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Abstract. In the current paper, there are considered the criteria for estimating the thermoelectric properties of metal glasses (MG) 
on suitability for thermometry. It is revealed that a principle of choice of thermoelectric materials based only on criteria is not quite 
efficient. It needs to examine also their mechanical durability, thermal, radiating, and anticorrosive properties, etc. More complete 
consideration proves that the use of MGs in thermometry is rather expedient. 
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1. Introduction 

At the transducer’s creation, the tendency is de-
veloped to change the traditional thermo electrodes in 
the form of a wire or film to a new class of materials – 
MGs. The last are inherent in the better electro-physical 
and mechanical characteristics [1].  

For example, The analysis of heat radiation in a 
stationary mode, for a perpendicular arrangement of 
thermal flows and the planes of transducers made from 
MG, have received expressions that allow estimating: 
sensitivity K = U/P = SRT, sensitivity limit P0 = 
(4k∆f)1/2RΩ

1/2/SRT and constant of thermal inertia τ = 
CRT, where U is the output voltage; P is the power of a 
heat flow; S is an absolute thermo-EMF; RT is the ther-
mal resistance; RΩ is the electro resistance; k is the 
Boltzmann constant; ∆f is the passband of frequency; C 
is the heat capacity.  

It was established that the optimal limit of sensi-
tivity corresponds to the minimum content of the relation 
RΩ

1/2/RT. Since thermoelectric converters are not in-
tended for measurement in noise thermometry [2], it is 
advisable to use electrode materials with a high value of 
specific electrical resistance ρ and a small thickness in-
herent to MGs [3-5]. 

Also, it is necessary to operate with materials with 
high thermal resistance RT. It contributes to enhancing 
sensitivity and lowering the heat capacity C finally de-
creasing the constant of thermal inertia. 

For thermoelectric converters, a significant role is 
played by the ratio of heat transfer by radiation and 
thermal conductivity on thermocouples on the one hand 
and heat transfer and electrical insulation to the fixture 
on the other hand. Let's denote the radius of the spheres 
of the thermocouple’s hot and cold junctions accord-
ingly, as r0 and R, and in dependences K, P0, τ instead of 

RT as well as let’s consider the heat transfer by radiation 
GB and thermal conductivity GT:  

RT =1/(GB + GT),                                 (1) 
GB = 8εσT0

3πR2,                                 (2) 
GT = χΧ1

2πdΣ,                                  (3) 
where ε is the emissivity factor of the object; σ is the 
Stefan-Boltzmann constant; T0 is the hot junction tem-
perature of the thermocouple for the monitoring system; 
χ is an average heat conductivity; dΣ is the total thick-
ness; Χ1 is the first root of Bessel function of the zero 
order. Then: 

C = CπR2dΣ,                                  (4) 
where c = ΣCіdі/dΣ and χ = Σχіdі/dΣ. For a case GB >> GT, at 
the given meaning r0 and other equal conditions, K = f(R) is 
considered only up to a certain value; then the significant 
contribution of radiation decreases, and the temperature 
almost does not differ from the temperature of the environ-
ment. At GB > GT τ does not depend from R only at quite 
small thickness of insulating fixture. At GB < GT τ is de-
fined from dependence: 

τ = (C/χ) (R2/Χ1
2).                            (5) 

As a result, the increase of thermocouple wire's 
diameter leads to powering the heat conductivity, and, 
hence, decreasing the constant of thermal inertia. For 
small diameters, this constant is defined by the heat con-
ductivity of the insulating fixture. 

2. Drawbacks 

The selection of optimal thermoelectrode materi-
als for thermoelectric transducers made from MG should 
be based on certain criteria. However, the widely used 
criterion of thermoelectric factor Z [6-7] is not quite 
suitable here; it is suitable for bulks where it can neglect 
the heat exchange with the environment. 
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3. Goal 

The purpose of this work is the analysis of criteria 
for evaluating the thermoelectric and other properties of 
thermocouple materials and the implementation of spe-
cific criteria such as general suitability; applied suitabil-
ity; expediency of application for the development of 
new types of thermo transducers that are considered the 
mechanical strength, thermal, radiation and corrosion 
resistance, and manufacturability of sensitive materials 
especially made from metal glasses. 

4. Analysis of criteria of application of 
thermoelectrode from MG  

For the thermoelectrode with MG, it is necessary 
to consider the electro-insulation impact of the fixture. It 
does not influence electrical, but essentially impacts on 
thermal parameters of thermotransducers. The expres-
sion for the definition of the thermoelectricity quality 
ZMG for thermotransducers with electrodes from MG is 
the next: 

ZMG = S2/(ρ(χMG + χEAhEA/hMG)),                   (6) 
where χEA is the specific heat conductivity insulating 
fixture; hEA/hMG is the ratio of thickness, accordingly, 
electro insulation of the fixture and thermoelectrode 
from MG. If χEAhEA >> χMGhMG, then the choice MG for 
the thermoelectrode can be carried out with the use of 
the criterion: 

 q = S2/r.                                 (7) 
Since the thermoelectric transducers operate to-

gether with measuring devices, the correct choice of the 
thermoelectrodes essentially influences both the parame-
ters of transducers and the method of measurement as 
well as the parameters of the device. While the output 
signal of the transducers is measured by a potentiometric 
method, we define the expressions for their factors of 
sensitivity KE and resolution KP: 

