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Abstract: From the phase diagram it is clear that the Feyg;Shos3 — Pb system is quasi-binary and has a
eutectic type of phase formation. The solid solution region with a boundary of ~4 mol% Pb at 300K was
discovered in the system. Based on the temperature dependence of the contact resistance of the eutectic
Feo67Sho 33 and the solid solution alloy (Fege7Sbg 33)0.00Pbo 01, it Was established that the contact resistance of
these materials varies within 8-10*+ 5-10 om-sm? which makes them promising for use as switching layers
in thermoelectric converters. It has been determined that the solid solution with the specified composition is
also suitable for the manufacture of low-resistance thermistors.
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Introduction

As is known, iron and its intermetallic
compounds, obtained by its interaction with
various materials, are widely used as magnets
and mind tools. Besides, in solid-state
electronics, antimony—chalcogen iron
complexes are applied as semiconductors with
various functional properties [1-6]. The field of
application of pure lead, which is another
component of the system, is wide (X-ray
protection,  battery  plates, ammunition
production, etc.), its alloys with antimony are a
material used in the manufacture of publishing

elements and industrial pumps. Lead
chalcogenides and alloys with complex
composition obtained on their basis are

promising for energy converters in terms of
photo and thermoelectric properties [7-10]. In
[11], the phase diagram of the Fe-Sb binary
system was analyzed and it was noted that the
system produced a continuous compound
containing FeSb and another peritectic
compound with the formula FeSb,. The

composition Feg67Sho 33 corresponds to eutectic
and melts at 996°C [12].

It should be noted that studies of some
cross sections in the ternary system Fe — Sb —
Pb were carried out in [13-15]; however, the
results of these studies did not provide enough
information to  fully elucidate  the
physicochemical interaction occurring in the
system. For example, in the [13] it has been
shown that a large area of the triangle covers the
foliation formed by the primary components.
But no exact border of this territory has been
defined. In addition, there are other
misunderstandings in the triangle. Therefore,
taking into account the need to study additional
sections in the Fe — Sb — Pb triangle, we
explored the Feg 67Sho 33 — Pb section and carried
out a number of studies to expand the areas of
application of the obtained alloys. The
Feo 67Sbo 33 — Pb system has not been studied so
far.
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Experimental section

Feos7Sbo3s eutectic, which is the initial
component of Fepe;Shoss — Pb system, was
synthesized from high-purity Fe and Sb
elements. The components Fegg7Shoss and Pb
were synthesized by alloying at a pressure of
0,133Pa using the ampoule method. Alloys of
the Feog7Shp3s — Pb system were subjected to
heat treatment at a temperature of 250°C for 240
hours to homogenize them. Equilibrium alloys
were studied by methods of physicochemical
analysis: differential thermal analysis (DTA),
X-ray diffraction (XRD), microstructural
analysis (MSA), as well as by measuring
density and micro-hardness.

Differential thermal analysis was carried
out by means of a Pt/Pt-Rh thermocouple on a
low-frequency temperature recorder
TERMOSCAN-5. Also, X-ray phase analysis of
the alloys was carried out on a D2 PHASER
diffractometer. CuK, and a Ni filter were used
as irradiators. Also, microstructure analysis was
carried out using a MIM-8 brand microscope.
Solutions of NHO; + H,O = 2:1 were used as
dyes to identify phase boundaries in the
samples. Pb - rich alloys were etched with

NaOH alkali. Microhardness was measured
using a PMT-3 metallographic microscope.
Density was determined by the pycnometric
method, where toluene was used as a filling
solution. The methods wused mainly in
physicochemical analysis [16]. Alloys of the
Feos7Sboss — Pb system were gray alloys
obtained in compact form. It was established
that alloys containing 0-60 mol% were resistant
to air and organic solvents. Alloys with a 60-
100 mol% Pb content were gradually covered
with an oxide film. Samples rich in Fege7Sbg 33
are highly soluble in solid nitric acid. Pb - rich
alloys gradually dissolve in alkalis NaOH and
KOH. During the thermal analysis of alloys, it
was found that two endothermic effects are
formed in thermograms. The presence of two
thermal effects in thermograms indicates the
two-phase nature of alloys (with the exception
of a solid solution compositions).

The value of the contact resistance of the
solid solution alloy (Feg 67Sbo 33)0.99Pbo 01 Of the
eutectic composition Fege;Sb 33 was measured
within the temperature range 100+450 K
according to the method given in [17].

