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THERMOELECTRIC PROPERTIES OF LEAD TELLURIDE FILLED IN SILICONE

ABSTRACT

In recent years, much research has been dontesmoelectric materials because of increasingrést in
recovering waste thermal energy. Lead Tellurideedowith Silicone matrix in liquid form was procedsito
molecularly aligned fibers under high-voltage dlfiectield. Electrospinning was implemented in thigoeriment to
make molecularly aligned fibers. The length of thanufactured rod was about 50 mm in length and 1imm
diameter. Electrical resistance and Seebeck comffiof Lead Telluride doped with Silicon matrix reeested. The
electrical property of the thermoelectric Lead tietle mixture follows ohm’s laws. Its resistanceniginsically
related to resistivity, cross sectional area angtle The material also exhibits high Seebeck @mefit. Materials
with such properties can be applied in alternagivergy applications, HVAC and electronics.

INTRODUCTION

About two-thirds of energy input of electricity gamation in the U.S is lost as useless thermal gndugng the
conversion process [1]. Thermoelectric materials affier promising breakthroughs due to their apiti recover
thermal energy and convert it into electricity. Tuéentific discoveries of thermoelectric were nhaifound during
two periods of history. From 1821 to 1851, fundataknof thermoelectric properties were understdoténsive
experiments were done to understand thermoelectaierials microscopically since 1930s [2]. The moips of
thermoelectric materials depend on the SeebeckiePand Thomson coefficients, I1, andt. Thomas Johann
Seebeck discovered the Seebeck effect in 1823. dincait with two dissimilar conductors, a and lack has
different temperatures at junction W and X. If thosvo conductors are p-type and n-type materiaddtage
difference can be induced in the circuit. This efffs called Seebeck coefficient [3]. The equation Seebeck
coefficient iso,=dV/dT under open circuit [2]. If the temperaturejanction W is higher than junction X
coefficient is positive because a thermocouple ablevproduce a clockwise current. The electric ptigé that is
induced depends on the material and the temperaftadient. Hence the equation to calculate the dedu
electromotive force is g= SAT. Sy is defined as the relative Seebeck coefficientvbeh homogenous
conductors, A and B. If more than one pair of cartdis are present, then the equation becomes Exg + Esc =
(Sas+Ssc) AT. Sug is calculated by subtracting om S, [3].

The efficiency of thermoelectric materials is detared by the figure of merit. A figure of merit &quantity
that describes performance of the device. A laigedsionless figure of merit value indicates a gtimmoelectric
property. The efficiency equation is S Z{8*T) / k. s is the Seebeck coefficient. is the electrical conductivity. k
is the total thermal conductivity [4]. The equatiabove shows that the square of Seebeck coeffisieould
increase proportionally with the figure of merib €nsure that the thermoelectric figure of merimiaximized, a
large thermopower which is an absolute value ofSbebeck coefficient S, high electrical conductivit and low
thermal conductivity k are required [5]. Furthemmothe thermal conductivity is increased by addiadume
fraction of fillers to form an interconnected cootiue network [6]. To confirm that the Seebeck €icednt is large,
only a single type carrier should be present. Bibthrged carriers would move to the cold end andealasut the
induced Seebeck voltage if mixed n-type or p-typaduction is present [5]. The thermoelectric pofeetor PF =
S, (Wm'K?) is another wayof determining thermoelectric propeother than Seebeck coefficient. The
thermoelectric power factor is used for applicationenergy generation because it indicates thetigjearof electric
power [7].

