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ABSTRACT 

In recent years, silicon and its based thermoelectric (TE) materials have 

attracted attention due to the advantages of low toxicity, low production costs and high 

stability. In this article, we review recent advances in the synthesis and 

characterization of silicon-based thermoelectric materials. In the first part of the 

article, it is shown that a large amount of silicon synthesized by natural nanostructure 

method, which is one of the new methods, exhibits a very high thermoelectric value of 

0.6 zT at 1050 K temperature. In the second part, we consider the synthesis and 

characterization of Si nanocomposites and silicon-based thermoelectric materials. All 

of them are synthesized by the melt-spinning technique, which has rapid solidification 

properties. By this condition, it can be considered that the silicide precipitates are 

homogeneously distributed in the silicon matrix at any nanoscale size. And in the final 

part, we show promising new silicon-based thermoelectric composites for general 

thermo electrics, which exhibit very high power factor even at room temperature.  

Keywords: silicon, thermoelectric, nanocomposite, nanostructuring, melt-

spinning. 

 

INTRODUCTION  

In general, most thermoelectric devices focus on generating power from waste 

heat because they can convert thermal gradients directly into electricity. The efficiency 

of the thermoelectric device is determined by the temperature gradient across the 

device, as well as the properties of the thermoelectric material, as the dimensionless 

value is described by zT = S2σTκ −1 [1-3]. Where S is the Seebeck coefficient, σ is the 

electrical conductivity, T is the absolute temperature, and κ is the total thermal 

conductivity (κ = κlat + κel, where κlat and κel are the lattice and electronic contributions, 

respectively). In many ways, cheap and non-toxic TE materials that are affordable are 

needed to expand TE energy production and practical applications. Silicon-based 

materials are abundant in supply because they make up most of the Earth’s surface, 

making them useful for use in TE electricity generation. For decades, various Si-based 
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TE materials such as Si–Ge alloys and Mg2Si have been developed with a maximum 

zT value of around unity at 1100 K [4-6]. Analogously, it is informed that some metal 

silicides have potential to be a good TE material. One of the top metal silicides is 

Mg2Si. It has been established that Mg2(Si,Sn) displays n-type characteristics with a 

zT value of over unity at 700 K [7-8]. For p-type metal-silicide TE materials, bigger 

manganese silicides have been improved, in which the topmost zT value of 0.7 at 800 

K has been confirmed. Even though bulk Si exhibits nice electrical properties, its κ lat 

is immoderate (>140 W·m−1·K−1 at 300 K for a non-doped alone crystal), yielding a 

low zT value of ~0.02 at maximum at 300 K [9,10]. Accordingly, recent research on 

Si-based TE materials has concentrated on methods to lessen κ lat. In recent years, 

significant improvements in zT in different traditional TE materials have been attained, 

particularly via considerable methods for the minimization of κlat including mixture 

scattering, rattling, lone-pair electrons and nanostructuring [11-16]. Nanostructuring 

allow κlat reduction while maintaining high some electrical properties. Additionally to 

Si, many metal silicides are considered developed TE materials because of its low 

toxicities and high chemical stabilities.  

 

METHODS 

In many cases nanostructured TE materials are traditionally synthesized by 

grinding the materials into small-sized particles and consolidating these materials 

entering to polycrystalline bulks. Nevertheless, synthesizing fine nanostructured bulk 

Si by this method is hard because Si nanopowders are easily oxidized within the 

grinding act. Therefore, in this work has proposed an alternative synthesis of 

nanostructured bulk Si by precipitating nanoscale particles in the Si based [17-19]. This 

usually made nanostructures and effectively prevents oxidation. As we can see from 

the Si-P phase diagram, the solubility of P in Si is mainly temperature-dependent. At 

large temperature, a small percentage of P can dissolve contains Si, and at room 

temperature, nearly no P dissolves. Therefore, when a thaw of highly P-doped Si cools 

from the α-phase region (Figure 1a), it is expected that P-rich precipitates form in the 

Si matrix. By using this method successfully synthesized nanostructured bulk Si. And 

also it confirmed that two types of precipitates form in the Si matrix: semi-coherent 

plate-shaped precipitates of several dozen nanometers and coherent spherical-shaped 

precipitates of a little nanometers in size, as shown in Figure 1b–d. Transmission 

electron microscopy/energy-dispersive X-ray spectroscopy analysis realize that the 

precipitates are Si–P binary compounds. 
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a b c d 

Figure1. (a) Precipitates naturally form when the melt cools from the α-phase 

region in a binary phase diagram. (b) Micro- and nanoscale schematics of a 

nanostructured bulk material containing various types of precipitates. (c) Low- and 

(d) high-magnification bright-field transmission electron microscopy (TEM) images 

of nanostructured bulk Si, showing the homogeneous distribution of nanoscale 

precipitates in the Si matrix. Contrast shows strain arising from the precipitates. In 

(d), the arrows A and B indicate plate-like precipitates along (high contrast) and 

perpendicular (lesser contrast) to the electron beam, respectively. 

