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Highlights
· Single pellet trickle bed reactor presented
· Liquid film thickness limits hydrogen diffusion to the catalyst 
· Model relating mass transfer rate of hydrogen to liquid flow rate developed  
1. Introduction
Heterogeneous hydrogenations are an important class of catalytic reactions, used extensively within the fine chemical, agrichemical and pharmaceutical industries [1]. Though these reactions are often performed in batch due to better understanding of the limiting regimes, continuous hydrogenation has the potential to offer increased economic, safety and quality improvements [2]. Trickle bed reactors (TBR) are an attractive option for continuous manufacturing due to simple operation and lower back mixing enhancing selectivity. However, due to the complex relationship that exists between the kinetics and hydrodynamics, these reactors can be challenging to study at laboratory scale [3]. This article presents a method for scaling a TBR down to the scale of a single catalyst pellet to investigate the effects of liquid film thickness during the reduction of styrene. 
2. Methods
A single pellet TBR was developed by immobilizing a 1% Pd/C extrudate within a packed bed of glass beads (shown in Figure 1). A reactor column of similar diameter to the length of the extrudate was used to minimize liquid bypassing. Hydrogen gas and a styrene solution in methanol were passed co-currently through the bed and the styrene conversion was monitored via gas chromatography. Liquid flow rates were chosen based on the liquid holdup within the reactor and corresponded to Reynolds numbers between 1 and 5. The gas flow rate remained constant throughout this study. To examine the extent to which diffusion though the liquid film effects the overall mass transfer rate of hydrogen (MTRH2), hydrogenations were conducted with both hydrogen saturated and unsaturated methanol. To visually investigate the film thickness as liquid trickles over the catalyst, a small number of pellets were glued together to form a stack. Liquid was passed over the stack at various flow rates and filmed using an optical microscope to observe changes in the film thickness. 
3. Results and discussion
The film thickness and single pellet TBR results are shown in Figure 1. As confirmed by the pellet stack experiment, at increased liquid flow rates the methanol film on the surface of the catalyst becomes thicker. When unsaturated, hydrogen must diffuse through this film and the increase in thickness is thought to give rise to the apparent decease in MTRH2. With liquid presaturation the MTRH2 increases almost linearly with increasing liquid flow rate. As diffusion through the film is no longer limiting the reaction, increased turbulence is thought to enhance mass transfer and contribute to the observed increase in MTRH2.
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Figure 1.  Top left; the single pellet TBR used. Top right; recorded liquid film thickness on the pellet stack at various liquid flow rates. Bottom left; mass transfer rate of hydrogen against different liquid flow rates. Bottom right; correlation between the mass transfer rate of hydrogen and the reciprocal cubic root of liquid flow rate.
The effect of volumetric liquid flow rate on film thickness was modelled and subsequently a relationship between the MTRH2 and liquid flow rate was found. This model was shown to fit both the liquid film and single pellet TBR experimental data well.  

4. Conclusions
A single pellet trickle bed reactor has been used to investigate the liquid film thickness trickling over a catalyst pellet. Increasing the liquid flow rate results in a thicker film and thus exhibits a greater limiting effect due to the increased diffusion distance. A model was developed to describe the relationship between the overall mass transfer rate and the volumetric liquid flow rate. 
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