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ABSTRACT

Thermoel ectric technology, widely applied to military, aerospace, medicine and microel ectronics transforms thermal
energy to electricity by the use of thermoelectric materials. In recent years, as the problem of energy and
environment looms large, thermoelectric technology is gaining more and more attention. This paper introduces
basic principles of thermoelectric technology, summarizes the latest advancement of thermoelectric materials,
illustrates the structure of thermoelectric generator and way of heat radiation and discusses current problems of
thermoelectric power generation technology as well as methods to improve its generation efficiency.
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INTRODUCTION

The research on thermoelectric technology was datak to 1940s, and reached its peak in the 196@=nw
continuous power generation was realized[1]. Offi€Space and Defense Power Systems of U.S. Depattaof
Energy commented that thermoelectric power germrdtis such a dynamic technology proved to be bidia
durable and capable of working long hours undereaex¢ circumstances.” However, constrained by Idiehcy
and high cost of thermoelectric conversion, thedexigc technology is less for industrial and davil use; expect a
few application in the front edge such as aerospackemilitary[2]. In recent years, as the problehewergy and
environment looms large and with the developmenhigh-performance thermoelectric materials, thelewtac
technology is gaining more and more attention aemblnes a hot issue of research[3].

BASIC PRINCIPLESOF THERMOELECTRICITY
Thermoelectric technology is based on thermoeleetifects, including Seebeck effect, Peltier effeal Thomson
effect. It employs thermoelectric materials anesh¢farms thermal energy to electricity.

1. Seebeck effect

As shown in Figure 1, for a circuit constituted aainductor (or semi-conductor) a or b in serieshdre are two
connectors 1 and 2 at temperatlig@ndT, respectively, there will produce a potential diffiece between y and z at
the open-circuit position of b. Under the same miatethe thermoelectricity potential is only reddtto the
temperature difference of two connect@,=T, -T_, and it can be expressed as:
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conductor a

conductorb 2

Fig.1Seebeck effect

The Seebeck effect is invertible. When the tempeeatiifference adds or deletes a minus sign, theleotricity
potential would remain its absolute value with dthaut a minus sign.

2. Pdltier effect

The Peltier effect is the opposite of the Seebdfdcke In Figure 1, if an electromotive force isdedl at y and z,
electric current | is produced in the circuit corapd of a and b. At the same time, one connecttreo€onductors
absorbs the heat while the other releases the Hieatexperiment found that the heat absorptioréssd) rate g is in
proportion to electric current |, namely:

q=r,l )
where, 7T, is Peltier coefficient, W/A

3. Thomson effect

When the electric current flows through the conduethich has temperature gradient, besides jouds, leere is
also another form of heat to absorb, namely Thonmsa. Experiment has proved that Thomson heatlaédddor
released) per unit time is in proportion to tempse difference AT of the conductor and electric currdid].

There is:
P =1ATI (3)
Where,tr is Thomson coefficient, V/K.

These three thermoelectric effects are closelyeéleather than independent.

Thomson applied the first law and the second lathefmodynamics to three thermoelectric effects @mtluded
two important formula for coefficientq, 77Tand T :

n_-LZ_alZT (4)
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n-r,=T—% (5
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Fig.2 Thermoelectricity leg

4. Basic principles of thermoelectric generator
A p-type thermoelectricity component and ann-typermoelectricity component were connected with ftheta
electrodes at the hot-end, which is called therewigkity couple or temperature difference uncouple is shown
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in Figure 2, the open-end of the thermoelectricibyple is connected with an external load whosisteesce is, .
When the electric current moves through the cir¢hi¢ electric power of the loadIs,. Consequently, a generator
that converts thermal energy to electricity is ofgd [5].

THERMOELECTRIC MATERIAL
1. Selecting standard for thermoelectric materials
In order to increase the efficiency of the thermotic generator, it is necessary to increase phienom value Z of
thermoelectricity leg.
aZ

Z= L 5
(Viop, + ko0 ) ©
Optimum value Z is the standard of evaluating thality of a certain materialin the research of theelectric
materials.
2 2
7 :a_ = aog
pE K

In real practice, the dimensionless optimum valuefZelectric material with single temperature diéfece is
expressed by its multiplying with absolute tempemat
2
7T = aT _a gL
Pk ()

From the equation, it is known that to find matsriaith high optimum value, the only method is tthance the
Seebeck coefficient and electrical conductivity asduce thermal conductivity of the material.