 

RESULTS 

We can see at the eutectic composition, nanocomposites with homogeneous 

distributions of secondary phases in the primary-phase matrix can be obtained. Several 

metal silicide’s might form such nanoscale precipitates in Si matrices because they 

have a pseudo-binary eutectic point with Si. So, as summarized in Figure 2, the 

structural characteristic of the secondary phase, i.e., nano-lamellar or nano-dot, 

depends on the position of the eutectic point. For example, among various metal 

silicides, CrSi2, CoSi2, Si2Sb and TiSi2 have eutectic points with Si at intermediate 

dopant concentrations, while VSi2 has a eutectic point with Si at low V concentrations. 

 
Figure2. Relationship between phase diagram and nanostructure. According to the 

position of the 
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eutectic point, nano-lamellar or nano-dot structure can be obtained by melt-spinning 

(MS). 

Figure 3 we can see scanning electron microscopy (SEM) images of the nano-

lamellar structures obtained by MS at the eutectic points between Si and different metal 

silicides. All composites comprised two phases, i.e., white and dark areas 

corresponding to the metal silicide and Si matrix, respectively. 

   

a b c 

Figure 3. Scanning electron microscopy (SEM) images of nano-lamellar 

structures obtained by MS at the eutectic points between Si and metal silicides: (a) 

Si–CrSi2, (b) Si–CoSi2, and (c) Si–TiSi2. 

 

DISCUSSION 

It has discovered that YbSi2− δ exhibits a high power factor of 2.2 mW·m−1·K−2 

at room temperature. Because of the mixed valence behavior of Yb, YbSi2− δ has an 

extraordinarily high S value despite its metallically high σ. And also, it has 

demonstrated that the power factor of YbSi2− δ can be improved by substituting Si by 

Ge. It should be mentioned as an explanation the substitution gradually changed the 

structure from AlB2 type with random defects to Th3Pd5 type with ordered defects, 

reducing the level of disordered defects, as shown in Figure 4. 

 

 
 

Figure 7. Schematic of crystal structure of YbSiGe projected along the c axis, 

showing a structural transition from the disordered AlB2-type structure to the ordered 

Th3Pd5-type structure. Yellow and blue balls represent Yb and Si/Ge, respectively. 

[20] Copyright 2018, AIP Publishing. 
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The composition dependences of the Hall mobility µ H, Hall concentration nH, 

and σ (=e· µ H ·nH) values the nH values decreased with the increasing Ge content, 

possibly because of the reduced density of states near the Fermi stage. Also, the valence 

states of Yb in the compounds tended to decrease from 3+ to 2+ with the increasing Ge 

content, which may reduce the number of conduction-band electrons, thus reducing 

nH. Meanwhilst, µ H values increased considerably with the increasing Ge content, 

possibly because of changes in the band structure, reductions in electron scattering, and 

the removal of disordered defects in the Si sub-lattices via the structural transition 

discussed above. Based on the results of nH and µ H, the electrical conductivity σ (=e· 

µ H·nH) was increased approximately linearly with the Ge content. 

 

CONCLUSION 

In this review, recent research toward the development of high-efficiency eco-

friendly Si-based TE materials was summarized. The nanoscale precipitates reduce κ 

lat without significantly affecting the electron transport properties, thus enhancing zT. 

In addition to this natural nanostructuring procedure, our group has proposed the rapid-

solidification MS method to synthesize Si–metal silicide nanocomposites. At the 

eutectic composition of Si and a given metal silicide, a eutectic structure with a 

homogeneous dispersion of metal silicides in the Si matrix can be obtained. 

Furthermore, with varied cooling rates, the eutectic structure feature size can be 

controlled, that is, higher cooling rates correspond to smaller sizes, as demonstrated in 

the Si–VSi2 system. Finally, it has  discovered a promising high-power-factor TE metal 

silicide, YbSi2. For this reason, because of the mixed valence state of Yb, this metal 

silicide exhibits a large S with a metallically high σ, yielding a high room-temperature 

power factor. Furthermore, the power factor can be enhanced by the substitution of Ge 

for Si. 

 

 

 

 

 

 

 

 

 

 

 

http://sjifactor.com/passport.php?id=22323
https://t.me/openidea_uz


Innovative Development in Educational Activities     ISSN: 2181-3523    VOLUME 2 | ISSUE 17 | 2023  

 

        Scientific Journal  Impact Factor (SJIF): 5.938         http://sjifactor.com/passport.php?id=22323  

 

   

https://t.me/openidea_uz                   Multidisciplinary Scientific Journal                    September, 2023 51 

 

 

REFERENCES 

 

1. Olimov, L. O. "The grain boundaries of polycrystalline silicon: microwaves, 

charge states and rn-junction." Autoreferaty of doctoral dissertation (2016). 

2. Olimov Lutfiddin Omanovich, Iqboljon Ibroximovich Anarboyev. "Some 

electrophysical properties of polycrystalline silicon obtained in a solar 

oven." Silicon 14.8 (2022): 3817-3822.  

3. Bell, L.E. Cooling, Heating, Generating Power, and Recovering Waste Heat with 

Thermoelectric Systems. Science 2008, 321, 1457–1461. 

