4

E
5

',,._..V-,,..._-. ~

T LIA15616

ﬂlEM_LECE?Q FOWER FROM LEAD -.!AT'S FRACTIGA_L? WAT'S POSSTBLE?
By Edward O, Abel- :
Minneosots Minin~ & Mfg. Co
Thermoelectric Products Technical Service
As presented at the 34th Annusl Meeting
of the Lead Industries Association, Inc,

on April 11, 1962 = Chose Park Flera
Hotel - St. Llouis, Missouwri

There has been much conversstion in newspapers and trade jourmmls
about exciting developments in the exotic and nonconventionnl new fislds
of powsr gensration. Mot the least of these has been the fleld of therwo-
electricity, Kew Product miblicity psople are performing a2 valuable service
to the public and to industry by keeping thea informed of new technical ad-
vances and products, Sometimes, however, the semantics used in their stories
are deceiving., Like an April Fool®s Day chocolats, what they hold out to
you looks delectablessebut you had better not bite into it too deeply, be-
cause 8ll is not what it appears to be on the outside, It pays to know what'e
inside, and to know what to lock for or expect wher you bits into these newsy
tid:its. Readers see in an article the things they would like to see, per-
taining to thelr own interests. As suppliers to the new therwcelectric ef-
fort, you too, view these articles in the light of your own interests. You
no doubt wonder how much of this 1s sweet and nourishing and how mxch 1s
soft sosp. 1 suspect that 1s why you have ssked me here today., 1f that is
80, I will try to give you something that is at least digestible,

First of all, Thermoelectricity is here to stay. There have been and
still are meny knotty problems involved with 1ts development that hinder its
fast rise to prominence. Slowly these knotty problems are being untied...or
at least loosened. The loosening of one knot, however, does not constitute
8 bruskthrough (s some sarticles suggest), becauss there are more knots still
in the wy. One of the biggest problees 1s that sometimes in the loosening of
one knot, others become tighter., Sume of our knotty problems are connected

with the improvement of thermoolectric material chiracteristics. Unfortunately,
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—e.. thess desirsble charscteristics camnet be independently optimined, -These ——---— -
dosirsble materis)l characteristics are such things as =
1) High Sccbeck coefficient { 200uv/*C)
over large tempcreture renge

2) Low electrical resistivity

3) low thermsl conductivity e

4) Mechanical strength

5) Mechanical and thermsl shock resistance

6) Ohemical stabllity

7) Llow vepor pressure
8) Low coefficlent of expensioa
9) Low cost
Mﬂ’omismofmumw",h-bwyaomam
desirsble charscteristics into one meterial as nature will 2llow.
Fortunataly, we do not have to weit until all of these problems are
solved before we make prectical use of thermoelectricity. Each aocomplish-
ment extends the outwerd limits of use, sllowing us to bulld snd market
devices within those limits. The scceptance and success of these devices
are dependent entirely on the optimization of these materisl parsmeter
velues, plus the design and production technology smployed to give the
highest degree of efficiency in the end product.
Spesking of efficiency, hers is slso 8 term by which one can easily
b; misleds The uswal question asked by most people is...How sfficient
§s this thermoelectric device? A simple anewer is not easy to giveses
unless the person is familiar with what is meant by "efficlency”s In
simple terms, "efficiency” is sn expression showing "what you get® for
*whst you pay for”. This sounds sisple enough. Now then, how “efficlemt®
is » thermostlectric generstor under todiy's state of the art? Fig. 1 4s




- slaple schemstic diagrea of & typicsl thermoeleotric gonerstor with e — - ——~—~ —
heat source on ono side, 8 heat sink on the other side, and a benk of

thermoelectric metarisls in between, housed in 8 heat exchanger. To
detarwine the efficiency of this generetor, we must compere “what wm
pot out® = glectricity, with “what we put 1n® = hegt. There are mny
ateps to conslider in this compazison. . . Sl ey T

-

7 (etfictency) = Sutymgetouw® - T~
“what you put in° .