Lead Telluride is a semiconductor that hasafritbe best thermoelectric properties [9]. It hadsigh melting
point, good chemical stability [8] [11]. PbTe is eorof the best solid-state thermoelectric materialsd its
temperature range is 323-900 K in energy gener@brt has a narrow band gap of 0.31 eV at 30fe centered
cubic structure (FCC), and large exciton Bohr radju46 nm) which makes an ideal material to obséive
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properties and behaviors under quantum confinew@mditions [9] [10]. By utilizing this materialhérmal energy
can be converted into electric energy. Lead Telkiris used for thermoelectric power thermo-genanafor

temperature range 500-900 Kelvin [11]. The Seelsdfdct is tested in this experiment and it relates electrical
potential difference with temperature changes. fhieemoelectric property of Lead Telluride has aevatrange of
uses. It can be used to reuse waste heat frorgeedition, power generation and electronics cooling.

Silicone matrix is produced by mixing Leadl@igte with Silicone in liquid form. Silicone is keeted for its
low thermal conductivity, low chemical reactivitpédnon-toxicity. Silicones are also very good watgrellent. Due
to its flexibility and impermeability, Lead Tellai®@ matrix in liquid form can be applied on industteat pipes to
recover waste thermal energy. Silicone’s hydroptibpiis caused by low weight molecules in the bofkthe
material that skim up to the surface because dérdifice in diffusion density [12]. Under normalaste pressure,
silicone rubber shows no signs of deteriorationsatid form, Silicone rubber is able to retain watepellency,
dielectric properties and thermal degradation teste [12]. —[Si-O]x- chain segments provide fteity and Si-O
bonds have high strength. Silicones have low helatise rate, and this property provides Lead Teé#uio absorb
heat more efficiently.

Lead Telluride mixed with Silicone matrix was maactiired into nanorods using electrospinning. Adlitjuid
was being extruded out of the syringe, the eledigid continuously bends and stretches the ligntd very thin
shape. An electrical field influences the liquidopliet until it reaches a critical voltage, [13]. As results of
electrospinning nanometer rods or wires have higifase to volume ratio and enhanced strength [13].
Electrospinning is the ideal method to produce iooious nanofibers due to its versatility. Electiogpg is easy to
set up, and fiber diameter is controllable. Thisgesss is used widely in various fields. For theeltgyment of
electronics, catalytic and hydrogen storage syst@ausofibers are manufactured by such process Najofibers
generated by Electrospinning sizes range fromtlesms 3 nm to overm [15]. The process of electrospinning was
first dated back to the 17th century. William Gitbérst discovered Electrospinning in 1600 [16}). 1745, Bose
created aerosol by using high electric potentiah iiquid at the end of a glass capillary tube[1&rd Rayleigh
predicted minimum charge a liquid could carry teemome its surface tension. If the charge is uhstige,
fission takes places and stabilizing effect of acef tension is minimized [18]. John Francis fildg ftfirst
electrospinning patent in 1900 [19].

MATERIALS AND EXPERIMENTAL METHODS

0.8 grams of Silicone was weighed prior to mixiRgwder form Lead Telluride (0.2 g) was mixed witle
liquid form Silicone and transferred to the syringjee volume of the syringe was 10 mL. As illustchin Figure 1,
a syringe pump was instructed to push the liquié abnstant speed of 0.05 mL/min. A DC power supphs
adjusted to deliver 10KV of voltage to the syrirtge The voltage applied in the electrospinninggass is usually
ranged from 10 kV to 30 kV [20]. The metal plataswsed as a grounded collector for Lead Telluftes to
electrostatic attraction, a continuous uniform $mad was extruded towards the grounded collecsotha syringe
pump pushing liquid from the syringe. In this expemt, the grounded collector was a flat rectanguiatal plate.
The grounded collector is also known as the couslemtrode. In addition, other types of possiblernter electrode
are rotating cylinders, disks, two parallel bats,[20]. The Seebeck coefficient of lead tellurattgped with silicone
was measured with an infrared thermometer and a @MIE Electrochemical Analyzer. When measuring the
electrical resistance of the sample, scan ratesgast 0.01 volt/second. Initial voltage was se® &t and final
voltage was 0.1 V. For measuring Seebeck coefficitie electrical potential was adjusted betwedn\0and the
runtime was set as 50 seconds.

