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Lead telluride type semiconductors are used in the fabrication of thermoelectric modules

currently emploved in a number of U.S. military applications.

This report covers a

programne of research.undertaken in the Department of ?hvsics, Electronics and Electrical

ingineering at UWIST, Cardiif, during the period 1 October 1986 to 30 September 1987 to

produce materials based upon commerciativ—available 163ad telTufIde type material
(specifically identified as 3P) with improved figures of merit and herce greater thermo-

elecnric conversion efficiency.

Jne way of improving the figure of merit is by reducing the lattice thermal conductivity

>f the material.
to increase phonon-grain boundary scattering.

?hSnle and used to investigate the dependence of the lattice thermal conductivity on grain
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e and level of doping. In extending the abalysis to 3P material it is assumed tnat

i oresence of small amounts of Mn (3.455%) and Na (0.473%) does not siznificantly

ange the disorder parameter appropriate to PbSnTe and consequeqtl" the reduction ia the :
4at**ce chermal ;onduct’v1tv due to pnonon-grain boundary scattering. In optimally loped i
)macer’al \‘O~ 52102 3373) with a grain size of around 0.5 um, the reduction in lactice !

tiz
thermal conductivity compared to equivalent single crvstal material was estimated o He .
about 12 percent. i

in
attempt to improve the thermoelectric figure of meritc. As-compacted materials exhibit
electrical and mechanical properties which are inferior to single crvstal counterparcts.
Annealing compacted samples at 7009C for over 2 hours under pure ArZon at an overpressure
OL <43 p.s.i. resulted in power factors approaching single crvstal values.

The behaviour of the electrical properties of compacted material is verv relevant in any

Thermal diffusivity measurements on small gain size compacted 3P material indicate that

the reduction in lattice thermal conductivity is more than double that predicted bv :the
theoretical model and is comparable to the reduction reported Zor silicon germanium allovs.
The measured electric power factor values do not appear to decrease with a reduction in
igrain size. Consequently, the thermoelectric figure of merit of small grain size 3P
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%ompacts { 5 wum) is about 30 percent greater than for coarse grain materials (25 - 60 um).
A reduction in lattice thermal concuc*lvxt/ of this mag ﬁltuae was unexpecred and the —~ —'l
%esults, if substantiated, would constitute a very significant improvemen: in the thermo-

glectric properties of materials based upon lead telluride. TIndependent measurements ' \
the thermoelectric transport properties Of large grain size compacted material are in

ood agreement with UWIST data. The discrepancy between the predicted reduction in

e lattice thermal conductivity with decrease in grain size and the measured reduction

v be due to shortcomings in the thecretical model for the 3P allov, with some inappropriate

sumptions being made during its formulation. '
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There is no e2vidence at present to suggest that the measurements on the smail grain size
materisl are unreliiable; comsequently, it is concluded that the thermoelectric figure of
merit I 3P merarial can De suvstantially improved v emploving small Zrain size comuacs
material. '




ABSTRACT

“Lead telluride type semiconducters are used in the ranrication o
thermoelectric modules currently emplcyed in a nusier c¢r US nilitary
applicaticns. This report covers a programme of research undertaken in the
Department of Physics, Electronics and Electrical Engireering at UWIST,
Cardiff, during the period 1 October 1968¢ to 30 September 1987 te prouuce
raterials based upcn comnmercially available lead telluride type raterial
(specifically identified as 3P) with iaproved figures of merit and nencze
greater thermoelectric conversion efficiency,.

Cre way of improving the figure of rmerit is by reducing the lattice
thermal conductivity of the material. This can be achieved by employirg
very small grain size material in order to increase phoncrn-grain koundary
scattering., A realistic model has been developed for FPkSnTe arnd used tc
investigate the dependence of the lattice thermal conductivity on grair
size and level of doping. - In extending the analysis to 3P material it is
assumad that the presence of small amourts of Mn {5.4£5%) and Na (0.475:)
does nct significantly change the disorder parameter appropriate to PhSnTe
and consequently the reduction in the lattice thermal conductivity due to
phenon-grain  boundary  scattering., In optimaily doped material
(109%~10%*m™%) with a grain size of around 0.5 um, the redustion in
lattice thermal conductivity compared to equivalent sirgle crystal
material was estimated to be about 12 percent.