2. Major thermoelectric materials
At the present, common thermoelectric materialskaseuth telluride (BiTes) and its alloys, plumbous telluride
(PbTe) and its alloys and silicon germanium (Si@kys.

2.1 Bi,Tesand itsalloys

Te's atomic number is 52 and Bi's atomic numbei8& Among all stable compound of element Bi and Te,
Bi,Teshas the largest molecular weight,Biy's melting point is 585C, and its density is 7.86g/énThe structure

of Bi,Te; is shown in Figure 3. The stoichiometry o, Bkis beyond control during the growth of the crystadr
compound semiconductors, chemical ratio has afgignt influence on crystal property. If Bi is exséve in the
crystal, a p-type material will be obtained. Ififexcessive, an n-type material will be obtairgld [

=0)
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Fig.3Crystal structure ofbismuth telluride

Thermoelectric properties of melt Besand its alloys are distinct between parallel antdiced to the cleavage plane.
At 300K, Bi,Testhermoelectric unicouple reaches the largest optimalue. The electrical resistivity of p-type and
n-type materials is 1.0xf@+ m. Their Seebeck coefficients are ¥85K and -205V /K respectively.k is

about 1.9V/(me K). The optimum value of thermoelectric unicoupl@8x10%K ™.

Metals like copper, silver and gold diffuse fastlenheat in BiTe; crystal, even if under low temperature. Figure 4
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shows the diffusion coefficient of copper in bismuelluride. BjTeshas two pseudobinary systems, namely
Bi,Tes-Bi,Seiand BjpTe-ShTes. The composition of each may change within a rangbe best p-type
thermoelectric material is close to,BShTe;and %x1.5. The best n-type thermoelectric material isseldo
Bi,Te;.,Sg and y0.3. Figure 5 shows the optimum value of alloy 8nde; of pseudobinary system[7].
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Fig.4 Diffusion coefficient of copper in bismuth telluride
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Fig.5 The optimum value of alloy and Bi,Te;of pseudobinary system

2.2 PbTeand itsalloys

Plumbous tellurid is an intermetallic compound wihcubic crystal structure. The melting point ofirpbous
telluride is 922C. The band-gap ratio is 0.30 eV, twice as thatisfioith telluride. It is used for thermoelectric
power generation between temperatures 300-900Kir&i§and Figure7 show the variation of electriesiistivity,
the Seebeck coefficient, the thermal conductivitg ahe optimum value of PbTe under different migtwersus
temperature[8].
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Fig. 6 Relationship among the electrical resistivity, Seebeck coefficient and Sh,Te; content for PbTe
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Fig. 7 Dependence of the thermal conductivity on  Sb,Te;content for PbTe

Thermal conductivity, x/{W/(K-m)]

Table 1shows the performances pf PbTe and itsalogl other moderate-temperature materials

Table. 1 performances pf PbTe and its alloys and other moder ate-temper ature materials

Material Type  Dopant  KW/(meK)) Z,.(10%/K)
PbTe N Br+Pb 2.0 20
PbTe P Ag,K,Na 2.0 1.7
PbTe75%+SnTe25% N PbC12+Pb 1.2 1.35
GeTel0%+AgShT90% P 15 1.4-1.5

2.3SiGealloys

The solid solution formed by Si and Ge accordingat@ertain proportion becomes the best high-tenyera
thermoelectric material as the thermal conductieitgrystal is lowered greatly. Currently, commanics solutions
are S 7dGey.30Sik.sdGeaNd SieGey 15 Figure 8 shows the optimum values of SiGe allogswe temperature [9],
[10].
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Fig.8 Optimum values of ther moelectric materials

THERMOELECTRIC GENERATOR
1. Thermal source
Classified by thermal sources, thermoelectric gmiees include radioisotope thermoelectric geneyatorclear

reactor thermoelectric generator, alkylate fuetriimelectric generator and low-level heat thermdalegenerator,
etc.

Classified by operating temperatures, thermoelecfenerators include high-temperature thermoetegenerator,
moderate-temperature thermoelectric generator amdtdmperature thermoelectric generator. High-tawapee
thermoelectric generator works at 7@ or above with silicon germanium alloys (SiGe)the most common
material. Moderate-temperature thermoelectric ganerworks at 400C-500 Cwith plumbous telluride(PbTe) as
the most common material. Low-temperature thernubede generator works at below 400 with bismuth
telluride(Bi Te;) as the most common material.

