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ABSTRACT

This research work reports about the energy conversion characteristics of
advanced thermoelectric materials like Platinum, Rhodium, Constantan,
Chromel and Alumel (of typesB, E, R, K and S) in the influence of applied
electric field dynamics. These kinds of the materials are generally taken as
the temperature measuring tools in the critical molten states of certain
materials and other high temperature conditions. But here, their response
only to Seebeck effect is analyzed as the functioning of thermo generator
elements. This is an approach of their use in those conditions where the
waste heat isavailablea ong withthe electric fields. The generation of thermo
emf isinvestigated in the normal modeto the temperature range of 330°C and
then compared with their similar performances under the effect of applied
electricfield in various orientations (parallel & perpendicular) for different
magnitudes at the same temperature range.
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INTRODUCTION

Intherecent yearsenergy crissintroducesalarge
number of techniquesand materiasdueto their energy
converson efficiencies. Dueto environment issueslike
globa warming, freefrom pollutants and toxic materi-
a sthethermod ectrictechnol ogy becomesvery advan-
tageous. Thethermoel ectric generatorsaretaken asthe
energy tool of green technology. Thermoel ectric devic-
esbecomes more popular from thelast decadesin do-
mesticandindustria areasdueto their smpleand safe
Size, easy operation, environment friendly natureand
religbleinal conditionsand their position independent

nature™3, Magjority of theelectrical and electronicin-
srumentshavinglow efficiencies causesalarge content
of input asthewasteheat. Thelow and high gradewaste
isavailableindl thedomedtic, indugtrid, technica and
engineering fields. Thewaste heat energy can be con-
vertedintoeectrica energy with theutilization of ther-
mocouples; an assembly of dissimilar thermoelectric
material 934, Thewaste heat in vehicles can berecy-
cled by itsconversion with the appropriate design and
sizeof thermoel ectric devices asthey extend from mi-
croto macrodimensions. Thecooling of car seets, heet-
ing of residentia systemsand refrigeration are major
applications on these days®>®. The semiconductor


mailto:ssverma@fastmail.fm

MSAIJ, 11(11) 2014

Jaspal Singh and S.S.\Verma

365

FUll Seale 4347 cts Curscy 0.000 hey)

Fidl =Cale 4347 1z Curgar, 0000 k|

—== Fyf] Paper

Ful Scalz 42347 cts Cursar: 0020 kgl

:B 2 + E B 10 12 14 18 1B 20
Ful Scale 4347 cig Curgor: 1000 =

U T T T T T T
o 2 4
Full Sealz 4347 ofs Qupsor 0000

Figurel: XRD compostion analyssof Type-B, Type-E, Type-S, Type-K, Type-R ther mocouples

materidslikeBi,Te, and Pb, Te, areknown asthe bet-
ter thermoel ectric dueto their improved figure of merit
and energy conversion characteristics. Nowadays, the
researchers oriented on these materialsin some ad-
vanced erafor theimplementation of better thermo-
electricdevices™®.

Selection of thermocouples

Thethermocouplesof typesK, E, B, Rand Swhich
arethealloysof Platinum, Rhodium, Chromel, Con-
stantan and Alumel are selected herefor thegeneration
of thermo emf. Infact thesethermocouplesare used as

thetemperaturemeasuringtools (RTD) inavery high
temperature range®'%. But herewe areinterested to
investigatetheir energy conversion efficiencies™ from
theresponse of Seebeck effect. TheElementd Diffrac-
tion Spectroscopy (EDS) studiesof al thermocouples
arealso carried out!*? and showninFigure 1.

Nor mal mode

Thismodeindicatesthenorma conditionsinwhich
thermocoupl eexperiments are performed for the gen-
eration of thermo emf. Thisisamodewhichisfree
fromall externa parameters. Thismodeplaysasgnifi-
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cant rolefor theinvestigations and comparisonsof the
applied e ectric and magnetic field modes 213,

Electricfield dynamics

Thedectricfiedaso hasasignificant effect onthe
thermoe ectric properties' 1, which directly affect the
magnitudeof Seebeck coefficient. Inthisresearchwork,
weapply thedectricfield strengthsin parale and per-
pendicular orientations by the different potentid differ-
ence magnitudesi.e. 4V, 8V and 12V to seek the ef-
fectson thermo power, which my resultsto improve
thefigureof merit. Thedectricfieldfor different poten-
tial difference strengthsisshownin TABLES1and 2.