The behaviour of the electrical properties of coapucted material is
very relevant in any attempt to improve the thermcelectric figure cr
merit, As-compacted materials exhibit electrical and rmechanizal
properties which are inferior to single crystal counterparts., Annealing
compacted samples at 700°C for over 2 hours under pure Argon at an
overpressure of 45 p.s.i. resulted in power factors approachingy sinyle
crystal values,

Thermal diffusivity measurements on small gain size compacted 3P
naterial indicate that the reduction in lattice thermal conductivity is
mcre than double that predicted by the theoretical nodel and is corparakle

to the reduction reported for silicon germanium alloys. The measured ~ )
electric power factor values do not appear to decrease with a reducticn in,x l
grain size.( Consequently, the thermoelectric figure of merit of srnall ""}5;'"”{
grain size 3P compacts (< 5 um) is about 30 percent giuater than for :
coarse grained materials (25 - 60 um).

A reduction in lattice thermal conductivity of this magnitude was
urexpected and the results, if substantiated, would cemstitute o very
significant improvement in the thermoelectric properties ¢f materials
based upon lead telluride. Indep ndent measurenents of the thoracelestric™
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transport properties of large grain size compacted material are irn ooz
agreement with UWIST data. The discrepancy between the rrediltes
reduction in the lattice thermal conductivity with decrease in grain cic
and the measured reduction may be due to shortcomings in the thecreticsl
model for the 3P alloy, with some inappropriate assumptions teing @aa

during its formulation,

There is no evidence at present to suggest that the measurements n the
small grain size material are unreliable; consequently, it is conzludod
that the thermoelectric fiqure of merit of 3P material can k-
substantially improved by employing small grain size compacted material,
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l. LIST OF FIGURES

Figure 1. Plot of iy(sintered)/);(single crystal) rcr a Rignly disiriacros
alloy of Head telluride as a function of grain zize and level
of doping.

Figure 2. Plots of the thermoelectric figure of rnerit 2 tor a1 nigniy
disordered alloy of lead telluride with three di
concentrations as a function of temperature.
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Figure 3. Reduction in the lattice thermal conductivity ¢f Prle-Iile at
300 K with decrease in grain size,

Figure 4. Dependence of density of PbkSnTe corpacts  with  oLressing
pressure,

Figure 5., Photomicrograph of 10 wm > L > 5 yum grain zize coipaztes
material.

Figure 6. The percentage loss in welgnt of 3P materiul as a rt.ncticn o
overpressure of argon gas,

Table 1.  Thermoelectric properties of PeSnTe compazts,

Figqure 7, Typical computer thermal diffusivity trace togetlier Wit
specimen calculation,

Figure 8, Temperature dependence of the electrical resistivity
material as a function of annealing time,

Figure 9. Temperature dependence of the Seekeck Coerzlrient
rmaterial as a functicn of annealing tine.

Figure 1C. Electrical resistivity as a furction ¢f anneallng teoioratur
Figure 11. Seekeck coefficient as a function of annealin: teij.rat.re,

Takle 2, Measured room temperature propertles €& Conpaltod sb Lt Do
prepared from different ranges cf grailn sile,

Figure 12. Temperature dependence of the electrical rezictiolvy
grain size pressed 3P material.

Figure 13, Temperature dependence c¢f the Secbeck - oti. (o0t
grain size pressed 3P raterial.

Figure 14. Temperature dependence of the thermal ~ooioto.o.',
grain size pressed 3P material,

Figure 15, Temperature dependernce of the f1j.re 0 o0, 0 o0 4
size pressed 3P material,

Figure 16. Lattice thermal conductivity ot | wel o
as a function of grain siie,

Figure 17, Thermoelectric figure ct ~erit 0 f o St
grain size.




