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Measurements of effective thermal conductivity (A) and effective thermal diffusivity (X) of twin pellets of Sex
0
Te

10
.xlnx (x= 

2, 4 , 6 and I 0) chalcogenide glasses , prepared under pressure (load) of 5, 7 and 9 tons, have been made at room temperature, using 
transient plane source (TPS) technique. The results indicate that, both the values of\ and X, increase with the increase o f In 
concentration. Besides, A., and X, also depend upon the load at which the pellets have been formed . The composition and pressure 
(load) dependent behav iour of \ and X, is expl ained in terms of the ion-covalent type of bond which In makes with Se as it is 
incorporated in the Se-Te glasses . 
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1 Introduction ·--- - -- -- .. -, 

Great attention has been given to cha lcogenide 
glasses, in recent years, mainly due to their wide range 
applications as solid-state devices both in scientific and 
technolog ical field 1• These glasses exhibit unique IR­
transmiss ion and electrical properties that make them 
useful for several applications such as thres hold 
sw itchin g, me mory switching, inorganic photo­
receptors, JR transmi ss ion and detection through lenses 
and optical wave guides e.g. in welding and surgery 2• 

Espec ially selenium alloys ex hibit a unique property of 
reversible transformation. Thi s property makes these 
systems very useful in optical memory, X-ray imaging 
and photonics. The add ition of indium as third element 
in different percentage in Se-Te binary chalcogenide 
glasses produces stability of these glasses ' . The effects 
of element as an additive to binary glasses have been 
exten sive ly studied by other workers•. In the present 
work, an in vestigation has been undertaken to study the 
vari ation of A., and x, of these samples with composition 
at different pressure using transient plane source (TPS) 
technique;. 

2 Transient Plane Source (TPS) Theory 

The TPS method consists of an e lectrica ll y 
conducting pattern (Fig. I ) in the form of a bifilar spiral, 

I 

·•. 

"-- - -- -·~ 

Fig. I -Schemati c diagram of TPS sensor 

which also serves as a sensor of the temperature increase 
in the sample. Assuming the conducting pattern to be in 
the y-z plane of a coordinate system , placed in an infinite 
solid material, the rise in the temperature at a point y-z at 
time, (t), due to an output power through the spiral per 
unit area Q is given by5 : 

D.T(y ,z, T)= 112 f-, fdy , dz Q y , z ,t--I r dO', ' ['' 0' 2a2J 
4n · a A. o 0' -A X 

[ 

I 2 I ? ] -(y-y) -(z-z)-
exp , 

2 40' -a 

... ( I ) 
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where x(t-t ') = s2 a2 
, ? = a2 I X 

and t = [t/8 ]112 

a is the radius of the hot di sc (source and the sensor) 

which g ives a m easurement of the overall size of resistive 

pattern and 8 is known as the c haracteristic time. CJ is a 

constant variable, A. is the thermal conductivity in units 

of W/mK and X is the thermal diffus ivity in unit of m2/ s 

of the sample. The temperature increase !lT (y, z, 't) 
because of flow of current through the sensor gives ri se 

to a c hange in the e lectrical res istance !lR(t) which is 

g tven as: 

... (2) 

where R, is res istance of TPS element before the transient 
recording has been initi ated, at room temperature, a the 

temperature coeffi cient of resistance (TCR) and !lT(r) the 

properl y ca lcul ated mean va lue o f the time-dependent 

temperature increase of the TPS element. !lT(r ) is calculated 

by averaging the increase in temperature ofTPS element over 
the sampling time, because the concentric ring sources in TPS 
element have di ffe rent radii and are pl aced at different 
temperatures du rin g the transient recordin g. During the 

transient event, !lT(r ) can be considered to be a function of 

time onl y, whereas, in general, it will de pe nd on such 
parameters, as the output power in TPS element, the des ign 
parameters of the resisti ve pattern , and the thermal conducti vity 
and thermal diffusivity of surroundings. 

It is poss ible to write down an exact solution for the hot 
disc , if it is ass umed that , the di sc contains a number ?m ' of 
concentri c rings as sources. From the ring so.urce solution we 
immediate ly get: 

- Po !).T(r )- 'f? D , (r ) 
n · -a.:t 

... (3) 

where 

D (r ) = [m(m + l)r2 

·' 

... (4) 

In Eq. (4), P
11 

is the to ta l output power, L
11 

the modified 

Besse l func tio n and l, k the dime ns ions of the res isti ve 

pattern. To record the potenti a l di ffere nce vari atio ns, 

Power 
supply 
{constant voltageV) 

R 

Fig. 2-Schematic di agram of electrical circuit used for 
simultaneous measurement of effecti ve thermal conducti vity and 

effective thermal diffusivity 

which normally are of the order of a few millivolts during 

the transient recording, a simple bridge arrangem ent as 

shown in Fig. 2 has been used . If it is assumed that, the 

res is tance increase will cause a potenti a l differe nce 

variation !lU(t) measured by the voltmete r in the bridge, 

the analysis of the bridge indicates that : 

. .. (5) 

where 

!lE(t)=!lU(t)[ 1-C.!lU(t)]"l .. . (6) 

and 

c = - ---,=--------=;-

RJo[l + y R" l 
· y(R,. + R0 ) + R" 

... (7) 

The definiti on of various resistances is found in Fig. 2. 