Per for mance of thermodectricmaterials

The performance of thermoel ectric materialscan
be expressed by:

TABLE 1: Srength of applied electricfield (Per pendicular
orientation)

Sr. Applied Potential Strength of Electric
No. Difference (Volt) Field (V m™)

1 4 22.2

2 8 44.4

3 12 66.7

TABLE 2: Srength of applied electricfield (Paralld orienta-
tion)

-
T

&

Z:RE @)

WhereZ isthefigureof merit of thethermoelectric
material and a is the Seebeck Coefficient!*®! given by:
A
= @
Intheabovereations R isthe Specific Resistance

and K isthetherma conductivity of thematerid. For a
thermocoupl ethefigure of meriti*”l can begiven by:

a=

[Ep—Ep]"

=

£ lpada)* 34 (oplp) 32 ©
Here o, and o, arethe Seebeck constants of two ther-
moelectric materials; p , p, and 2,1, arespecificre-
sistancesand therma conductivitiesof thethermoelec-
tricmaterid srespectively.

EXPERIMENTAL PROCEDURE

Normal modeset up

Electric furnace and fresh tap water respectively
obtain the heating and cooling arrangements. Thedigi-
tal multi-meter of HP 34401A isused for thermo emf
and other measurementswith an accuracy of six deci-
mal places.

M easur ement of physical parameters

Sr. Applied Potential Strength of Electric _ )
No. Difference (Volt) Field(V m™) Thephysical parametersof al thethermoelectric
1 4 10.7 materialsaremeasured by thedigital multi-meter of HP
2 8 21.3 34401A isused for thermo emf and other measure-
3 12 32 mentswith anaccuracy of six decimd places. All these
TABLE 3: Physical parameter sof all thermoelectric materialsfor considered ther mocouples
. Area of Cross . e Electrical
S. No. Material Length (m) Section (m?) R(Q) Resistivity (Q m) Conductivity (Sm™)
Pt 80x1072 3.2x107 0.175 7x10® 14.3x10°
1. TypeS 2 7 8 8
Rh-Pt 80x10 3.02x10 0.179 7%10 14.3x10
Chromel 80x1072 3x10” 0.288 10.8x108 9.3x10®
2  TypeK 2 7 -8 -8
Alume 80%10 3x10 0.220 8.3x10 12x10
3 TvoeE Chromel 80x10 1.02x10”" 0.501 6.4x10® 15.6x10®
yp Constantan  80x107 1.02x107 0512 7%10°® 14.3x10°®
Pt 80x1072 3x10” 0.350 13x10® 7.7x10°®
4 TypeR 2 7 8 -8
Rh-Pt 80x10 3x10 0.421 15x10 6.7<10
Pt 80x1072 3.42x107 0.224 9.6x10® 10x108
5 TypeB 2 7 -8 -8
Rh-Pt 80x10 3.42x10 0.240 10.3x10 9.7x10
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Figure2: Showsther mo-emf generation asa function of temper atur edifferencefor nor mal mode

measurementsarementionintheTABLE 3.
Applyingdectricfied

Theedectricfiedisappliedinparalel and perpen-
dicular orientationson the sel ected thermocouplewith
the help of two aluminum plates (25cmx22.6¢m) of
parallel plate capacitor set up. The parallel and per-
pendicular orientations arejust the configurations of
applied field and thermocouple. Thepotential differ-
ence applied for both the orientationsis 4V, 8V and
12V. The separation between a uminum platesfor par-
allel and perpendicular orientationis37.5cmand 18

cmrespectively
RESULTSAND DISCUSSION

Normal modeinvestigations

Inthismodethethermocouplescanbeeasily clas-
gfiedfor thegeneration of thermo emf. Inthismodethe
thermocoupl esof type E isbest amongtheall because
it generates maximum thermo emf for the entire tem-
perature range. Its maximum thermo emf at the maxi-
mum temperaturegradient of 295°Cis11mV; whereas
for the minimum temperaturegradient of 15°C isabout
2mV. Thiscan be expected asthe performance of Fe
and Ni whicharetheferromagnetic materidsalongwith
the paramagnetic materids (Al, Cr) it can beandyzed
fromtheelemental diffraction spectroscopy peaks of
type E thermocouple. The second classthermocouple

isthe TypeK thermocouple, for which the maximum
and minimum thermo emf generationsare6mV and
0.4mV for themaximumand minimum temperaturegra-
dientsrespectively. Thiscan beviewed asthe Seebeck
response of non-magnetic materials. Thenorma mode
behavior of dl thermocouplesisshown Figure 2.

All the other thermocouples (of types B and R)
having low emf generationsat all temperatures. Their
maximum thermo emf magnitudesareonly intherange
of 0.5mV corresponding to the maximum temperature
gradients of 295°C. This meansthe response of non
magnetic materia s (Pt, Rh, Cand O) isleast ascom-
pared with the magnetic materias. Thetype Sthermo-
coupleisan alloy with the contents of ferromagnetic
and paramagnetic materials (Ni, Cr andAl) showsthe
weak responsefor emf generations.