IT. GENERAL INTRODUCTION
Under a previous US Army Research contract}, a semiguantitative
theoretical model of lead telluride was developed and used to estinmate the
relative reduction in lattice thermal conductivity, compared to that ot
single crystal, which accompanies the use of siall grain size raterial, It
was predicted that in a material with a mean grain size ci-1
reduction would be around 5 percent. A procedure was developzd for
corminuting very small grain size material and a rumker or Rhigh density

compacts of lead telluride was successrally prepa*cd Measurenents orn

conductivity with decrease in grain size,

A realistic theoretical model developed for lead tellurlde gave Very
gcod agreement between the theoretical values of the thermal conductivity
and experimental data reported in the literature, The thermcelectriz

figure of merit optimises at carrier concentrations arcund 2 x 10¢% n7¢

[oR
N

gy
ard evidently the kehaviour of the electrical transpert prepecties an

rarticular that of the power factor «o is very relevant to any atternpt to

[

rprove the material's perforrmance, The results of a limited proyrarmme of
work 1n this area indicated that Seebeck ccefficients very clese to sinsle
crystal values could ke obtained by suituble annealing of the small yrain
3ize counpacted material. Electrical resistivity values however, renalned
sigrnificartly higher than equivalent single crystal values,

Phonon grain boundary scattering 1is enhanced in allcys ana  the
thecretical model was extended to investigate the thermal conductivity o

discrdered lead telluride type materials. PbSnTe was ldentified as cre o

te
e
19
' -
c

trhe alloys which held out the best pctential for improvemernt in the

(B3

merit as a result of a decrease in the lattice thermal conductivity oo

)

(ad
e

chornon-grain boundary scattering.
The success ot the investigation into lead telluride has led Tl tie

cresent programme of research where the principal chjectives are o

(X3
(@]

—
._4

11I. OBJECTIVES

Tre objectives of the programme of research descrikted 1n the veport

1. To esxploy a theoretical model to estimate the ipprovesuent 1o tie
igure of werit 2 of PbSnTe which acoicrpanie:s g

reduction in ) due to phoron-grain boundary scatteriny,
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2. To prepare high density compacts of PisnTe alioy with « Zanie o Svaln
sizes and confirm experimentally the predicted reducticn in - with
decrease in grain size,

3. To develop suitable annealing procedures to re-cstaplisn singyle cryoval
electrical properties in the compacted material,

4. To measure the electrical conductivity and Seelbechk oCcouizizient

hence obtain the thermoelectric figure of rmerit,

IV. DEVELOPMENT OF A THEORETICAL MODEL

1. Introduction

The development of a realistic theoretical mciel :ror allcys
lead telluride presented considerakle difrficulties. The rodel w3t zive
good agreement with experimental data reperted in the literature, TLic
involved obtaining the separate electrernic (»,) and  lattize (.-
contributions to the thermal conductivity., The ncn-paracclic rnature and
rultivalleyed structure of the enecgy kands together with intervalley
scattering were included in the model; kotn accustic and optical phonin
scattering were considered. Minority carrier erfects will alsc e
significant over part c¢f the temperature range cf operaticn or  the
material and should ke taken into accoun

The actual (highly disordered lead telluride type) raterial
investigated was designated 3P, ciktalned tron Glcral Thermcelectrics and
consisted of PbSnTe with Mn (3.458%z) and Na (0.475¢) added. The presence
of srall proportions of Mn and Na introduced preorlens in fermulating a
~cdel as no information 1s available on the change In band structure or
errective mass value which accorpanies their introduction into the Prdrle
structure, It is assurmed that the presence of small amounts crf Mn and la
will not significantly change the allcy disorder pararcter 1 ani
ccnseguently the reduction in the lattice thermal conductivity JQuc to
grain boundary scattering. Guided by these considerations and takiny T
cand structure of PbSnTe to be essentially that of Prle with the presense
©f Sn serving to change the value of I, the reduction in lattice theroal
senductivity of PbSnTe which accompanies a decreese in grain size fan ke
calculated. If the ratio of )y (small grain)/ip (e=lngle crystal) is taken

tz re the same for 3P mdaterial as it is for PkSnTe, then the depend

2t »p and hence the figure of merit with grain size for 3P material cuan ko

zstimated from a knowledge of the appropriate single crystal dita,

.4

ddog, s S e
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2. Disordered Lead Telluride
2.1. Introduction
The theoretical model developed to citain an estiliate O too To.all.

reduction in the lattice thermal conductivity or lead tellorsi.

