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Abstract:

Simulation of the pressure-temperature oscillation (PTSA) process was performed during six
consecutive phases of cyclic operation to remove mercaptans from natural gas in a
commercial two-bed commercial six-bed adsorption system. Its feed is a mixture of methane
with water vapor, carbon dioxide, heavy hydrocarbons (C3 +) and mercaptan impurities. This
process works in cyclic mode to continuously reduce the mercaptan content from 134 to less
than 10 ppmv, which is the standard level in environmental regulations. The substrate
consists of two layers of activated alumina, which specifically removes water vapor and 13X
zeolite, respectively, to remove mercaptan from natural gas. Cycle stages such as adsorption
at high pressure, pressure reduction, heating in two stages by purification of hot pure natural
gas, column cooling and increasing pressure by feed supply were simulated sequentially.
Dynamic model equations are made up of quadratic equilibria; Mercaptans model molecule,
heavy hydrocarbon model molecule, carbon dioxide and water vapor in natural gas, total
mass equilibrium, pressure drop equation and two energy balances consisting of solid and gas
phases in the adiabatic column. It was observed that the cyclic absorption process approaches
the steady state after seven cycles of program execution. The predicted molar fractions of this
process were compared with the actual results and a good consistency was observed between
the real data and the simulated results. Effective process parameters were investigated
through parametric analysis of process efficiency. The pressure in the adsorption stage, the
ratio of the refining process to the feed in the regeneration stage and the temperature of the
heating stages 1 and 2 were the most important parameters affecting the efficiency of natural
gas purification. In order to save energy, suggestions were made to improve the design
conditions without significantly affecting the performance of the treatment.

Keywords: Simulation, Natural gas refining, Mercaptan removal, Cyclic adsorption process
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