4. Dismukes, J.P.; Ekstrom, L.; Steigmeier, E.F.; Kudman, I.; Beers, D.S. Thermal 

and Electrical Properties of Heavily Doped Ge-Si Alloys up to 1300 K. J. Appl. 

Phys. 1964, 35, 2899–2907. 

5. Steele, M.C.; Rosi, F.D. Thermal Conductivity and Thermoelectric Power of 

Germanium Silicon Alloys. J. App. Phys. 1958, 29, 1517–1520. 

6. Saidov, M. S., B. M. Abdurakhmanov, L. O. Olimov. "Impurity thermovoltaic 

effect in the grain boundaries of a polycrystalline silicon solar cell." Applied Solar 

Energy 43 (2007): 203-206. 

7. Abdurakhmanov, B. M., L. O. Olimov, M. S. Saidov. "Electrophysical properties 

of solar polycrystalline silicon and its n+-p structures at elevated 

temperatures." Applied Solar Energy 44 (2008): 46-52.  

8. Liu, W.; Tan, X.; Yin, K.; Liu, H.; Tang, X.; Shi, J.; Zhang, Q.; Uher, C. 

Convergence of Conduction Bands as a Means of Enhancing Thermoelectric 

Performance of n-Type Mg2Si1-xSnx Solid Solutions. Phys. Rev. Lett. 2012, 108, 

166601. 

9. Olimov, L. O. "Model of the grain boundary in pn structures based on 

polycrystalline semiconductors." Applied Solar Energy 46.2 (2010): 118.  

10. Fedorov, M.I.; Zaitsev, V.K. Thermoelectrics Handbook; Rowe, D.M., Ed.; 

CRC Press: Boca Raton, FL, USA, 2006; p. 3. 

11. Poudel, B.; Hao, Q.; Ma, Y.; Lan, Y.; Minnich, A.; Yu, B.; Yan, X.; Wang, D.; 

Muto, A.; Vashaee, D.; et al. High-Thermoelectric Performance of 

Nanostructured Bismuth Antimony Telluride Bulk Alloys. Science 2008, 320, 

634–638. 

12. Olimov, L. O. "Adsorption of alkali metals and their effect on electronic 

properties of grain boundaries in bulk of polycrystalline 

silicon." Semiconductors 44.5 (2010): 602-604. 

http://sjifactor.com/passport.php?id=22323
https://t.me/openidea_uz


Innovative Development in Educational Activities     ISSN: 2181-3523    VOLUME 2 | ISSUE 17 | 2023  

 

        Scientific Journal  Impact Factor (SJIF): 5.938         http://sjifactor.com/passport.php?id=22323  

 

   

https://t.me/openidea_uz                   Multidisciplinary Scientific Journal                    September, 2023 52 

 

13. Olimov, L. O., B. M. Abdurakhmanov, A. Teshaboev. "Influence of alkali metal 

atoms on transport of charge carriers in the between grain boundaries of 

polycrystalline silicon."." Material Science 1 (2014): 79-82. 

14. Olimov Lutfiddin Omanovich. "A LOOK AT THE HISTORY OF 

ANTIMONY." Journal of new century innovations 23.4 (2023): 83-84. 

15. Olimov Lutfiddin Omanovich, Khojimatov Islombek Turg‘unboy o‘g‘li. 

"MAGNETIC PROPERTIES OF SUBSTANCES." Scientific progress 3.2 

(2022): 357-359. 

16. Bux, S.K.; Blair, R.G.; Gogna, P.K.; Lee, H.; Chen, G.; Dresselhaus, M.S.; 

Kaner, R.B.; Fleurial, J.P. Nanostructured Bulk Silicon as an Effective 

Thermoelectric Material. Adv. Funct. Mater. 2009, 19, 2445–2452. 

17. Umidbek Turg‘unboy o‘g‘li, Yoqubjonov Fayzulloh Tursunali o‘g‘li. "STUDY 

THE MICROSTRUCTURE OF COMPOSITE MATERIALS PRODUCED BY 

MIXING AL-SI PARTICLES." Central Asian Academic Journal of Scientific 

Research 2.7 (2022): 281-284. 

18. Xojimatov Umidbek Turg‘unboy o‘gʻli,. "TECHNOLOGICAL EVALUATION 

OF GRAPHITE AND ITS PROPERTIES." Journal of new century 

innovations 27.6 (2023): 68-73. 

19. Yusufu, A.; Kurosaki, K.; Miyazaki, Y.; Ishimaru, M.; Kosuga, A.; Ohishi, Y.; 

Muta, H.; Yamanaka, S.Bottom-Up Nanostructured Bulk Silicon: A Practical 

High-Efficiency Thermoelectric Material. Nanoscale 2014, 6, 13921–13927. 

20. Tanusilp, S.; Oxishi, Y.; Muuta, H.; Nihide, A.; Hayakava, J.; Kurosoki, K. High 

Thermoelectric Pover Factor of Yterbium SiliconGermanium. Appl. Phys. 

Lett.2018,113,193901. 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://sjifactor.com/passport.php?id=22323
https://t.me/openidea_uz

