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LEAD INDUSTRIES ASSOCIATION, INC.

292 MADISON AVENUE
NEW YORK 17, N Y.,

March 2, 1962

SUBJECT: THERMOELECTRIC MATERIALS

To Nexbers of the lsad Industries Associstion, Ine.:

We are attaching an informative articls oo thermoelectric
materials, vhich appeared in a recent issue of Msterials in
Design Enginearirg hagarine. It explains the possibilities of
these materials and makes a good casc for lead tellurids., Ve
believe you wvill find {v interesting.

It 18 our plan to distridute the balance of our supply to
pecple visiting our booth &t the Design Engineering Show to be
beld in Chicago's McCormick Place, April 0 to Fay 3, 1962,

Very truly yours,

-———

RLZ:mk Executive Vice President
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Thermoelectric KMaterials Today

New and improved malcrials

-

are bringing thermodectric devieos

closer to commercial f‘mlily.

oy Rebert D, Carltoa, Thermoelectne I'reducte Dept, Appired Rireareh, Minnerta Miniag & MNfg. Ceo.

TUIRMOMIICTRIC MATIXALS have
the ability 19 1) dircctly convert
thermal energy into electrical en
ergy, and 2) tran«<fer thermal er.
crgy by means of an elctric cur
rent. Although thermoelectricity
1» thore than 100 years old, il was
not unti!l the 1940's with the ad-
vent of semiconductor technology,
that its possible uses began to be
realited. Recent materials ad-
vances have enabled engincers to
come Up with many unique and
competitive devices  for power
generation and heat transfer,
Although several different ma
terials are currcntly being used
for generators, Jead telluride (rew
Tatle 1) appears tn be the hes!

TASLE ) —PROPIRTICS OF LEAD
TELLUNINE ALLOVE

Oemuty B 0 |- ¥s )
Tease Shrer ik, pu 1000,
Compretuve Strength pu 1000«
Yowrg t Modvivt, pw 2.30¢
Cowt f Ther £1p per °F ic.108

Lecause of ita high efficiency and
ita low coat. Germanium tellyride
exhibita alightly greater (ffviency
thaa ptype lead telluride, but
when costs are considered the
ratio of power to cost-ei-pourd
i about one mixth thut of lead
telluride. Other compounde such
at orsium aulfide can be operated
at higher temperatures thun lead
telluride but their eMeiencics are
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fower and material costs higher.
Most manufacturers have adopt.
rd Liamuth telluride as a heat
pump material. This is because
bismuth telluride exhibita the
most  desirable  thermoelectric
propertics between =50 and 400
F, the temperature range where
heat pumps are mont widely used.

Cost en important factor

Alihough thermoelectric devices
kave been successfully developed
for many specialized applicationa,
widespread commercial use can
only be achieved if thermoclec-
tricity becomes economically com-
petitive  with  conventional sys-
teme. Thus, materials cast is an

N 1747.01
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Important design factor, us shown
fn Table 2 which coemparcs the
wsts and efficiencies of thermo-
electric gencrator materials,
Note that the figures in the
table reflect only the basic cost of
the clements and do not include
j-rocesang costa, Some of the ma.
terials are mote difficult to procea
than others and this factor will
affect the fininned price of thermo-
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L—=Coacerson ¢fMeiency 13 temprra
ture for typrcal tAermeslectric gener.
atler matermls,

2=FEfrct of deraing levels on prop-
erfis of lead tellunde, ToroSeebert
rec Ko nl re Lemperstury Jor lead
tellurvle comtainrng sodium and lead
sdsle dojang agruta, BuTtUM—rvau-
fiiify €2 (emperatury waing fead
rord.de dopeng agent.

@ . 0@

electric materials. However, on
the basts of anticijuted {mprove-
meita in procemning  techniques,
the dominant cost factor will be
raw malerials cost.

