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Abstract

About 30% of the energy produced by fuels, and used for automotive industry, is actually generating
movement, letting the rest of it to get lost as dissipation in friction and heat. This is just one of the
multiple systems that generate waste heat energy. These statements serve as a base to understand and
justify the important role of research and development of new green materials and technologies. This
paper provides a general context on the current and potential future panorama of these materials and
their applications, also providing the reader with the essentials for understanding the content.

Keywords: Thermoelectric Materials, Household and Industrial Applications, Mechatronics in
Environmental Sustainability.

Osszefoglalas

A gépjarmiivekben kitermelt energidnak nagyjabol 30%-a keriil mozgas éltali felhasznalasra, a tobbi
energia mind veszteségként (ho, surlodas, etc..) elveszik a kdrnyezetben. Ezen tény, és a napjainkban
allandéan megujuld technologidk alapjan meg kell vizsgalni annak a lehetdségét, hogy lehetne ezt az
»elpazarolt” disszipalt hémennyiséget, hasznos villamos energiava alakitani oly modon, hogy ezzel
elosegitsiik a ,,hibrid” autok villamos energiatermelését. Ebben a konferenciacikkben olyan anyagok
gyartasat mutatjuk be, melyek elésegithetnék ezt a folyamatot. Arra szeretnénk ramutatni, hogy a
termo-elektromos anyagok bdvebb kihasznalasa lehet6séget adna az ilyen ,.elpazarolt” héenergidk

hasznositasara.

Kulcsszavak: Termo-elektromos anyagok, Termisztorok, Ipari alkalmazdsok, Mechatronika a
fenntarthato kérnyezet érdekében, Energiahasznositas

1. Introduction opment of green or echo-friendly technolo-
gies, which are one of the increasingly
trending matters of study nowadays. Their
importance and relevance is directly pro-
portional to the fact that energy is present in
every important process and many times it's
being wasted as a side effect of them.

Energy generation and consumption has
remained a constant topic of interest for
most of the nations throughout the last
decades. It is true that major improvements
have been achieved within many fields of
technology which has lead us to the devel-
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Heat is the most common way of waste
energy and it occurs not only in engineering
or industrial processes, but to a household
level as well; cars are the most clear and
accessible example for it. Approximately
40% of the fuel energy is wasted in exhaust
gas, 30% is dissipated in the engine coolant,
5% is lost as radiation and friction, and only
25% is used for vehicle mobility and acces-
sories. [1]

With the previous statement, it could be
inferred that from out of the nearly 3042.5
thousand barrels of gasoline consumed in
Europe per day [2], only 760.6 are effec-
tively producing motion.

The field of thermoelectrics require not
only of ideas on applications but firstly the
research and development of highly effi-
cient thermoelectric materials.

Rank Country Consumption (Thousand Barrels per Day)
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1. fig. Gasoline consumption in Europe, sorted
by country (2012). [2]

2. Background

The basic physic principle upon which
Termoelectric  Generators (Further on
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T.G.E.’S) are able to transfor heat energy
into electricity is the Seebeck Effect.

This phenomenon was discovered in
1821 and the definition stated that a basic
setup consisting of two different metallic
elements with a common contact point
could produce an electric current whenever
a differential of temperature was applied at
the ends of the materials. This was taken
forward and scientist had been studying this
property, which lead to the discovery that
certain thermoelectric materials have good
heat converstion properties. [1]

The parametric number that can define
the efficiency of such materials used in the
production of TGE’s, is the so called Figure
of Merit represented by:

s2r s2r

IT= —=—"—"-—
Kp  (KetKpp

1)

where,

S=Seebeck Coefficient,

K= Thermal Conductivity,

p=Electrical Conductivity

T=Absolute Temperature.

Usually, good thermoelectric materials
are special types of Semiconductors.

Through the years, three main types of
materials have been known thanks to the
hard work of researchers, all though, the
most complex and reliable ones haven’t
reached affordable production costs and
therefore they are still not being produced
in mass scale for important portential appli-
cations.

It is important to notice that the criteria
that every good thermoelectric semiconduc-
tor material should meet are the following:

—To be heavily-doped semiconductors.

—The Energy of the Bandgap should be
less than leV.

—They should present a low Thermal
Conductivity, whilst preserving a good
electrical conductivity.

Next up, the main types (approaches) of
these materials are briefly described.
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2.1. Thermoelectric Bulk Materials

The alloying of bulk materials is the
most cost friendly option but the results
aren't the best by this method since effi-
ciency ZT from these materials isn't high
enough for the desired applications for a
future.

It could be said that one of the most
well-known and efficient bulk thermoelec-
tric materials is the Bi,Te;. This material
can generate a ZT value of around 1. [1]

2.2. Thermoelectric Nano-Structured
Materials

One known approach to improve the ZT
on thermoelectric bulk materials is the
creation of PGEC, or Phonon Glass Electric
Crystals. This idea has been applied to
generate Sketerudites.

Despite the previous advancement, the
most recent researches are trying to create
Nano-Structured (or Engineered) Materials.
The goal of this approach is to reduce the
thermal conductivity of the material by
modifying its Crystal Lattice.

