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ABSTRACT:

Thermal conductivity of
gel  grown strontium
oxalate crystals as a
function of temperature
has been studied at 335
and 349K by using
divided bar method. The
thermal conductivity of
strontium oxalate crystal
at 335K was found 2.3
Wmi'K™* and 1.59 Wi
'K at 349K. The
reduction of thermal
conductivity with rise in
temperature may be due
to reduction in mean
free path of phonons in
the solid.

KEYWORDS :
strontium oxalate, gel
method, thermal
conductivity,
thermoelectric material.

1. INTRODUCTION
Thermal  conductivity
play vital role for the
developers engaged
the field of highly
insulating materials
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addressed the need

emphasizing material
used for buildin
insulation [1,2]. Man

projects of NASA has

Vintl phases [16] havethickness, ea ,
high| opposite faces are differ@Pplications [21, 22], it
" thermoelectric efficiency in temperature by oneiS therefore interesting to

Raver, India.

been focusing on tr| materials possessil
development of harmonic therma
materials, such as thoseibrations are
based on aerogels [3].Aresponsible for very hig
material possessing bottthermal conductivity
very high and very low whereas anharmon

thermal conductivity hasvibrations are attribute
wide applications. Solid for low thermal
materials like diamond conductivity. A number
and silicon have high of factors like
thermal conductivity and impurities, dislocations

thermal conductivity is
an important property
for investigating lattice
defects or imperfection
in solid. This property

also provides an
opportunity for
investigating  existing
intriguing physical
phenomenon and
therefore to  study

thermal conductivity of
solid material is of great
technological interest.

Prismatic, transparent
hand well facet crystals
grown by gel method
cl18] were used in the
qpresent work for the
measurement of thermal
conductivity of crystals
as a function of
- temperature has been

therefore they are usedand crystal boundarie

sStudied at 335 and 349
| K. Strontium oxalate is
a pyro nature

great promise as barium

20], in

in thermal electroni¢ contribute to therm

devices [4-11]. Low conduction in solids. also _

thermal conductivity The quantity of heat thatmaterial, which shows
materials like| passes through

skutterudites  [12-13]| substance in unit time gfoxalate  [19,

clathrates [14-15], andunit and

when

area
found

7]. The  thermal degree is known

onduction in solid is thermal

conductivity| Properties

unit Pyrotechnic and high
its temperature

electronic

investigate the thermal
such as

directly correlated with The S.I. unit of therma) theérmal conductivity of

the  harmonicity
anharmonicity 0

Per meter Kelvin (Wm
thermal vibrations. Thu

K™). Measurements

and conductivity k is Watt| this material.
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2. EXPERIMENTAL PROCEDURE

Thermal conductivity of strontium oxalate crystasvmeasured at 335 K and 349 K by adopting the
similar process as used in barium oxalate cry§28s The position of thermocouple junctions A,®&,and D
as well as position of strontium oxalate crysta{sfixed in the stainless steel bar are showdrigure 1

..... B- Computer

25

Figure 1. A schematic presentation of equipment for measurement of thermal conductivity:

This experiment is interfaced with computer to recdirectly the temperature of thermocouple
junctions. Two crystals of same thickness 1.5mmewesed to determine thermal conductivity at 3350 a
349 K. Crystals kept at the position X in the mdtaf are shown ifrigure 1. The equipment was properly
setup for working and then thermal conductivity wasasured adopting the similar procedure usedse ch
barium oxalate crystals [23].

Temperatures at thermocouple positions A, B, Cluwgere measured after every minute. Successive
lowering of temperatures with increasing distarfces) heating end ‘O’ of metal rod at A, B, C anda@re
observed and then average temperature at eachesé tpositions were simply determined. A plot of
temperature at 335 K and 349 K versus distance ra @t positions A, B, C and D are showrFigure 2
andFigure 3 respectively.