Temperature affects properties

The cfficiency of the thermorhe-
tric material is proportiorsal to the
temprrature diffcrence mcross it,
whereas power ix proportional to

(24 )
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TABLE J~MNOW ¥ LNMOILICTRIC MATENIALS COMPARS
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Conduc. | Temp D’ [Miency Cost, {Mhoerncy Power Cost

atersd & vty Type (_:u'l-! N $ ¢ ContRato  Ritw

Leod Tohwrude (PO 10} 'x 1% 15 LY BN ] el

’ o |1 s | i "
Varganese Teflunde (MaTe) | P 150 1 an (3 IR Y
T At monde (Zasp)y | P 20 (AU T RN 3] ()
Bamth Telunde (b, ley | N 0 Y N N X )] “u
Cormunium Tollunide (Cole) ' P 118 12 % 0 a2
Isdym Aisenide (Iohg) ... N 1510 8 | m 00 T4
Bt Tettande (8,10 P ns $1 109 [ IS )
Cessum Sut-e (Cel) N 2% l 40/ &0 DoQesr i 6

“Cabrulations based o 5oe wf Bilertale In slectrical grnscater Vel would be diferrat i ma-

Wrials wors uead in heat pump

Hireatol practirel trmperstiuie 4ifrioccp sontinlent Wb materiale chemical atabiiity with co

Inctive maistained at 21 7.

At aoMl functha Wwmperstvro of §1 P KBeieney 82T/ 2K,

1Baeed va producting santitien

the aquare of \emperature diiler-
ence, This accounts for the fact
that a materiul with low efficiency
can still have & high goner rating
if it can be operated at a high
cnough tlempetuture. Fig | shows
how conversivn efficiensy of jires-
ent thesmockstric goneralor ma
terials vaticd with ojcrating tem.
perature. The end of each curve
represents the highest tempera:
ture at which the material can
maintain chemical stability,

Althourh efficicncy values as
high as 137, can be obtained with
materials such as lead telluride,
we must remember that these are
theoretical efficiencies for convert.
ing thermal energy into electrical
eneryy. 1n practice not all of the
heat produced by the source flows
through the thermoelectric ma-
terial.  Furthermorr, resistance
at contact points will detract {rom
usalle output poner. Actually, the
highext efficiency we have achired
in a practical device is 857, Thie
value represents true overafl off
cirncy, ie., the ratio of net elec-
tnical output to total thermal
power inpul.

Theoretically, it is possible to
ohtain cfficiency values ad high as
18% by using continuous seg-
menta of different thermoelectric
materials, By joining different
materialn in serics electrically and
thermally it is possible to uee each
material aver the temperature
range where it iz moet effcient.
However, this procedure has its
drawtcks, principally  because
carv it nivded to match the co
«fRcient of expansion of varioue
materials and because diffusion
letwern the materiale can cause
degrudation  Alwn, the technique
fs mare costly and in practice has
widom produced more than & 1477
increase in output,

How performance is messured

In addition to effciency, the
relative merit of thermoekctric
maleriuls Is sometimes ratablished
by a “figure of merit™:

Z~8'/pk.
where S is Seebeck corfficient in
wv/°C, p 13 electrical resiativity in
pohm<m, and K {s thermal con-
ductivity In w/em ™C.
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A high fgure of merit indicates
a yood material for either a heat
gencrator or & heat pump. Be-
caure the three properties in the
cquation xre got completely inde-
pendent, a compromise iy unuaily
tiecessary to achieve the higheat
figure of merit. Each of the prop-
erties is dependent on operating
lemperature. Although temperan-
ture dependency {s not too import-
ant with heat pumpa which usually
operate over a small range of
temperature difference (e.g., 128°
F), it can be an important ma-
terials selection factor for thermo-
electric grnerutors where a tem.
perature differcnce of 800 to 1000°
F ir not uncommen. A materixl
that performs well over one tem-
perature rarge may be completel;
unacceptable over another range.

Concentrated materials develop-
ment in the past decade has pro-
duced dramatic increases in the
figure of merit values for thermo-
electric materiala. As a result of
this progrres some rather extrava.
gant predictions have been made
{or the futare. Figure of merit
values of 0.008 or 0 006 may be
obtained with future n:ateriale
tut we should not expect thesre ac
a certainty. At the present state
of the art we should be rcalistie
and expert normal progress in
proce:sing of present materiale

Three procesung methods

Binary and temary thermockee-
tric materisls can usaally be
formed by casting, cryrtal grow.
ing or fowder preusing tech.
niques. The best method to use de-
peads on cost and performance re-
quirements. The ccaapounds are
somewhat more diffictit to form
than elemental semiconductor ma.
terial Althouxh reasonable puri-
ty Jevels must be maintained
during processing, purity require.
ments are not as high as for ger-
manium and silicon materials uned
in transistors and dioden, In gen-
cral, the state of the art has pro-
gressed to the point where we can

. now eadily produce a material that

Is cheniically stable over itz ¢per-
atiug range ard does not deterio-
rate with time. Recause of their
susceptibility to oxidation, most

Thermoelectric SeNerstors wsc wnique projriics of mats.ials 1o convert heal
mis eloctric porer, Experimintal gea fred gensrator abese producce Jo o
(0 provads poxer i Femete &cvas whkere roaqular clicteicity wvu'd be difirult
and costly te ebtain. Thermodlectrie madulea such na four-slement umit below
an be combined te incriase power, Heat absorded al bat junction jlates
generales powrr in serwaconnrcted thermaclectric element.

