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The idea of using solar energy as high temperature process heat to make fuel has been around for more
than three decades.’™ This idea has gained increased attention over the last few years as interest has
shifted to two-step partial redox cycles,”** based on oxygen storage material (OSM) such as ceria, which
have been demonstrated for repeatable performance of hundreds of cycles™. Two-step partial redox
cycles undergo the reduction reaction and oxidation reaction to make a fuel, such as hydrogen from
water. Current reactor designs for these cycles have efficiencies on the order of 1%, but improvements
in processing of ceria porous medium, which increase mass loading and volumetric absorption of
concentrated solar radiation, have led to efficiency improvements of up to 4%.% The efficiency is
constrained by the power density mismatch of fuel output and solar energy input. To overcome this
issue of a power density mismatch between the photo-thermal conversion and the thermal-chemical
conversion, one can attempt to decouple the two processes.’

In this study, we propose a decoupled design using novel reactor system with two separate devices (i.e.

a solar-thermal conversion device and a separately thermal-chemical reactor) connected through a

liquid metal heat transfer fluid (LMHTF). The LMHTF first absorb concentrated sunlight at high
temperatures through a solar receiver, and then it is pumped to a thermochemical reactor which uses
the LMHTF to deliver the heat to the OSM and produce fuel. This approach, however, hinges on the
usage of a high temperature heat transfer fluid that is chemically stable at sufficiently high temperatures.
Molten salts™** 1e17

, glasses™ and metals'®"” are among the only classes of fluids that are liquid at

temperatures of 1,000 °C or above. Among these choices, liquid metals have a number of advantages

1817 Therefore, we have

that could prove useful for the application of thermochemical reactors.
designed a new type of solar fuels reactor that uses liquid metal as a heat transfer fluid and to overcome
not only the issues associated with the power density mismatch, but can also facilitate highly efficient
solid phase heat exchange, which has been cited as another major source of inefficiency in the
literature.>”*® To recuperate the solid phase heat, we utilize an array of sealed reactor chambers which
are operated at different temperatures. This reactor array allows the LMHTF to circulate and to
recuperate the heat between chambers. Another benefit comes from this array of reactor chambers is
that we can operate the reduction reaction step and oxidation reaction step simultaneously in different
chambers. Since each chamber is sealed separately, the pressure of the reactor chambers and the flow
rate of the purge gas can be controlled independently in order to obtain an optimal combination of

pumping work and purging gas to achieve the maximum efficiency. The reactor system is modeled in



gPROMS and the results suggests that our new reactor design can exhibit thermal-to-chemical

efficiencies well beyond 20% that is needed for economic viability.
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