decrease in grain size, has been descrikcd in detuil in o previoa. i

reportl. This wmodel was extended to include discrderca leaa toliar’ s

(alloys) and an estimate has been obtalned of the depeniconse of 0 T
thermal conductivity and thermocelectric figure of nerit on Gra.l —.oo

level of doping for a highly disordered alloy brelil inary, Gt
indicated that calculations involviry relative  oronses 1o Lo

thermoelectric figqure of merit are fairly inscrsitive to tre fol...
refinements in the theoretical model. & two kand cacl witi pacael.d
multivalleyed structure was considered, accustic saatterir; wae tancoln

the dorinant scattering mechanism, intervalley scattering wao o lect.
ard no distinction made Letween condustivity efrective aoo ana ot

density of states effective rnass,

In order to appreciate the signirficance of some of the raln

included in this report it should be noted that the lattice therial
conductivity, , ,1s expressed in terms of three paransters &, & ana O

which relate to phonon scattering by allcy disorder, free Suarlfiel. a.

grain boundaries respectively and is givern Ly

- K o] .
. ! TIOILA A, O !
‘L *kg [lfkoJ°‘(“f"“/
— = |1 ¢+ L,(A,B,C) » oo l
o g ;

It is usual to express C in terss of a parateter b, wnion ic
inversely proportional to the grain size L and they are relatea Ly O - O
where T is the temperature, A = 0 corresponds to unallcyed naterial witn
ro disorder present, B = 0 corresponds to undoped naterial ard C - 0 to

I‘Uill‘t.‘;l.ﬂt‘.} o

single crystal material., In general x(4,b,C = 0) Aoirale
lattice thermal conductivity of a doped single crystal alloy, wiile
»(A,B,C) = \gintereq represents the lattice theraul conactivity of o

cerpacted (sintered) alloy,

-
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2.2. Reduction in the lattice therpal conductivity
Plots of the ratio isintered/isingle crystal at roca Tenjeriature oo p

higlly disordered alloys of lead tellurice (A=5) Is dlsplayed in iliaue

a5 a function of grain size and level cr doping; In material witn o
grain size of about 1lum the reduction in lattice therial coranlti.ity
compared to equivalent single crystal ..aterial 1s in the ran e 11-13

rercert, Lo |

Figare I . Plot of
A\ (sintered)ip (single
crystal) ., for a highly
disordered alloy of lead
telluride of grain size and
level of doping, Ko
=1.0.A=5,0; curves
1,B=0.,050; 2,B=0,010; 3,
5=03,005; 4, b=0

thermoelectric figure of nmerit 2
for a highly disordered alloy of
lead telluride with three different
carrier ccncentrations n, as a -
function of temperature: A, TR , .
= 5x10%*n™%; B, n = 10%'n"*; oo ‘ / . oo
n o= 2x10%°m7*. Curves: — )y T S/ '
rresponds to material with a mean b /C’ /// i
ain size ~lum;— - - i ! K ’ .
rrespends to 'single crystal'! or S ‘ ‘ {
e grain size rmaterial K ‘ ‘
4
|
i

Frowre 2 Plots of the :;L S

\

- "" /
A
\
!
J

G O

O 1O

ry

L2

— {0

2.3 Effect of small grain size on the thermoelectric rigure ot ..ot

freliminary calculations of the thermielectric fljure oI nolil (.o
urnalloyed lead telluride indicated that 2 wWas  optindood st
tenperature at a reduced Fermi Energy ({) of -0.75; which corrv.p.inict t

He thorn cleoteis t oo

¢
Y S SPUNICULS P B SEN T R Dl

-4

N . R U U -~ PR S ar 24,73 5
a varrier concentration of about 2xil44a™°,

c.rit for a highly disordered ailoy of luad telluride at thelr waiiterent

(83

carrier concentrations around optimum doping is shown 10 Filjare oo

P
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LLTZWnTETY and 13 assuned  to o vary

variaticn ¢of carrler concentraticn no o with termzerature is cotainsd

relating the varlation of Seebeck coefficlent with rouuled @
S

[¢dl

. ol N < ~
c.tential®  to the temperature dependernce of th

caricus carrier concentrations.? In Figure 2 a cocupiariscn is draun

-
X

ot

=

that  the thermoelectric figure of =nerit e¢f nighly discrdered
~lgrer than equivalert "single crystal" cor large grain zize raterial,
3. allcys based upon lead telluride

1L Introduction

A realistic theoretical rmcdel for lead tellurize, whizsh Incluaced

sultivallied  structure,  intervalley  and  intravalley
carapcllc ereryy bands, acoustic phoneon and cptical phonon soattering
reen develeped and clese  ajreenent  citalned  futween  theoreticual

