Gas-phase dehydration of acetic acid and ammonia to acetonitrile over zeolite H-ZSM-5
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Introduction
The projected depletion of easily available oil deposits and the increase in greenhouse gases emissions stemming from combustion of fossil resources lead to the search for alternative and renewable sources of carbon for fuels and chemicals.

Nitriles are produced industrially starting from hydrocarbons (alkenes) by two routes, namely ammoxidation and hydrocyanation. However, in a future biorefinery context the production of nitriles from biomass-derived compounds would be highly desirable. In our work we have studied the gas-phase acid-catalysed dehydration of acetic acid, a possible derivative of biomass, and ammonia into acetonitrile according to Figure 1.
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Figure 1: Dehydration of acetic acid and ammonia via acetamide into acetonitrile
Experiments and results

The stepwise amination-dehydration to nitrile was monitored by GC-MS analysis of samples from the condensed liquid-phase and the gas-phase at steady-state at 1 bar total pressure, 10 ml He gas-flow and various temperatures. Initially we tested the amination-dehydration of a 50 wt% aqueous solution of ammonium acetate over a H-ZSM-5 catalyst bed (Figure 2). The conversion goes from 20% to 100% between 300 and 400°C, and the nitrile yield rises to 77% at 400°C at WHSV = 11.0 h-1.

To optimise the formation of acetonitrile we tried using a molar ratio of 2.4 to 1 between NH3 to CH3COOH to shift the reaction towards the nitrile (Figure 3) at WHSV = 10.7 h-1. However, the resulting yield of acetonitrile was a bit lower at all temperatures tested compared to pure ammonium acetate reactant, while yield of acetamide did not change monotonically with temperature. The reasons for this could be several, but interference from partial hydrolysis of products due to a more basic environment in the reactor and the product condenser is probable.
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Figure 2: Dehydration of 50 wt% ammonium acetate in H2O (AcOH:NH3:H2O = 1:1:4.3) over commercial H-ZSM-5 (Si:Al ratio 40).
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Figure 3: Dehydration of 45 wt% ammonium acetate in NH3 and H2O (AcOH:NH3 = 1:2.4:4.0) over commercial H-ZSM-5 (Si:Al ratio 40).
In conclusion acetonitrile can be formed through the gas-phase dehydration of acetic acid and ammonia via acetamide intermediate.
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