Influenceof electricfied
Parallel eectricfield mode
Applied potential differenceof 4V

Thisisthecaseof applied electricfield of magni-
tude 10.7 Vm. Inthismodethe performance order of
thermocouplesisType E > TypeK > TypeR>Type S
and B (Figure 3(a)). Themagnitudeof maximum ther-
mo emf for thefirst threethermocouples (E, K and R)
isabout 11mV, 3.6mV and 1ImV respectively; whereas
fortypeSandB itlimitsonly to 0.5mV at themaximum
temperaturegradient of 295°C. Thebehavior of typeE
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Figure3(a) : Showsther mo-emf generation asafunction of temperaturedifferencefor paralld electricfield of 4V
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Figure3(b) : Showsther mo-emf generation asafunction of temper atur edifferencefor paralle eectricfield of 8V
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Figure4(a) : Showsther mo-emf gener ation asafunction of temper aturedifferencefor perpendicular electricfield of 4V
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Figure4(b) : Showsther mo-emf gener ation asafunction of temper atur edifferencefor perpendicular eectricfield of 8V
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thermocoupleisnot linear with thetemperature varia-
tionsascompared to dl other thermocouples.

Applied potential differenceof 8V

The corresponding dectricfiddisof themagnitude
of 21.3Vm™. The performance order issameasof the
4V but the emf magnitudes decreasesthan that case.
Thefirst rank thermocoupl e of type E generatesonly
6mV maximum thermo emf at themaximumtempera-
ture gradient; whereas type K and R limits only to
4.2mV and 0.8mV respectively at the sametempera
ture difference (i.e. 295°C). But thelast rank thermo-
couples (type Sand B) generate only 0.6 mV thermo
emf asthemaximum vaue (Figure 3(b)).

Applied potential differenceof 12V

Atthispotentia differencetheéectricfield gpplied
is 32 Vm™the exact order of the performances of
thermocouplesisTypeE > TypeK >TypeR >Type S
> Type B which generates the maximum thermo emf
8mV, 3mV, 0.5mV, 0.4mV and 0.2mV respectively at
the maximum temperature gradient of 295°C (Figure
3(c)). Thebehavior of al thethermocouples except of
typeEislinear.

Perpendicular eectricfiedld mode
Applied potential differenceof 4V

For the4V gpplied potentid differencethestrength
of dectricfiedis22.2Vm?. Theorder of performance
for maximum thermo emf generationis TypeE > Type
K > Type R > Type S and B (Figure 4(a)). For the
thermocoupl eof type E maximum thermoemf is5.7mV
only whereasitis11mV inthe parallel mode of 4V
applied potential difference. Similarly for thetypeK
andRit reducesto 1mV and 0.2mV respectively cor-
responding to the maximum temperature gradient. As
of the previousmodethe Sand B type thermocouples
again showssame performanceof 0.1mV; whichisless
thanall of theparadle modes. Thetype E thermocouple
having largevariationsin theentiretemperaturerange
but dl theother isinalinear manner.

Applied potential differenceof 8V

For this8V applied potentia differencethe magni-
tude of eectricfiddis44.4vVmrt. Theorder of thermo
emf generationsissameasof thepreviousmode. The

first three ranked thermocouplesof TypeE, K andR
generates8.4mV, 1.1mV and 0.2mV asthemaximum
thermo emf at the maximum temperaturegradient re-
spectively (Figure4(b)).; whichisenhancedfor typeE
thanthe4V of perpendicular mode. The other thermo-
couplesof type Sand B againlimitsto maximumemf of
0.1mV. Thevariationsarelessin thismode as com-
pared to al of the previous modes.

Applied potential differenceof 12V

Theapplied dectricfieldis66.7 Vnrtand theor-
der of thermo emf generationsisdightly different from
all theother modes, that isTypeE > TypeK >Type S
>TypeR and B. Thevariationsfor type E thermocou-
plearea so reduced. At themaximum temperaturegra:
dient of 295°C themaximumthermo emf isSmV, 1.4mV,
0.2mV and 0.1mV for the abovethe order respective-
ly (Figure4(c)). All theother corresponding resultscan
be compared fromthegraphical data.

CONCLUSION

Thermocouplesof type E (Chromel-Congintan) and
K (Chromel-Alumel) arethe two better thermocou-
plesnot only in normal mode but alsoin both orienta-
tionsof applied el ectricfield. For type E thermocou-
ple; themaximumthermo emf is11mV a themaximum
temperaturegradient (innorma modeand 4V Paral€l)
butitisonly 5mV for the 12V of perpendicular eectric
filed mode. So the energy convers on characteristics of
ferromagnetic materials (Feand Ni intype E thermo-
couple) are better than any other thermocouple. Hence
thisresearch work isableto providethemerit of RTD
(Resistive Temperature Detector) materid sasthether-
Mo generator e ements.
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