-
-

Detocnc i Distance in cm

Figure 2: Plot of Temperature versus distance on a Figure 3. Plot of Temperature versus distance on
a rod rod at different positions at eliint positions
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From these plots the temperature gradients andliji@oefficient of thermal conductivig,of the crystal
were calculated. using the equation

= [(‘;—I)m]
R FECON

3. OBSERVATIONSAND RESULTS

Graphs plotted between Temperatures versus distamce rod at different positions as shown in

Figure 2 andFigure 3 were used to calculate temperature gradient and tthermal conductivitk, of the

crystal.
Determination of thermal conductivity(k.) of strontium oxalate

Thermal conductivity is determined by using theagoun-

dT
_ (E)m
Ke = Km=ar—
E)c

Wherekn, is the coefficient of thermal conductivity of thaatal.(j—Z)mis the temperature gradient of metal

and (j_z)c is the temperature gradient of the crystal
[A] At 335K

FromFigure 2,

dT dT
(G)m = 0.32 and(&)C =221

Km = 3.8x1C calsetcm'deg
0 k. = 5.5x10 cal se¢ cm' deg"
= 0.0055 cal s€ceni® deg
ko) Atsssx = 23Wm'K?
[B]  At349K.

FromFigure 3,
m = 022 and($). = 2.21
Km = 3.8x10 cal se¢cm®deg
0 Ke = 3.8x10 cal set cmi* deg
= 0.0038 cal s€ccmi* deg*
(Ko) At 340 = 159W miK*
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4. Discussion

The thermal conductivity equation implies that fivecess of thermal energy transfer is a random
process. The energy does not simply enter one etite specimen and proceed directly in a straigih po
the other end, but rather the energy diffuses tjitothe specimen, suffering frequent collisions, hsuc
conductivity process brings the temperature grdadien

Resistance to heat flow in dielectric solids aifem scattering of phonons by defects in thetalys
structure such as lattice defects, grain boundapessence of isotopes and impurities etc. Thentakr
conductivity of nonmetallic crystal solid is due phonon interaction. The collisions of phonons wgtch
other result in an alteration of phonon frequeneied their moments. In the harmonic solid such phen
phonon interactions are not possible; thereby salid possesses high thermal conductivity. IndsolWith
an-harmonic lattice interactions, there is a cawgplibetween different phonons, which limits théugeof the
mean free path and hence lowers the thermal comidy¢24, 25].

As mentioned a perfect harmonic crystal has narthkresistance mechanism; hence it has infinite
thermal conductivity. This point was addressed lacls[24] from the perspective of insulators in ahithe
phonons are maximally coupled and as a functiothef number of atoms in the unit cell. The thermal
conductivity of some crystalline solid approachesrinimum as the temperature reaches to meltingt poi
[24].

The thermal conductivity of strontium oxalate ¢aysat 335K and 349K were found 2.3 and 1.59
Wm'K™ respectively. The results are showing decreasherthermal conductivity with the increase in the
temperature as observed in barium oxalate[23]. @é&csease in thermal conductivity may be due toctadn
of mean free path of phonons in solid

These experimental results in the present worknalein agreement with the G. A. Slack findings
[24]. The concept of minimal thermal conductivigncbe a useful guide and attempt to develop mateitia
exceptionally low thermal conductivities e.g. therglectrics. The thermal conductivity of an insatatan be
reduced either by increasing the size of the waiit the pressure of heavy atoms, random atomistgution,
increasing optic acoustic couplings and increakitigge symmetry [24].

5.CONCLUSION
Thermal conductivity of strontium oxalate crystals335 and 349K were studied by divided bar
method.

Following are the point wise conclusions.

a. The thermal conductivity of strontium oxalate cafsit 335K was found 2.3 W™ and1.59 WK™
at 349K.

b. The thermal conductivity is reducing with rise @mperature.

c. This reduction in the thermal conductivity may heedo reduction in mean free path of phonons.

Low thermal conductivity of this material can lgaddevelop it as a thermo electric material.
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