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Abstract of Thesis:

In this thesis, industrial primary reformer reactor (PSR) in the State Company of Fertilizers South

Region (S.C.F.S.R.) has been modeled, simulated and optimized.
Firstly, the thermodynamic equilibrium model was used to evaluate the actual performance of primary
steam reformer. However, the Equilibrium analysis describes the theoretical limits of performance
where there are no limitations of mass and heat transfer. The equilibrium analysis showed that the exit
conditions are relatively close to thermodynamic equilibrium. With regard to methane, the exit
conversion was below the equilibrium conversion by about 7%, while the exit CO, conversion was
below its equilibrium conversion by about 8%.

A complete model that describes the performance of primary steam reformer in the industrial
ammonia plant has been developed, which consists of the design equations of both fixed-bed reactor
and furnace. The kinetic model has been used to investigate the effect of operating parameters
(temperature, pressure and molar steam to methane ratio (SCR)) on the reformer performance.

Thereafter, an adaptation of the nondominated sorting genetic algorithm (NSGA) has employed to
perform a multiobjective optimization. For fixed feed rate of natural gas, the simultaneous
maximization of hydrogen yield and minimization of heat duty are chosen as the two objective
functions. Sets of Pareto-optimal operating conditions have been obtained. The results are expected to
enable to improve the reformer performance to minimize processing cost (heat load) and to maximize
the profit (H, yield). A neural network model has been developed and optimized to predict the actual
performance of primary steam reformer. Data collected from time log sheet of the plant has been used
as input data of model. A relationship between the inlet conditions of primary reformer plant and the
reformer performance criteria is obtained where, the maximum error is 0.000306 and regression factor
is 0.99958.Finally, a program is designed to monitor the activity of industrial catalyst, the collected
data of the plant has been used again. The conditions of reformer exit (pressure, temperature and
syngas composition) have been used as input data of program while the output is the approach to
equilibrium temperature as a function to life time.