The modifications to the composition of
the material, consist in augmenting the

thickness of the material layers so the mean
free path in such a way that phonons are
positioned in a distributed way. This will
reduce effectively their mobility and there-
fore the thermal conductivity.

This approach deals with one and bi-
dimensional sized nano-structures.

In the case of 2D, the most efficient ex-
ample found to the day are the Bi,Te; —
Sb,Te; modified lattices. (This meaning
that there are lattices embedded in the mate-
rial with a certain thickness and periodici-
ty). These materials have an improved ZT
value of around the double of the bulk
counterpart of it. (ZT=2.4 vs. ZT=1.1). [1]

2.3. Thermoelectric
Materials

Nano-Composite

Nano-Composites represent the latest
improvements. These materials are embed-
ded nano-modified structures into bulk
materials, making it possible to custom
reduce the phonon mean free path signifi-
cantly, reducing the phonon transportation
but without affecting the mobility of the
charge carriers.

Material systems Carrier type T K [W m~! K_'] T Synthetic method® Ref.
PbTe-based nanocomposites

AgPb,ShTea n 22 800 K NP [16]
Agg sPbeSnaShy 2 Tey p 1.45 0.43 630 K NP [90]
Agg 53PbigSby 2 Teay n 1.7 = T00 K NP [91]
Kg.osPbaypSbhy 2 Tean n 1.6 0.4 T50K NP [92]
Ny gsPbagShTes, P 1.7 0.74 700 K NP [17]
PbTe-PhS8% n 1.4 - 750 K NP [93]
PbTe-Pb-Sb n 1.4 0.6 T00 K NP [94]
PbTe-Si n 0.9 = 675K NP [95]
Phg ¢Shg 2 TeaSer n Il 0.4 650 K NP [97]
(Pby 9550 ps Tely 92(PbS)g g n 1.50 0.4 642K NP [23]
2%SrTe-containing PhTe P 1.7 0.45 B00 K NP [100]
NaPhsBiTea p 1.3 = 670 K NP [103]
AgysPb 58bTes n 1.5 0.89 T00 K MA+SPS [106]
SiGGe-based nanocomposites

SiggGeag p 0.95 = 1073 K HEBM+HP [107]
SiggGeagPa n 1.3 1173 K HEBM+HP [25]
New thermoelectric materials

IngSe;_; n 1.48 - 05 K Bridgeman method [26]
IngSe;_ Cly gz n 1.53 698 K Bridgeman method [109]
B-Cu,_,Se p 1.5 0.4 1000 K MAG+SPS [28]
f-Zn, Shs p 1.35 - 673 K Bridgeman method [22]

2. fig. Properties of Advanced Thermoelectric Materials [1]
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This fulfils the third stablished condi-
tion for effective thermoelectric semicon-
ductors, which states that the thermal con-
ductivity should be reduced by the time the
electrical conductivity is kept at a good
level. The most important advancements
were achieved while using PbTe based
alloys; this record show a ZT value for
approximately 2.2, just followed by Bi,Te;
based composites, which ZT’s range goes
from 1.4 to 1.7.

Lastly, some improvements have been
made also while implementing these nano-
modification techniques on SiGe based
materials with near 1.3 ZTs. [1]

As can be inferred from this data, the
nano-composites are the best approach of
high efficiency (high performance) thermo-
electric materials, and therefore they be-
come, theoretically speaking, a good option
for the growing interest in the development
of green technologies, however, their manu-
facture hasn’t reached popularity in a big
scale because of the complexity and the
cost of the processes required for it.

2.4. Current and Future Panorama

As stated, the analysis and process of
the nano-composite materials turns to be
expensive and complex to make, and so,
this has slowed down the process of apply-
ing these technologies for real life solu-
tions.

Just recently in 2015, American enter-
prise ThermoAura emerged and began
producing this kind of materials in a large
scale after the discovery of an efficient
production process implying the use of
nano waving. Despite the medium size of
this company, this could be seen as the first
of many steps leading to a more ecological-
ly conscious world.

This type of research could result in the
application of new processes worldwide
that can provide with cost-friendly solutions
for generating these materials.
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Main potential applications include (but
are not limited to) the design of new auto-
motive cooling systems embedded in Hy-
brid Electric Vehicles that include TEG
devices to recover the waste energy from
the main engine (internal combustion) and
can re-inject the recovered energy in the
form of electricity into the HEV system,
similarly to the way the Kinetic Energy
Recovery Systems work; please note that
this application might be useful in current
scenarios, where the main fuel is still fossil-
based, and future potential scenarios where
bio-fuels can be integrated as an alternative
for combustion engines. Also, another
seemingly important application, could be
the integration to these devices in industrial
processes such as steel production, could
help save energy and eventually be part of
the list of actions to reduce the conventional
fuel dependency. Not to mention other
household possible applications for daily
life solutions.

3. Conclusion

Thermoelectric materials should be a
must in the list of interests of the govern-
ments and research departments worldwide,
due to the potential applications they have.
Also, it is important to take into account
that the integration of multiple green energy
sources into new technologies can improve
the performance of such devices.
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