the simulated data to about 40-70% and 90% in series. The noised data and the reconciled 
data are then used to obtain the new  parameters of the model, i.e. the reconstruction of the model. The 
noised model gives 2.13% of temperature error and the reconciled model gives 0.16% of temperature error.

The obtained model of acetylene hydrogenation reactor is used to demonstrate the design, 
implementation, and performance of Dynamic Matrix controller by simulation. The Dynamic Matrix controller 
is tuned for best performance with the control horizon, บ=2, the prediction horizon, v=3. The integral error of 
Dynamic Matrix controller is only 3.33 % of the PID controller’ ร error. The ethylene loss is reduced-by 80-98% 
by using Dynamic Matrix controller over PID controller. The degree of the benefit of using the Dynamic 
Matrix Control is illustrated.
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NOMENCLATURE

Ctotal = the total concentration of sites, sites/weight
c v = the concentration of free sites
c*s = the A specie adsorbed sites
C'B.S = the A specie adsorbed sites

= acetylene concentration, mol/M3
Êth = ethylene concentration, mol/M3

CH2 = hydrogen concentration, mol/M3
CUA = methyl acetylene concentration, mol/M3
C» = propadiene concentration, mol/M3
cCO = carbonmonoxide concentration, mol/M3
CE = ethane concentration, mol/M3
c * = propylene concentration, mol/M3
Cue = methane concentration, mol/M3
Cbd = butadiene concentration, mol/M3
Cp = heat capacity of feed stream
C» = heat capacity of the reacting system including catalyst
D = fluid density
f = differential equation constraints
Ft = outlet volumetric flow rate of the feed at i th stage, M3/!^
g = inequality constraints including simple upper and lower 

bounds
h : ฟgebraic equality constraints
H โ- the history horizon time

- heat of acetylene hydrogenation
HrEth = heat of ethylene hydrogenation
n * w r heat of methyl acetylene hydrogenation
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ป ี

i
KA0

ร»
Kco
k
Mt
Nf

N v

Ne
NV
NI
NE
NS

NDYN
NSS
NT
NM
Pt

*A c

R Eth
Rma

Rpo
R(X>

K

= heat of propadiene hydrogenation 
= i th stage
= adsorption equilibrium constant of acetylene 
= adsorption equilibrium constant of ethylene 
= adsorption equilibrium constant of hydrogen 
= adsorption equilibrium constant of carbonmonoxide 
= reaction rate constant
= mass of reacting system at i th stage including catalyst 
= the degrees of freedom
= the total number of variables (unspecified inputs plus 

outputs)
= the number of independent equations 
= the number of variables in the type section 
= the number of input stream variables 
= the number of equations
= the number of set variables that should expect to set for a 

simulation.
= the number of the dynamic run 
= the number of the steady state run 
= the number of the time step of the actual input-output data 
= the number of the the output variables 
= the elements of the projection vector 
= heat loss at i* stage 
= rate of acetylene hydrogenation 
= rate of ethylene hydrogenation 
= rate of methyl acetylene hydrogenation 
= rate of propadiene hydrogenation 
= adsorption rate of carbonmonoxide 
= the current time
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At := time step size
\เ2 = the half-life time
T = temperature
บ = the control horizon
V = the prediction horizon
V = the variance-covariance matrix
Vr = volume of one CSTR stage, M3
พ = the weight fraction
Y =. discrete measurement
y = estimate function

Ly = lower limit of y
บy = upper limit of y

y j = the estimated value of estimation equation at time t.
Yj = the measured value at time tj
Z = the actual output data
Z = the predic output
e = the catalyst activity
* = objective function equation
a — measurement noise standard deviation
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