Sombustion efficiency of the burmer ,

7’- ~ we = “lm”o
fu-linwt(m’

Heat trengfer efficiency of the heat exchengez

U mm{:m} = 70X eppro.
Heat in (wmtts

Copversion efficliency of the thermoelectric mterials

ne= nmsx_%a_(s’sm' 13X approx.
heat in (wmatts

Conversion efficiency of the voltage converter (when used)

'I'mﬂ.{zﬁ% = 85X approx.
power in (watts

Overall efficiency of the generstor

) =
’.‘:.‘,,7]¢" TL: Na 7]'%‘

-

Niovers1l) = 60X x 70K x 13X x &4 = 4,68
)], (Carnot etficiency) = T - 1o

vhere I), = tesperatare of the hot side
Te = tempersture of the cold side

In comnection with materials efficiencles, if saterials research men were

able to make & "perfect® thermoelectric miterial, its efficiency would be

determined by the laws of thermodynamics as a heat engine. At typical
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" opersting temperatures for present day matorials this would be & meximm
of 3L, By comparison, thr stesn turbine power plant produces electricity
at 25X to 40X, An incresse in any ono of these efficiencies will improve
the useful efficiency of the device,
1ot of room for improvesent,

Thermoclectric generstors are by no meens isprectiesl at thh

It 1s easy to see that there $s 2

state of the art. There are many spplications where higher efficiencles
are not isportant, but shere lower cost and extended 1ife are important.
CGeneretors even in the lower renges of power, have msny vses, vhere &
selisble continuous power source is noeded in remots areas.

The greph in Fig. 2 indicates the relstive position of themmo-
electric generators with respect to batteries or engine generstors. 1a
the 100 mw to the 100 mtt renge, thermoelectric generators enjoy a8 favec~
able position in teres of cost per kwh.

Our company his now introduced to the market a product line of
such portabla gas fired thermcelectric generstars which have beea on
display, These are 12 volt IC generstors, renging in powsr up to 15 wtts.
Yet t> follow, hopefully this year, are a 30 and a 60 matt model. A proto-

type 250 watt model has already been completed.

Some of the proposed uses for these germrators are shomn in the

(See 115t in Addends)
These applications arc real for todey. Yet in development for

following applicationss

tomorrow, 1s 8 thermoelectric gas centrel heating furnace, which will de~
velop all power noeded for operation of its own controls and air circulating

system. This progrem is bringing sbout a trend toward low cost, reliable,

mess producille generator modules, such o3 thoss shown in Fig, 3 dlagrem,

Once completed, theoe types of module structures should be applicable to

any gas burning applionce that nceds elcctricity to cuag.lete Ste function.
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o= == - ~-—— Today the price of portable gerwretore {(rom pilot plant pre= ——-—— — - .

duction) 1s about 330 » watt size. Just three years ago these same
generators would have cost 33000 8 watt. Adwnces in seterials and de-

ey

sign technology have brought sbout this reduction, Mass production will
lower this figure in the future to $10 a watt. The ultimete gosl of our ]
furnace generetor progream {s to lower this figure to less than $1,00 per

wmtt, by the modular approsch. Surely, if one ean project the growth rete
of the last five ysars for the next five years, 1t is not st sll unreason-

able to foreses the beginning of a widespresd use of therwoelectric powsr

in such things as home sppliances. A thersocelectric suxilliary powsr
plant for domestic loads would offer & degree of relisbility heretofore
unkhown,

There are still some p:ntty.tm#: *knots® left to untie befare this
becomes & reality o.. higher miterials efficiencies, grester stabllity for
higher temperstures, greater mechanical strength, to reme a few, There is
no magic by which this will be sccosplished, except by persistent and con-
cantrsted effort = the same type of effort that has adwenced the state of
the art to its present position.

It 1s very difficult to predict what this might msen to you in
the Lead Industry. All of the devices we have made and are mking use
lead. Our thermoelectric materisl is lead telluride, which §s etill todey
the most commonly used materisl. .

Perhape we can portray this sarket potential by some suppositions.