RESULTS AND DISCUSSION

From Figure 6-9, the temperature depended Sketmzfficient of lead telluride shows negative Smxb
coefficient which means electrons are the domighaatge carriers [21]. If electrons are diffusedrfrthe hot side to
the cold side, then the material is n-type. In castt electrons tend to diffuse from the cold s@#he hot for p-type
materials [22]. A large Seebeck coefficient reggitiee material to be only a single type of carfixing n-type
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and ptype will cause both charge carriers to be moveth#&cold end and cancel out the induced voltagg
Seebeck coefficient is calculated by the 1 between the voltage different induced by the maltemd temperatui
gradient. Furthermore, S =AV/AT. Since Seebeck coefficient is temperature degmndseveral runs
measurements were performed. Figu-9 illustrated the Seebeck coefficient oktthermoelectric material wi
measured at 319K, 321K, 325K and 331K. The matdriathis experiment exhibits high absolute Seet
coefficient values. The Seekbeck effect is direcdiated with the concentration of lead telluridethe silicone
rubber matrix. However, the flexibility of silicone will écrease as a compensation for increasing leadidell
Proper Proper concentration of lead telluride wassiered prior to the experime

Figure 2 and 3 showed the relationship betweenage and current. A CHI 600E Electrochemi
Analyzer was used to supply an increment voltag8.001 from 0 to 0.1 V When current is zero, thétage is
relatively high. Hence, the material behaves like ogen circuit. As current increases, the eled potential
decreases as shown in Figure 3. In this case, #teriml behaves like a close circ

Since silicone matrix has the potential to be uasdan insulator for the thermoelectric materialeduhate
measurements of electrical propertief such material are indispensable. The other redspresting electrica
resistance was that electrical resistivity was ohéhe factors that determine the figure of mefite equation o
electrical resistivity is R *L/A. The length of the manufaured rod using electrospinning was measured &
mm and the diameter was measured as 1 mm. Dueetdattt that the highest electrical resistance &f
thermoelectric Lead Telluride measured was 5.9'° ohms, the electrical resistivity was calculato be 9.31*18
ohm*m. One of the reasons for selecting silicortgbar is because of its hydrophobicity. Hydrophadbics relatec
directly with current leakage [24]. Thus, silicongbber functions as an insulator for the seebedficeent
experiment. Iraddition, insulators generally have high seebedifimients

Lead ¢elluride doped with silicone exhibits enhanced ®e&bcoefficient and significant increase
resistance. This is due to Silicone’s low thermahductivity and low chemal reactivity. Electrons cannot pe
through the lattice structure as easier as othparstypf materials

o Swpply o
EvrnzePunp
. “\

Figure 1. Experimental setup diagram. The syringetip was connected to the power supply which delivered
10KV of volrage. Dueto electrostatic attraction between the syringetip and grounded metal plate, arod was
extruded.
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Figure 8: Seebeck Coefficient 325 Kelvin Temperature Gradient
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Figure 9: Seebeck Coefficient 331 Kelvin Temperature Gradient

CONCLUSION

In summary, this experiment investigates the thetewiric property of lead telluride doped with @iihe matrix
under electrospinning. The material exhibits higBeebeck coefficient and shows larger electricsistance. Thi:
is due to the fact thatili®#one rubber functions as an insulator. The migtshowed high Seebeck coefficient va
The results showed significant increase in Seeleelfficient because of silicone rubber’s hydroplodibility to
inhibit current leakage. The loss of hydrophity of silicone rubber will result in a conductiveater film being
form on the surface [24]. Leakage current is thevitable loss of the current under high voltagee Bther set o
experiment tested electrical properties of thistarec The highest ectrical resistance measured was 5.9°
ohms. Hence, the highest electrical resistivity walsulated to be 9.31*105 ohm*m. Since majorityted energy ir
industries are lost as waste, Lead Telluride'sristc properties can offer promising potels in the development ¢
thermoelectric.
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