2. Transducer
Thermoelectric transducer is the core of thermdeategenerator. There are three types of desigoutation of
thermoelectric transducer:
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1) With power and load voltage to be given quantigsign a thermoelectric transducer working uriderhighest
efficiency.

2) With power of thermal source, thermoelectric eniais and the highest temperature to be giventguyatesign a
thermoelectric transducer of the maximum power waykinder certain load voltage.

3) According to the working temperature at the éott and the cold-end, figure out the parametershef
thermoelectric transducer.

3.Radiator

Thermoelectric generator only converts a small gatage of energy provided by the thermal sourceldotricity
while the rest, nearly 85%, is diffused through to®ling system. The cooling system works in déferways
according to performance parameters or working itimms of thermoelectric generator. Its designaésymcomplex.

3.1 Rib-shapedradiating fin

The calculation about rib-shaped radiating finesywvcomplicated, with the following principles tollbw:

1) The radiating fin should be good at thermal ecatidity. The thinner, the better.

2) The radiating fin and the shell should be mactufiied at one time. If made separately, the twdspasay not
connect well, resulting in poor conductivity. Whemanufacturing these two parts, attention shouldphiel to

tightness.

3) The radiating fin and the shell should be magenfthe same material. Otherwise, due to distihetrhal

expansion coefficients, the radiating fin may geise and fall off from the generator, which wouiflience the
thermal conductivity.

4) If manufacturing permitting, try to reduce thistdnce between radiating fins while increasing nibenber of
radiating fins in order to acquire higher rib effeoefficient.

5) The displacement of radiating fin should notverd it from contacting the moving fluid.

6) The size of radiating fin is decided by rib effeoefficient and structural strength. Attentidrosld also be paid
to power-weight ratio of the generator, power vaduratio, convenience and other relevant factors.sWldn’t

only consider diffusion effect while neglecting etHactors.

3.2 Radiating coating

In real practice, the shell of thermoelectric gewar is covered by a selective coating which isigiesd for
diffusing the waste heat of thermoelectric generassisting heat absorbed from the environmermuitin radiation
or convection, thus keeping the generator at aimgdkemperature. In addition, the coating can gisaect the
generator from oxidation or corrosion.

3.3 Heat Piperadiation

Heat pipe can transport the heat from one pla@mather. Owing to its fast thermal conductivityer is almost no
heat loss, winning it the name of “superconducfdnaat”. Heat pipe is applied to spaceradioisotiy@@emoelectric
generator (RTG). If it is installed on the RTG'sBhib, the temperature at the cold-end can bested. If installed
on RTG’s heat collector, it can better collect tadiated heat and convert it to the heat contligstem. The
high-power thermoelectric generator (eg: type 85B@nufactured by the Global Company is installeth viieat
pipe radiator. Figure 9 shows the structure andingrprinciple of heat pipe radiator [11], [12].
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Fig.9 Structure and principles of heat pipe

3.4 Phase change for energy storage
PCM (Phase Change Material) refers to the materiadse form changes with the temperature and cavideo
potential heat. The process in which PCM transfdinms liquid state to solid state is called phakange process.
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During the process, a large amount of potential wilhbe absorbed or released. Many organic malegxperience
solid-solid phase change below the melting poihis phase has many advantages, such as little ehanglume,
possessing high melting point and no need for sgilerg, etc.

Tongji University developed a composite materiabwanergy stored in nano-graphite. The conductieigfficient
of nano-graphite PCMs is 10 times even 100 timas ¢ existing PCMs. The phase change temperataages
continuously between -40--70°C and the energy @enain reach 150-250J/g. After 1000 times of rdagclonly 5%
suffers performance deterioration.

CONCLUSION

In modern era when green energy and renewable efegome the dominant source of energy, thermaaect
technology will be more and more applied to mamyd. The promotion of thermoelectric technologyaigely
depended on the research and development of méireusp thermoelectric materials. Materials of lownginsional,
gradient change or integrated with several elemeifitsmprove the optimum value of thermoelectriatarials,
which leads the current research.

The temperature-electricity technology can achigaed effect of energy-saving with relatively lowstoRecently,
there are many new concepts and practices springino the thermoelectricity field, including thégh energy
density thermoelectric power generation module cthgeneration system and the heating cycle thecorabustion
system. With the research on thermoelectric mdsegaing deep and the manufacturing technology méag
mature, thermal performance and thermoelectricn@alciyy will be more advanced. Industrial waste amdte heat
from waste incineration will be employed and serf@dmore use. We believe thermoelectric technolaglybring
great changes and innovation to our life.
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