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Effective, economical pretreatments enhance bioconversion of recalcitrant lignocellulose to fermentable sugars, making biofuels such as ethanol more economically viable. Various lignocellulose pretreatments, each with some advantages and shortcomings, have been developed.  A unique process referred to as Ammonia Freeze Explosion  (AFEX) is one pretreatment alternative. In the AFEX process, the combined chemical and physical effects of cellulose decrystallization, limited hemicellulose hydrolysis, deacetylation of acetyl linkages, reduced lignin content and increased surface area, enable nearly complete enzymatic conversion of lignocellulose to fermentable sugars. 

We have developed a small scale (bench-top) AFEX unit to study and optimize important process variables. The unit consists of an ammonia tank, a reactor, heater, temperature and pressure monitoring devices and connecting elements. A measured quantity of biomass with a specific moisture content is placed in the reactor. The desired amount of liquid ammonia is delivered to the reactor. The ammonia-biomass mixture is gradually heated to a desired temperature/pressure, held for a given time, and the pressure rapidly released (“exploded”).  The flexible experimental system allows us to rapidly test various temperatures, moisture contents and ammonia loadings to optimize their effects on the overall fermentable sugar yields. 

