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In a world constantly searching for sustainable
energy solutions, a remarkable discovery

from Qatar University is attracting widespread
attention. Researchers have found a way to
significantly improve the performance of materials
that convert waste heat into electricity, using

an unlikely ingredient — common Qatari desert
shale. This innovation could pave the way for
cheaper and more widespread use of technology
that harvests energy from sources all around us,
from the heat of a car engine to the warmth of
industrial machinery.

The technology at the heart of this research is
thermoelectricity. Thermoelectric materials have
a unique ability: when one side of the material is
heated and the other is kept cool, they generate
an electrical voltage. This effect can be harnessed
to create devices that act as solid-state power
generators, capturing heat that would otherwise
be lost and turning it into useful electricity. For
decades, a major hurdle for this technology

has been the high cost and complicated
manufacturing processes associated with the
best-performing materials. The most effective
additives used to boost their performance, such
as graphene or carbon nanotubes, are expensive
and difficult to produce on a large scale.
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This is where the Qatari innovation comes in. The
research team, led by Prof. Khaled Youssef at

the Materials Science and Technology Graduate
Program, Department of Physics and Materials
Science, turned their attention to a material
abundant in Qatar’s Dukhan region: Eocene Midra
Shale (EMS) (Figure 1). This unassuming shale, a
type of clay rock, is a major component of Qatar’s
hydrocarbon reservoirs. What makes it special is
its microscopic structure. It naturally contains tiny,
needle-like nanofibers of the mineral palygorskite,
along with other mineral flakes such as dolomite
and illite (Figure 2).

The researchers had a groundbreaking idea: what
if this low-cost, natural nanomaterial could replace
the expensive, synthetic ones? They decided

to test their theory by mixing a tiny amount

of crushed EMS powder with a well-known
thermoelectric alloy, Bi,Te,._Se.,.. They prepared
several batches, each with a different, very small
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percentage of the shale, and pressed them

into small pellets. The team found that adding

a minuscule amount of the shale—just 0.05%

of the total weight— resulted in a significant
improvement. This small addition enhanced the
material’s overall thermoelectric performance,
measured by a key indicator called the “figure of
merit” (ZT), by an impressive 19% compared to
the pure alloy.

The secret to this success lies in the unique
synergistic effect of the shale’s diverse mineral
composition. The long, thin palygorskite
nanofibers created perfect microscopic
“highways,” allowing charge to flow more easily
and improving conductivity. Simultaneously, the
other irregular mineral flakes acted as disruptive
“‘roadblocks” for heat, scattering heat waves
(phonons) and lowering the material’s thermal
conductivity. Improving electrical conductivity
while reducing thermal conductivity is the goal
in thermoelectric material design, a feat rarely
achieved with a single additive.

Even more striking was the fact that the
performance of their shale-enhanced composite
surpassed that of other composites they created
under the same conditions, using high-cost
additives such as graphene, MXene, and carbon
nanotubes. This demonstrates that the available
Qatari shale is not just a cheaper alternative, but
a better-performing one.

This breakthrough highlights the immense
potential of using abundant, natural materials
for advanced technological applications. By
leveraging the unique properties of the Eocene
Midra Shale, the researchers have created a
pathway to make thermoelectric devices more
economically viable and scalable. This could
accelerate their adoption across various fields,
from powering wireless sensors and wearable

electronics to recovering waste heat in the
automotive and aerospace industries. This study
is a powerful testament to how local natural
resources can provide sustainable solutions to
global energy challenges.

Figure 1: Qatari Eocene Midra Shale (EMS) in
Dukhan region.

Figure 2: TEM image showing the nanostructure of
the Qatari desert Eocene Midra Shale (EMS).
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