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Motivation:
Propylene oxide (PO) is a valuable intermediate chemical with a global market of more than 9.2 million tonnes in 2014, expected to steadily increase in the future.1  PO is used to make many everyday products such as defoamers, anti-freeze, and lubricants in the form of polyglycols, polyurethanes and polyglycol ethers. Conventionally, PO is manufactured by the epichlorohydrin process or by peroxidation; both processes rely heavily on the availability of petroleum derived propylene. The chlorohydrin process involves the formation (and therefore requires the disposal) of stoichiometric amounts of sodium or calcium chlorides. The hydroperoxide route produces undesirable by-products that are difficult to separate, such as methyl formate. In the interest of reducing our reliance on fossil sources and shifting to more environmentally friendly processes, alternate routes to make propylene oxide are being investigated. 
Biodiesel production by transesterification of triglycerides produces glycerol as a side product, providing the opportunity to build reaction networks with glycerol as a building block. Instead of the traditional pathway to propylene glycol from propylene derived propylene oxide, the pathway to propylene oxide from bio-glycerol derived propylene glycol becomes an attractive option. Producing propylene glycol from the dehydroxylation of glycerol has been extensively studied and is now a commercial process.2-5 
Studies focusing on producing propylene oxide from propylene glycol in literature are broadly of two categories. One route being explored is the direct dehydration of propylene glycol to propylene oxide.6-8 The other is indirect; propylene glycol is converted to its esters, and the vicinal hydroxyl esters formed are then converted to propylene oxide.9-12 The optimized yield reported in multiple studies from both these routes using a variety of catalysts and processes is at ~32%. Of these, the highest reported conversions were for Cesium on silica at 52%.7 The reaction of PG and its acetates to PO occurs at high temperature (>300˚C) in the gas phase and proceeds with the formation of various side products. Most prior studies screen a number of catalysts, but good process design requires a thorough understanding of the effect of macro process parameters as well as fundamental catalyst properties.  In the current work, a few candidate catalysts were chosen and a detailed investigation of the effect of reaction temperature (340oC to 420oC), feed material (PG vs. PG acetates), contact time, and the loading of catalytic salt on the support was conducted.
Methods:
Catalyst preparation: The procedure followed for preparation of catalysts is as described in a previous work.7 Base salt is impregnated on silica and dried at 100°C for 2 hrs. Catalyst is then calcined for 6 hrs at 550°C and stored in a desiccator.  
Feed preparation: Dried PGDA and PG were mixed in different molar ratios with 2% by weight Amberlyst 15 catalyst (dried in a vacuum oven at 100°C for well over 2 days), in a batch reactor set up at 70°C and allowed to equilibrate. Feed was stored with drierite granules to ensure minimal concentration of water, leaving little chance for hydrolysis of PGA esters. 
Fixed bed reactor: 
The reactor is a stainless steel tube of 0.5 in outer diameter and 43 cc volume. A thermoprobe is fitted axially along the length of the reactor facilitates temperature readings at different lengths during the course of the reaction. Either borosilicate beads (2mm ) or silicon carbide were used as packing material, and loaded below and above the catalyst bed. Liquid feed is introduced at the top of the reactor through a narrow tube just above the pre-heating zone.  Liquid flow rate is maintained by an HPLC pump (Varian). Nitrogen gas flows concentrically around the feed tube. Nitrogen gas flow rate is maintained by a mass flow controller. The bottom of the reactor is connected to a two chamber condenser system fitted with a three way valve to direct product mixture to either chamber. The collection vessels are fitted with dip tubes and valves to collect samples during reaction. The vessels are maintained at ~-79°C in dry ice-acetone baths.  
Analysis:
Samples collected were diluted 10× in a solution of acetonitrile and decanol as the internal standard. All products were quantified by a Varian 450 GC fitted with a thermal conductivity detector. Carbon recoveries were between 98-102 mole %, PG backbone and acetic acid balances were within 94-98 and 90-95 mole% respectively. 
Results:
Preliminary experiments showed that PGA feed under purely thermal conditions undergoes little further esterification when catalyst in the reactor was replaced by inert packing material. When justsupport silica gel with no base added was placed in the reactor, only a little propanal was observed, as would be expected, due to the low concentration of acidic silanol groups on the surface. Initially, attempts were made to match the reported highest conversion of PG with cesium nitrate on silica gel7, but reaction temperatures higher than 380˚C resulted in plugging of the reactor. At 360˚C, the highest yield of PO was 5%. This is roughly the same as the result obtained from a molten KOAC catalyst at the same temperature.13 In order to go to higher reaction temperatures, potassium hydroxide catalyst was studied. 
Although PG feed conversion increased with temperature, the maximum selectivity to PO of 80% was found at ~400˚C, after which the elimination reactions to propanal, acetone and allyl alcohol were more dominant. With increasing contact time, conversion of PG feed increased, but selectivity of PO decreased, indicating that secondary conversion of PO to its isomers is important. The selectivity of PO was found to be at first directly proportional to the loading of basic salt catalyst on the support, but plateaued when the surface of catalyst became saturated. Current efforts focus on understanding the chemical nature of the catalyst on the surface during the reaction. Thermogravimetric analysis shows that potassium acetate catalyst after calcination becomes potassium carbonate. A comparison of KOH and KOAc gave similar results of selectivity and conversion under identrical reaction conditions, indicating that either the anion salt is not a factor for catalyst activity, or that a common acetate intermediate is involved in the formation of actual catalyst species under reaction conditions. In the presence of acetate species in the feed, KOH might be converted to KOAc and then might decompose to potassium carbonate. To confirm this, post reaction FTIR of catalysts are being analysed to evaluate the nature of KOH on silica gel catalysts under reaction conditions. 
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