The maximum annus} supply from presently aweileble sources of
tellurium s purported to be in the meighborhood of I™ tons. Suppose
that the total output of tcllurium were used to make lead tellurids. Since
lead telluride s mide up of approzimitely 38X tellurium and 62X lead, 612
tona of lead would be noeded annually, Howover, there are other telluride
thermoelectric miterials made and used that do not eaploy lead. Conversely,

sone are sude of lead in conjunction with materisls other than tellurium.
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“ Materisle for thermoelectric oooling use tellurium but no lesd at slle -

The present output of tallurium would not necessarily consti-
tute » limit to the mnufactuze of thermoelectric meterisls. Surely an
incresse in denind would stimulate a search for sdditioml sources and

‘added reserves of tellurium, In snticipstion of this, work is alreedy
undervay by the Government snd stme privetes conoerns to uncover addition-
8l ressrve sources.

Othar promising non leed metallic compounds are ocertain to take
their place slong with lead in the production of thermoelectric devices,
1t 1s impossible to predict which materisl will assume the role of mjor
isportance in the future, At thia point the crystal ball is very unclear.
Surely, lead in the pure form that 1.t has been supplied, has played a
most proainent part in the development of thermoelectricity. It wmn =
doubtedly will continue to do 80 for s long tims to come.
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{Autos, trucks, trectars, engine
powared equipment, camp & trevel
treilers)

Battary charging

Clearsnce & mrking lights
wtsr pressure pumps
refrigerstion

two wy redio power

mergency uming ught flashars

—AVIATION

= Remots airstrip
beacon flashers
communication
engine starting battery
ms intenance
= fjountain top beacons
« Elevated structure clnmnu
lights

—SOMNICATIONS

« Forest rengers
fire towar trsnsceivers
fire fightars portable ar
moblile sets
= Talephones :
portable temporary phone booths
linemn signal generstors
substation standby power
= Microwsve station standdy power
Civil defense emsrgency
= Wilderness outposts
mdning
cattle zenge
aissiomry

_COSTRICTION

= Field comunications

= P systea amplifier

= Rechirge source for battery
’ powered tools

« Ventilation fanpower

« Detour marming {lashers

DATA RECORDING & TELEME TERING

Remots dats gathering
westher stations
tempers ture
reinfall
wind direction & welocity
parometric pressure
Field scientific xessarch
801l bacteriology
forestry
atmospheric (balloon flights)
seismographic
redlation
Geophysical surveys
watershod studies
lake and mmterwsy levels
Civil Defense
redicactive fallout levels
Pipelines

volume, pressure, flow

MARINE
Battery chargers
Emergency starting bittery maintenance
Emergency comsunications power
Standby power for shipboard mavigation,
running, or snchor lights 1
Towed vessel running lights i
Power for ventilation of boat at anchor
Cathodic protection of hull
Security alarms (burglar, fire)
channel mirker buoys
Standby emergency power far commni-
cations on "Texas Tower" type
installations

ML
Caboose commnication power
Emergency maming signals
Switch heais: wvutrol o wr

_RECREATION

Portable rsdio & TV

Sportsman heater - generator (fish
shanties, camps, otc.)

Barbecue spits

Outdoor PA systems(field sports
events, group picnics, public
gétherings)




Remote building security
burglar alarms
fire alarns .
torperature wonitoring devices -
Electric stock fences :
Controls systems power
Self luminous signs
Cathodic mhm“ . T L Tl e,
pipelines C
oil wells
silos
Traffic control signals
Blower power for air supportsd bulldings
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THERNCELECTRIC COUPLES
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100.00

10.00

1.00

Cost ~ Dollors /Kilowolt Hour

Thermoslectric
Generators

Gosoline Engine
Generators

\\
“ Primary Batteries
\ X : / Engine Gen.~ Totol Cost
\\ ]

T.E. Gen.~ Total Cost

T.E. Gen.- Projecied Total Cost
Amortization (Based on 10yr. Life)

__Fuel Cost (Propane at $0.15/gal)

Moint. Cost (At $0.10/hr.)

Amortization (Based on
1yr. Life)

Fuel Cost (Gasoline
at $0.20/9d.)

0.0
"\C Utilifies (Not Inc. mstallation)
0.01 | | 1 1 |
T I0mw 100mw 1Ow iOw 100w | kw 10kw
Roted Power
Figure 2. A rough comparison of the cost of various power sources,
. . operating continuously. ‘ .
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