KE = (∆Іmin/KIUKTX∆X)(RMІ + RT)/RMІ,              (8) 
KP = (2K0(kTc∆f)1/2/KTX∆X)((RMІ + RT)RT/RMІ))½,    (9) 

where ∆Іmin is the step of the behavior of the measuring 
device indicator; KIU is the factor of transformation ∆U 
on input resistance expressed in the readouts I of the 
measuring device; KTX is the factor of transformation of 
measuring value X in temperature; RMІ is an electro resis-
tance on an input of the measuring device; K0 is the ratio 
“signal/noise”. 

While applying a potentiometer for measuring the 
thermo-EMF of the transducer from MG it is possible to 
determine the criterion of basic suitability of thermoelec-
tric materials expressed by: 

Se/re ≥ B,                                (10) 
where Se, re is accordingly, thermo-EMF and electro 
resistance, and B is an angular factor asymptote of de-

pendence KP(RΩ). The criterion of suitability can be de-
fined, proceeding from conditions KUT = nSe ≥ KP at RΩ ≥ 
RK or KUT ≥ KE at RΩ ≤ RK, where KUT is the factor of 
transforming temperature in thermo-EMF; n is the num-
ber of  thermoelements; RK is the critical value of trans-
ducer’s electro resistance:  

RK = (∆Іmin)2RMІ /(4K0KIU
2kTc∆fRMІ-(∆Іmin)2).    (11) 

The expediency of using one or another MG can 
be determined based on the maximum content of rela-
tions KUT/KP at RΩ ≥ RK, or KUT/KE at RΩ ≤ RK. If in the 
thermoelectric transducer replace one electrode on 
«zero» and apply the potentiometric method of meas-
urement of thermo-EMF, we receive:  

- basic suitability: 
S/ρ ≥ 2K0L(kTc∆f)1/2/KTXXA(RMІ)1/2,           (12) 

- practical suitability: 
S2/ρ ≥ 4K0

2LkTc∆f/KTX 
2(∆X)2An, if RΩ ≥ RK,    (13) 

or 
S - ∆ІminLρ/KIUKTX∆XRMІA ≥ ∆Іmin/KIUKTX∆Xn,  

if                                        RΩ ≤ RK, (14) 
expediency 

(RMІA - nρ)-1(S2/ρ) → max, if RΩ ≥ RK,        (15) 
or 

(1 + Lnρ/RMІA)S → max, if RΩ ≤ RK.          (16) 
Here L, and A, are accordingly the length and area 

of a cross-section of thermo electrode made from MG. 

5. Basic criteria of the thermoelectric 
properties of MG  

As the area of application of analyzed MGs is the 
thermometry, we make the appropriate substitutions  
(∆X = ∆T and KTX = 1) and receive criteria of an MG 
application in thermoelectric transducers. For heat radia-
tion area of application of the thermoelectric transducer: 
∆X = ∆Ψ, here Ψ is an intensity of radiation;  
∆T = L∆ψ/χ, KTX = L/χ. Hence, for a potentiometric 
method of thermo-EMF measuring with the help of the 
thermoelectric transducer made from MG, we receive 
expressions for the criteria: 

- basic suitability 

S/ρχ ≥ 2K0(kTc∆f)1/2/∆ψA(RMІ)1/2,          (17) 

- practical suitability 
(S/χ) - ∆Іminρ/KIU∆ψARMІ ≥ ∆Іmin/KIU∆ψLn, if RΩ ≤ RK, (18) 

or 
S2/ρχ2 ≥ 4K0

2kTc∆f/(∆ψ)2LAn, if RΩ ≥ RK,      (19) 
expediency 

(RMІA + Lnρ)(RMІA)-1(S/χ) → max, if RΩ ≤ RK,   (20) 
or 

(RMІA - Lnρ)-1S2/ρχ2 → max, if RΩ ≥ RK.     (21) 
The mentioned criteria are given in Table for elec-

trodes made from MGs. 
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Table. Values of criteria for the main thermoelectric properties of MG (* – own data). 

