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Abstract
Low temperature Fischer-Tropsch Synthesis with catalyst experiences mass transfer limitation in most cases especially in industrial applications as the catalyst is coated with liquid phase products (can be a mixture of hydrocarbons and water in different proportions). Reactants need to transfer through the liquid layer to reach the active sites on the surface of the catalyst to commence the reaction. This affect is often bypassed when a catalyst is synthesised and test in the lab as powder is more often used instead of pelletized catalyst. 
Due to nonideality, water formed by reaction is not entirely in gas phase and the proportion of water in liquid phase depends on the operating conditions and the composition of liquid phase hydrocarbons. Our experimental work with a CSTR loaded with cobalt catalyst for FT research suggested that a considerable proportion of water is in liquid phase and temperature has a big effect in the proportion. The effect of water (both water produced or water co-feeding) to the performance of the FT reaction is not always consistent in the open literature and very few explanation is widely accepted [1]. Water intends to increase the solubility of CO while liquid phase hydrocarbons intend to increase the solubility of H2. This will alter the actual ratio of H2 to CO next to the active sites of the catalyst, and the actual ratio of the reactants close to the active sites depends on the composition of the liquid mixture. 
This work will discuss the different roles of water (including product water and co-fed water) and liquid hydrocarbons to the reaction rate and product selectivity based on the experimental data generated in our lab and reported in the literature. It is found that the deposit of liquid phase hydrocarbons will slow down the reaction rate and increase the selectivity to the paraffins especially CH4. A flushing experiment [2] has confirmed that the ratio of H2/CO in the liquid phase product is far different from the ratio in the gas, which might be the reason that the selectivity to the paraffins increases. In the contract, a higher proportion of H2O dissolved in the liquid phase hydrocarbons will increase the selectivity to olefins and suppress the formation of paraffins. 
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