-~casired transport properties, Tnis  model  was  then  enployex

ween "single crystal” and small grain size naterial., It iz wviae

relluride type material with a mean grain size ¢f ~l.z 13 akcut 12 zorcen

c
ldentifyirgy alloys ktased upon lead telluride with the nighest potent

oy inprovement in their figure of rerit as a result of phoncn-or.

coundary  scattering.,  FkSnTe is  particularly  tavouired  Leladose lar

i1fferences 1n atomic masses ¢f the constituent  atons ive rize

i
i
ps

s.cstantial alloy aisorder scattering and thils material was Investlsate.,

'i1)y Reduction in the lattice therrmal conductivity cof brinTe

The results of calculating the ratio »p(sintercd)/s- (clnjle cryet:

+3 a function of grain size L, conveniently expresssd In terrs <o a4

N where N = 2T and T is the akuolute terrerat Soro oot

o v,
~ - ~ a A4 1l Lo QLo s LY Copul Ao

adh o

-




Figure 3. X, the ratio
r(sintered) /s (single crystal)y,
p&otted as a function of the
parameter D and grain size L for
PbTe-SnTe at 300K, Curve I, bB=0
(urdoped); curve II, B=0.01
(optimally doped).
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Tre tasic characteristics of the PpTe systen nao Leon Delailcd on T

Zalcalazion and the effect of alleoying with 3SnTe or Gole 1ot
dlsorder wnich can efrectively scatter tic Llgn Ircja.n:y oo,

nas the effect of erhancing the effeCtivencos ol Llo.n.n-.oaln ool
sZattering, Although there is scrme alzrizulty o Bl :
credicticns of the dependence oI the latrtice Tnerral C..oa.lTivity Lnoo
L arlcus  paraneters Lkeciuse o oa lac I e[ cLt el
Wnertainty In tixing an aprroprilate Lalue Croon 0T Lo oliin

e

estinmate the range over wnich the results will vary,

It 1s corcluded that in undoped Frolnle (b=o) Wil o ooun rain oo

St C.Sum at 3CCK the percen

t
jlven ky (1 - ap(sintered)/»

cptinally deped naterial (assuning

aje reductlcn In lattile Thesial Zornauwsto.ity

iryle cryotalyl w122 1o 1o oot

Arriels COLnZentralbl o T o Zilioal to

that c¢f wunalloyed lead telluride) the reducticsn 1o 11 . Loonarvnes

reduction in mean grain size to 0.25 pm would decreade Ul lavttl o tioroal

conductivity ¢of lead tin telluride

limit of the keneficial effect of a reduction in grain oo oo 0 1oL

by 17 percent, Il 1o oapprcoacling oo

region electron grain boundary scatterinj kbecomes oiljniiloant e Lo,

-

to an urdesirakle decrease in the electrical condustivity,
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(1ii) 3P Material

The material avallakle for iruvetisar: -

3

Thernmoelectrics, As indicated In Secticn

Y

resence of small amounts c¢f Mn osnd la il ono

1

O

y disorder parameter and conseguent.y tho

[

V. PREPARATION OF PbSnTe COMPACTS
1. Introduction
The theoretical rodel cutlined 1n Sectice

rejuction in lattice thermal conductivity witn

cciect of the programme of WwCrk reported In tnls

high density compacts of Fr3nTe type raterial

grain sizes, with th view to reasuring the

1
hermal ceonductivity due to graln rowndary CSoatter

Qe STy 1N

3

wite.

transport properties and conflrning the predicted

trernal conductivity with decrease 1n grain sice

2. Charge Material Preparatiocn

Tre starting material used in this investizaticn

Clcral Trnermoelectrics*, either in the feorm cf

crusred 1n an agate nmortar and pes
t

t
£all virromill, assisted Ly wetting in methancl,

sleved through British Standard ricrosieves usirn:

ard assisted by ultrasonic wvikraticns, Sieved
€ > L > 25, 26 >L > 10, 10 > L > & ard L <
as charge material.