Materials χ, W/(cm.K) S/ρ, A/(Cm.K) S2/ρ, µW/(Cm.K2) S/ρχ,  
1/V 

S2/ρχ,  
1/K 

S2/ρχ2,  
Cm/W 

S/χ,  
µV.Cm/W 

*)Fe90B10 7,84E-02 -1,32E-02 2,44E-02 -1,69E-01 3,11E-07 3,96E-06 -2,35E+01 
Fe87B13 7,91E-02 -1,40E-02 2,71E-02 -1,76E-01 3,42E-07 4,33E-06 -2,45E+01 
Fe86B14 7,94E-02 -1,47E-02 2,99E-02 -1,85E-01 3,77E-07 4,75E-06 -2,57E+01 
Fe85B15 7,96E-02 -1,73E-02 4,14E-02 -2,17E-01 5,21E-07 6,54E-06 -3,02E+01 
Fe84B16 7,98E-02 -1,90E-02 5,01E-02 -2,38E-01 6,28E-07 7,87E-06 -3,31E+01 
Fe83B17 8,00E-02 -2,19E-02 6,69E-02 -2,74E-01 8,37E-07 1,05E-05 -3,81E+01 
Fe82B18 8,03E-02 -2,42E-02 8,17E-02 -3,02E-01 1,02E-06 1,27E-05 -4,20E+01 
Fe80B20 8,08E-02 -2,63E-02 9,58E-02 -3,25E-01 1,19E-06 1,47E-05 -4,52E+01 
Fe78B22 8,13E-02 -2,69E-02 1,01E-01 -3,31E-01 1,24E-06 1,52E-05 -4,60E+01 
Fe75B25 8,20E-02 -2,82E-02 1,11E-01 -3,44E-01 1,35E-06 1,64E-05 -4,78E+01 
Fe80Co3B17 7,97E-02 -3,41E-02 1,57E-01 -4,28E-01 1,97E-06 2,47E-05 -5,77E+01 
Fe74Co10B16 7,86E-02 -5,28E-02 3,48E-01 -6,71E-01 4,43E-06 5,63E-05 -8,39E+01 
Fe80Cu3B17 8,98E-02 -3,33E-02 1,33E-01 -3,71E-01 1,48E-06 1,65E-05 -4,45E+01 
Fe80V3B17 7,89E-02 -1,52E-02 2,97E-02 -1,93E-01 3,77E-07 4,77E-06 -2,47E+01 
Fe80Cr3B17 7,98E-02 -1,38E-02 2,65E-02 -1,73E-01 3,32E-07 4,16E-06 -2,41E+01 
Fe80Ni3B17 8,06E-02 -3,52E-02 1,58E-01 -4,36E-01 1,96E-06 2,44E-05 -5,58E+01 
Fe80Mn3B17 7,83E-02 -1,69E-02 3,72E-02 -2,16E-01 4,75E-07 6,07E-06 -2,81E+01 
Fe80Ti3B17 7,83E-02 -1,43E-02 2,86E-02 -1,82E-01 3,65E-07 4,66E-06 -2,55E+01 
Fe40Ni40B20 8,72E-02 -5,17E-02 3,48E-01 -5,93E-01 3,99E-06 4,58E-05 -7,71E+01 
Fe40Ni40P14 B6 7,20E-02 -1,51E-02 3,17E-02 -2,10E-01 4,41E-07 6,12E-06 -2,92E+01 
Fe67Co18B14Si1 7,74E-02 -7,26E-02 7,64E-01 -9,38E-01 9,88E-06 1,28E-04 -1,36E+02 
Ti-Cu-Co-Si 1,45E-01 1,17E-02 2,19E-02 8,08E-02 1,51E-07 1,04E-06 1,29E+01 
Ti-Cu-Ni-Si 1,52E-01 1,18E-02 2,21E-02 7,74E-02 1,46E-07 9,58E-07 1,24E+01 
Ti-Cu-Co 1,58E-01 1,17E-02 2,19E-02 7,39E-02 1,39E-07 8,75E-07 1,18E+01 
Zr75Ni25 3,43E-02 7,48E-02 9,39E-01 2,18E+00 2,74E-05 7,98E-04 3,66E+02 
Zr64Ni36 4,27E-02 -5,22E-02 4,96E-01 -1,22E+00 1,16E-05 2,72E-04 -2,22E+02 
Zr36Ni64 6,43E-02 -1,18E-01 2,35E+00 -1,83E+00 3,66E-05 5,69E-04 -3,11E+02 

 

6. Conclusions 

1. According to the criterion S/ρ (where and in 
what), it is advisable to use metals, metalloids, and their 
alloys in thermoelectricity, for the metalloids and semi-
conductors are recommended criterion S2/ρ; MGs have 
the prospects for application in for heat radiation con-
verters behind the criterion S/χ.  

2. Since the principle of a choice of the materials 
for producing the thermoelectrodes of transduc-
ers/convertors based on only S, ρ, χ is not sufficient, is 
necessary to consider the operational parameters of 
thermoelectric materials, in particular, their mechanical 
durability, thermal, radiating and corrosive stability, 
technological peculiarities.  

3. In addition, for thermo electrodes from MG, it 
is recommended to consider a temperature range of ap-
plication, which lies between the temperature of the an-
nealing relaxation Tr and the temperature of a beginning 
crystallization TK. As a rule, the temperature of applica-
tion TU for MG makes 0.75TK, not exceeding the tem-
perature TB of plasticity loss.  

4. While applying MGs in heat radiation convert-
ers [8], the maximal absorbed heat flow, should not ex-
ceed Qmax ≤ (0.65…0.75)(χcd)1/2ε-1(τ1)1/2TU and the 
thickness of the thermo electrode should not be lesser 
human≥ (0.65…0.75)( χ/cd)1/2(τ1)1/2TU, where d is the spe-
cific density of a thermoelectric material; τ1 is the dura-
tion of a radiation pulse.  
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