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PROCESS CONVERTSWASTE INTO NANOPOWDER FOR HYDROGEN GENERATION
FROM WATER

A criticad technology hurdle againg the development of fue cel technology is the economic and
safety concerns associated with the production, storage, transport, and supply of hydrogen. Researchers
worldwide are working on the achievement of ‘ hydrogen economy’ that would endble efficient, clean, and
cost-effective hydrogen production. To address this need, a research group at the University of Toledo,
Ohio has employed a well-known process--metd-seam reforming--as an economicdly viable and
environmentally friendly method to generate high-purity hydrogen.

Meta-steam reforming basicaly deds with a reaction between heated iron and steam. However,
the key sgnificance of this work lies in the source of iron: the research group has utilized the so-called
‘mill-scale wasgte from gted industry, as an iron source. "There is huge inventory of sted mill waste in
every country that produces sted. By converting this waste into nanoiron and utilizing it for hydrogen
generation which can be fed into afud cell stack, the dectricity thus produced can partidly power the sted
plant itsdf," relates Abdul-Mgeed Azad, associate professor, Department of Chemical and Environmental
Engineering, University of Toledo.

Mill-scae is magnetic in nature with iron content as high as 93%. It is a porous, hard, and brittle
coating of severd digtinct layers of iron oxides formed during the fabrication of sted structures. This oxide
layer is usudly cleaned prior to sae, or use of such sted sructures. Previoudy, the mill-scale waste has
been converted into metalic iron via hydrogen reduction and by carbothermic reduction. However, these
methods were plagued by limitations, as both the reduction processes are energy-intensve asthey use high
temperatures and one of them requires precious hydrogen. Thus, these processes have been consdered to
be unattractive in a commercia setting. Moreover, the use of high temperatures results in coarser iron thet
is not as active and hence not likely to generate hydrogen efficiently over severd cycles.

The research group has developed a novel near room-temperature reduction technique whereby
the mill-scde is first brought in solution by acidic dissolution wherein it is ingtantly converted into highly
active nanoscae iron powder. This nove reduction technique obviates the issue of sintering and coarsening
of the iron/iron oxide due to high temperatures and hence the possibility of deectivation during the cyclic
operation of metal-steam reforming becomes a non-issue. Notably, it was observed that by modifying the
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technique and conducting the reduction in the presence of a surfactant, even smdler (gpproximately 5 nm)
iron particles were achieved.
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Schematic of the hydrogen generating prototype device using
solar concentrator as the heating source and Potential applications
of this process

Piciure Credit: Dv. Abdul-Muajeed Azad, Department of
Chemical and Environmental Engineering, University of Toledo.

"We have established that mill-scale waste can be efficiently converted into nanoscale iron
particles, which we have demongrated can generate high-purity hydrogen with yield as high as 95% to
98% theoreticd. With a solar concentrator in place, it will be [an] even nore atractive option for
generating hydrogen in a 'green’ way, in a sense that it does not require or emit any carboncontaining
gaseous byproduct and hence is environmentaly benign,” says Azad.

Further, these zero vaent iron (ZVI1) nanoparticles are aso relevant as key catdyst in the synthesis
of carbon nanotubes and as an active decontaminant of drinking water. Due to smdler particle sze and
larger surface area, coupled with the advantage that ZVI can be obtained from reaively inexpensve
source uch as mill scae wagte, the researcher believes that a strong commercid viability for this research
exigs.

Patid funding came from Universty of Toledo's internd Universty Resesarch Award and
Felowship (URAF program). "Currently, partid funding is on its way from Edison Materids Technology
Center (EMTEC), which will help us, design a prototype solar concentrator as an aternative heet source
for the hydrogen generation,” concludes the researcher.

Figure 1. Schematic of the hydrogen generating prototype device using solar concentrator as the

hesting source.
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Detalls Dr. Abdul-Mgeed Azad, Associate Professor, Department of Chemica and
Environmental Engineering, Universty of Toledo, Ohio 43606-3390. Phone: 419-530-8103. E-mall:
aazad@eng.utoledo.edu.
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