3. Pressing Procedure

Disc shaped compacts were prepared py a cold

Tre press enployed was kased on the cone descrikbed

in crder to preserve precious powder ard

O

sinlaturised. Compactions cof discs 6.9 no In dlanmeter weoe

trerral diffusivity determinations using availakle ':lazh
3

= 3p ccrposition:

w

Fo 19.697%, Te 49.491%, Sn 26,880z, Mn 3,458

Supplied by Glcbal Thermoelectric Power 3yste

Eassano, Alkerta, Canada.

widdodt

L
cperations subsequent to powder conpacticn ot
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Charge powder was first heated in a hydrogen atmosphele at 32150 and o
pressure of about 35 p,s.i. for approximately 30 minutes., An apprepriate
quantity of powder was introduced into the die to produce on conpaction a
6.5 mm diameter disc between 1 mm and 2 mm thick. Demsity deterninaticns
were made using Archemede's method, Single crystal density is 7.11 .
cn”3 and the density of the compacats increase with pressing preswure rrow
akout 6.4 gm cm™3 at 500 MPa to 6.99 gm cm™3 at 900 MPa (i.e. better thar

98% of the density of single crystal material) as shown in Plgure 4,
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The kehaviour of the material density vs, compacticn pressufe Cul.e
dces not appear to vary with change in the mean grain sice of tThe Charge,

However, difficulties were encountered in pressing 'good ccmpacts' ot
less than 10 um grain size; lamina cracks frequently occurred in tre
corpacts in planes parallel to the punch faces. Thisc propled, which faa
ceen okbserved during the compaction of lead telluride was largely overoiie
ty employing a two stage pressing process, The very saall graln cioe
compacts which are often very fragile, were recrushed to a =zlightly
coarser grain size powder and then repressed, This procedure reculted in
small grain size material which possessed mechanical  properties
approaching those of coarse grained conpacts prepared by sirngle staje

pressing.




1. Physical Properties of Compacts

H1gn density compacis prepared Irom coarse graill Sice maferial canicil
good mechanical properties, are robust and can be readily rachined int.
complicated shapes using ultrasonic cutting methods. A reductiocn in grain
size is accompanied by a decrease in mechanical strength., Ccld precced
compacts with a gqrain size < 5 um are usually too fragile to rachire.
However, as indicated in Section V.3, the physical properties can ke
substantially improved by a second pressing stage.

The surface of high density discs, after polishing down to 1/12 unm size
is smooth and almost void free when examined by optical nicrescepy. 1une
grain structure of the compact is revealed by heating in an iodine etch at
368 K for 5 minutes (10 H,0, 5 gm NaCH and 0.2 gm I,). A photomicrograpn
of 10 wm > L > 5 um compacted material is shown in Figure 5.
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VI. ANNEALING PROCEDURES
As indicated in a previous report, the electrical transpert propertice

of lead telluride type materials can ke drastically changed by nign
temperature annealing under different atmospheres. Tie Lehavicur o
properties 1is evidently very relevant to any programie ! ruooarll
directed at improving the material's thermoelect-ic fijure of merit,

It was reasonable to assume that as high an overprecsure of jao ao
possible should be used during the annealing in ordcr tc suppress loss o
constituent elements. The safe limit at which cur silizcoen anncaling
furnace operated was 45 p.s.i. In Figure ¢ is displayed the percenta e
loss in weight of a typical pressed disc as a functicn of overpressure of

Argon gas, At 45 p.s.i. the percentage loss in we.ght was ~ 0.04.
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Anoanrinite rnuasker of combinaticns of arnncaling parancters woich altes
the electrical transport properties are possitle, (viz., tenjeralice oo
arneal, rate cf change of temperature, time at a particu.lar toogerat.o
345 atnosphere, pressure c¢f gas, flow ¢f gas, and S0 CL). A LyoTe.stic
study c¢f thls aspect of the programne would In itselr coootitote
rYeicarch project, In Table I are presented the results of mesiureient of
tre electrical conductivity and Seebeck coetficlent arter sublelting U

cressed compacts to a varlety of annealing cenditicns, Anncallng ot Too~0
or mcore than 2 hours in a pure Argon atnosphere resulted In the pLresocs
ccrpacts  attaining electrical properties approuching those of  cingle
crystal material. The powders used in preparing compacts have a high

cxyzen content following their long grinding times in air, In an atteopt

rt
(6]

decrease the oxygen content porticns of the powders were redaded irn

hydrogen prior to pressing the compacts,
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1. Introduction

As-compacted material often possesses electrical resistivity values at
least an order of magnitude greater than single crystal material., A
limited number of Hall coefficient measurements indicated that active
carrier concentrations remained essentially the same with the incrvase in
electrical resistivity - a consequence of greatly reduced carrier
mebility. The reduction in mobility results from the presence cof hign
dislocation densities, Any working or machining of 3P auterial
significantly alters the electrical properties, consequently all transport
reasurerents were made on the disc-shaped sanples preduced by ooid
pressing.