R is the lead resistance, R a standard res istance with a 
p ,\' 

current rating that is much higher than 1,. which is the in itial 
heating current through the arm of the bridge containing the 
TPS-element. ? is the ratio of the res istances in two rat io arms 
of the bridge circuit , which is taken to be 100 in the presen t 
case. 

3 Experimental Details 

H.igh purity (99.999%) Se, Te and In in appropriate atomic 
percentages were weighed into a quartz glass ampoule (length 
5 em and internal diameter 8 mm). The contents of the ampoule 

(5 g) were sealed into a vacuum of 10·" To rr and heated in a 

furnace where te mpe rature was ra ised a t a rate o f 3-4 oc 
per min up to 925 K, and kept around tha t temperature 
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TPS sensor 

Sample 

Sample 
holder 

Fig. 3 - Sample holder diagram with TPS sensor 

for 7-8 hrs, to ensure the homogeneity of the samples. 
The molten samples were then rapidly quenched in ice­
cooled water. Samples obtai ned by quenching were in 
the form of g lasses. The glassy nature has been confirmed 
through X-ray diffraction. These bulk glasses were then 
cmshed to fine powders by grinding process. Pellets of 
thickness I mm and diameter 12 mm were prepared by a 
pressure machine at different pressures. 

The samples are in the form of pellets of 12 mm 
diameter and I mm thickness, and the su rfaces of these 
pe llets are smooth so as to ensure perfect thermal contact 
between the samples and the heating e lements, as the 
TPS sensor is sandwiched between the two pellets of 
sample material in the sample holder [Fig. 3]. 

The change in the voltage was recorded with a digital 
vo ltmeter, which was on line to the personal computer. 

The power output to the samp le was adjusted 
according to the nature of the sample material and was, 
in most cases, in the range 6xl0""- 16xl0·" W/m. 2 

The measurements reported in thi s paper were 
petformed with a TPS element. It is made of a I 0 f-tm -
thick nickel foil (having a resistance of about 3.26 Q 
and a TCR around 4.6x I O-> k·') with an insulating layer 
made of 50 f..Jm-thick kapton, on each side of the metal 
pattern. Eva lu atio n of these measurements was 
performed in a way that was outlined by Gustafsson5 . In 
exper iments with insulating layers of such thickness, it 
is necessary to ignore the voltage recorded during the 
f irst few seconds because of the influence of the 
insulating layers. However, owing to the s ize of the 
heated area of the TPS element, the characteri stic time 
of the experiment is so long that, it is possible to ignore 
a few second of recorded potential difference values and 
sti ll obtain very good result. 
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Fig. 4 - Thermal Conductivity with In percentage 

An important aspect of the design of any TPS element 
is that, the pattern should be such that, as large a part of 
the "hot " area as possible shou ld be covered by the 
e lectrically conducting pattern , as long as there is 
insulation between the different parts of the pattern. This 
is particularly important when insulating layers are 
covering the conduction pattern and the surface(s) of the 
sa mpl e . It should be noted that, the temperature 
difference across the insulating layer can, after a short 
initial transient, be considered constant. 

4 Results and Discussion 

Simultaneous measurement of effective thermal 
conductivity and effective thermal diffusivity of pellets 
of Sexo Te20_)nx (x =2,4,6 and 1 0) glasses, compacted under 
loads of 5, 7 and 9 ton s, were carried out, at room 
temperature, using TPS technique. Variation of effective 
thermal conductivity (A) and effective thermal diffusivity 
(X) with the composit ion (x) of indium, at different 
pressure has been plotted in Figs 4 and 5, respectively. 

It can be observed from Figs 4 and 5, that the effective 
thermal conduct ivity and effective thermal diffusivity of 
the g lasses increased s lig htl y with the increase of 
composition of indium in theSe-Te-In g lass at different 
pressure. Slight increase in the effective thermal 
conductivity and effective thermal di ffusivity cou ld be 
explained by considering the stmctural changes due to 
the introduction of more and more indium atoms . 

The stmcture Ctf the Se-Te system prepared by melt 
quenching is regarded" as a mixture of Se rino-s Se Te 

)\ b ' 6 2 

rings and Se-Te copolymer chains7 • In the present case, 
the addition of In is at the cos t of Te concentration. 
Indium makes iono-covalent bonds with Se and is 
probably dissolved in theSe- chain, making tile system 
more and more thermally stab le wi th the increase of 
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Fig. 5 -Thermal diffusivity with In percentage 

indium in the binary Se-Te system. Thermal stability of 
the chalcogenide glasses is directly related to the thermal 
conducti vity and thermal diffu siv ity•. These iono­
covalent bonds having high dissociation energy offer 
more conductive path in the system and hence provide 
an easier heat fl ow from one point to another in the alloy. 
The effect of formation of iono-covalent bond in these 
glasses is also reflected in several kinetic parameters9 

during their thermal analysis using differential scanning 
calorimetry (DSC). 

5 Conclusion 

Formation of iono-covalent bond in Se-Te system 
with the increased concentration of In seems to be 
responsible for the slight increase in effective thermal 
conductivity and diffusivity. 
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