[T

——

b 240




L denbl G o oy

e i e w———on
LIA24757
e ik :é_:g..:':., . bk bt P
N SN .- =
How Thermoelectrics Work

The basic phenomena of ther-
moelectneily were discovered in
the 19th century by Thomas See-
beck and Jean Peltier. Today's
thermoclectnic genersiors stem
from the discovery by Secbuck In
1822 that whea the junction of
two dissumilar metals Is heated,
a voltage is produced across the
open terminals which lg propor.
tional to the temperature diffex
.00 between the open terminals
ond the heated junction

Pres.nt day hest pumps stem
from the dircovery by Peltier a
ahort time later that an electric
current flowing acroes & junction
of two dissimilar metals causes

heat to be abuirbed or evolved
at the junction, depending om
the direction of current flow,

Actuaily, thermoelectric gen-
eration and heat pumping are
merely two aspects of the
same phenotoenon. Thermoelecs
tric generstion is an energy
conversion procens and  heat
pumping fs an cnergy transfer
process,

Thermoelectric generstors and
bheat pumps usually operate with
p-type and n-lyps materials
(Note: ntype materials have
concentrations of electrons; p-
type matenals have concentra-
tions of “holes™ or locations de-

voud of elnctrons.) In a thermo-
electri¢ generstor, the tempera:
ture gradient cavses electrons
in the n-type material and hales
in the p-type material to move
toward the cold ends, thus cre-
ating a  potential  difference.
Conversely, in a heat pump,
when an electric current s
passed through o heet absorbing
Junction it is carried by elec
trons |n the a-type material and
boles in the p-type material
These charge carriers both move
away from the juncton and
carry away thermal energy,
thercby reducing tempetature at
the junction.

S

thermoclectric materials must be
hermetically acaled !f they are to
be operated above 500 or 600 F.

Thermoclectric materials are
usually more heavily doped than
other semiconductor materials.
The effect that doping has on prop-
erties is illustrated in Fig 2 which
shows how an increase in doping
level reduces both the resistivity
and Sevbeck coeflicient of lead tel-
Junde. The proper amount of
doping to use depends on the par-
ticular applicatior.. ' a high «mf
and low power are needed, then a
amall amount of doping produces
the best results. If power is more
important, then heavy doping is
of.en morc suitable,

Many methods of contacting

thermoelectric materials to cheir
electrodes are in general use.
Some of these are: casting the ma-
terials on to the electrode; solder-
ing: and use of pressure contact.
Each has its advantages, depend-
ing on the ruaterial involved and
the application. Care is required
when selecting an electrode ma-
terial to prevent contamination
Certain metals, for example, will
react with thermoelectric materi-
als and degrrie their properties
or cause a high resistance contact.

Current uses

The most important advantages
of thermoelectriz devices are their
long life and maintenance.free
operation. In addition to the navel

Distecharnd by

devices shown in the photos, 3N
engineers have also developed:

@ An cxperimental electric peners
ator for satellites and space ve-
hicles which directly converts the
heat of a radioactive isotope into
electric power for communications
® A lighting system for buoys and
other navigational equipment
which eliminates battery systems
by directly converting the energy
from the combustion of natural
gas into ek<trical energ:

@ Spot coolers tocated near the een.
ter of fluorescent lights which cool
a amall ares on the wall of each
lamp bulb, thus maintaining mer-
cury vapor pressure at the opti.
mum value and increasing light
output by as rauch a« 727 .00

LEAD INDUSTRIES ANSOCIATION, ING

292 Madison Avenue
New York 17, New York

Reprinted from MATURIALS 1N DiskeN ENCGINERING, Jawnny 1962 1ine

Reintiold Publishing Corpotation

100 Paek Avenoe. Now Yorh 22 N Y.

hirigd sV | A

Y