2. Seebeck coefficient and electrical resistivity measurements

Seebeck coefficient measurements were made using a hct proke; ascuraly
of nmeasurements is : 3 percent, Electrical resistivity neasurenents werc

rmade using the four probe method, accuracy : 2 percent,

3,Thermal Diffusivity Measurements

Roen tenmperature thermal diffusivity measurements were rade using lacer
flash techniques, The rise in temperature on the rear face ol the calie
was menltered with a chromel-alumal therroccuple, In order to facilitate

corparisen between thermal diffusivity curves the rmeasuring syster i

4

reen computerised. Hardware (interface electronics) and scitware oo
developed for use with a BBC microcomputer. A typical diffusivity tras
is shown 1In Figure 7 together with specimern calculations, Trerial
cerdustivity values were obtained from the thermal diffusivity using
» = Coa, where C is the specific heat, p the density and « the neas.res
trerral diffusivity values. Room temperature speclific leat value io
2.184 W gn ik,
VIII. RESULTS AND DISCUSSION

1. Annealing

As indicated in Section VI, the electrical transport propuertics are
sensitive to annealing conditions. The effect .o the «clectriodd
resistivity and Seebeck coefficient of annealing at ditrerent terperatures
as a functicn of time are displayed in Figures 8 and 9 respeltively. It ic
apparent that the reduction in resistivity is maxi.ised at an anncalln
temperature between 650°C and 760°C. In Figures 10 and 11 are presented
the results of measurements of electrical vresistivity and JSeerok

coefficient on different samples kefore and after anrealing at ditterent
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TABLE 2, MEASURED ROOM TEMPERATURE PROPERTIES OF CCOMPACIED 3P Malrilal.
PREPARED FROM DIFFERENT RANGES OF GRAIN SIZE.
Specimen D o? 3 X 5 Z

pe -2 o o1 2Py -1f-1y v F g
(g cm “) (micm) (VK *) (uWK “cm ~) (Wm “K ) (10 *K™ %)

s.orwstal TG0 0.83 50.3 3,05 1.99 1.55 0L a 1.3
25 Leolinn 6.856 0.67  43.2 2,78 1.68  1.12 C.50 1.0
12128 6.472 0.64 42.9 2,87 1.57 (.97 0.8 1.as
SLLK1C 6,388 .74 45.4 2,78 1.4 CL.us Lo l.c:

JRN) 6.543 0.77 46.3 2.78 1.128 LTS st N
IX. CONCLUSIONS

All objectives of the programme cf research huve geen alllen.
semiguantitative thecretical model for lead-tin-telluride .
develcped and extended to oktairn an estimate of the improven.nt i
thermcelectric figure of merit of 3P material as a tfunction of rea.ot:
in material grain size,

A rumper of ‘'good' high density ccipacts of 3P rmaterial Lale Leer
crepared using a deukle compaction procedure, An anrcalln: proces.ro
also keen successfully enployed in re-estaklishiny electrical power taltos
values 1n the compacted raterial which are close to fsingle cryotul Gate,
Tre measured reducticn in lattice thermal condultivity was 2Ulh greater
than predicted Ly theory and 1f surstantiated Ly further | oa5Ure.cilz, it
would constitute a very significant irzrovemesnt 1n the thermielostrd
nroperties of discordered materials based upcn lead telluriae,  Indeloniont
measurerents of the thermcelectric rproperties of  large  grain Cile
compacted material are in good agreerent with UwIST data and there is oo
evidence at present to suggest that the results of Icasureients on o siall
grain size material is unreliakle. Conseguently 1t rmust e Zonsladed that
the thermoelectric figure of rmerit of 3P raterial can ke cubutantlally

improved by employing small graln size ccrpacts,
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