Results and discussion

The microstructure analysis of Fegg7Sbo 33
— Pb system alloys shows that they are two-

phase. Around Feg7Sho 33 there is only a single-
phase field.
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Fig. 1. X-ray diffractograms of alloys of the Feg 7Shg 33 — Pb system
(1 — Feo,67Sbo,33; 2—-20;3-60;4—100 mol% Pb)
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Thus, X-ray phase analysis fully confirms
the accuracy of DTA and MSA analyses. Based
on the results of physicochemical analysis, the
phase diagram of the Fegg7Sbpss — Pb system
was constructed (Fig. 2). The system is quasi-
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binary and has a eutectic phase diagram. In the
system at room temperature, a 4 mol% solid
solution region is formed based on Feg7Shg 33,
while a solid solution region is not detected
based on Pb.
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Fig. 2. Phase diagram of the Feg 67Sho 33 — Pb system

The liquidus of the Fegg7Sbpss — Pb
system consists of liquidus alloys of the solid
solution - a and the element Pb, formed on the
basis of the Fegg7Sho 33 eutectic. Crystallization
of the solid solution - o from the liquid occurs
in the concentration range of 0-95 mol% Pb.
The joint crystallization of the solid solution - o
and Pb ends with the formation of a double
eutectic, which also has a content of 95 mol%
Pb and a temperature of 300°C. In the eutectic
crystallization system, the formation of
crystalline centers of the Feg7Shoss phase in a
liquid alloy with a composition corresponding
to the eutectic point is more likely than in the
Pb-rich phase. During the crystallization of
eutectic alloys, pseudo-primary crystals of the
Feos7Sbo3s phase are first separated under
conditions of light super-cooling (~3-5°C).
After a short period of time, crystals of the
second phase are formed. As shown in [18], the
fact that the eutectic phases have an even
number of intergrowths is not considered to be a
stable characteristic of the system, since its state

can be changed by introducing appropriate
additives into the system. The composition of
the studied alloys and the values of other
measured parameters are given in Table 1. In
the compositions of solid solutions, an increase
in microhardness is observed, which indicates
that the detected solid solutions belong to the
substituting type.

It is known that eutectic alloys belong to
the class of composite materials. They have
potentially superior properties due to many
features and are widely used for ohmic contacts
in electronic devices [19]. For this reason,
intensive scientific and applied work is
currently being carried out to obtain eutectic
alloys of a new composition and study their
properties.

In particular, the use of -eutectic
compounds as inter-element switching materials
in thermoelectric energy converters creates
effective conditions for obtaining high-quality
results [20].
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Table 1. Results of measurements of compositions, thermal effects, densities and microhardness of
alloys of the Feg 7Sbhg 33 — Pb system

Composition, mol% Microhardness of phases, MPa
Thermal effects, Pycnoetic Phases rich in Phases rich in
Feg,67Sbo 33 Pb °c density, g/m* Feo,675bo 33 Pb
P=0,15 N P=0,01 N
100 0.0 996 7.42 3400 -
95 5.0 640,993 7.69 3500 —
90 10 300,990 7.81 3300 -
80 20 300,960 8.21 3300 —
70 30 300,910 8.59 3300 -
60 40 300,860 8.99 3300 -
50 50 300,790 9.38 3300 —
40 60 300,720 9.77 3300 350
30 70 300,630 10.16 3300 350
20 80 300,515 10.55 — 350
10 90 300,380 10.94 — 350
5,0 95 300 11.14 - 350
0,0 100 327 11.34 — 350
i

100 200

200 400 500
TK—

Fig. 3. Temperature dependences of the contact resistance of the eutectic composition Feg 7Sbo 33
(l) and the solid solution aIon (Feo,578b0133)oyggpb0’01 (2)

Taking these into account, the
temperature dependences of some
electrophysical parameters of the eutectic alloy
containing crystals of FepgSbpss and  solid
solutions (F60,67Sbo,33)o,ggpbo,01 were studied,
and based on the results obtained, the extent of

their application in device manufacturing was
clarified. The temperature dependences of the
contact resistance values of the Fepg7Shoss
eutectic and the solid
SO|UtiOn(F80,67Sbo’33)oyggpbo’01 in thin square-
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shaped samples shown in the experimental part
are shown in Fig.3.

In both samples, the amount of Rk shows
a linear increase up to room temperature. A
linear increase in resistance with increasing
temperature in contact materials is considered
normal [21]. The dependence curves decrease
after passing the maximum, that is, the
resistance decreases in absolute value. In
considering that eutectic compositions with
metallic properties have found a wide range of
applications as a switching layer in thermal
generators with alternative energy sources, then
there is no doubt that the synthesized eutectic
Feo.67Sbo 33 and solid solution
(Feo,67Sho 33)0,99Pbo 01 are promising for thermo-
elements. On the other hand, the efficient
operation of thermoelectric energy converters
and the presence of stable parameters depend on
the efficiency of the material used in the
generator and the transition resistance between
the contact material and the semiconductor
crystal.

This dependence is characterized by the

formula Z=a’/ ae[p+%j. Here, Z - is

the  thermoelectric  efficiency of the
semiconductor material of the thermocouple, o -
is the coefficient of thermoelectric motive force
(thermo EMF) in the thermocouple material, & -
is the thermal conductivity of the material, p - is
the specific resistance of the thermocouple
material, and € - is the length of the
thermocouple arm, that is, its height. The
quantities in parentheses in the denominator of
the formula only characterize the switching
material, and their role in the thermoelectric
efficiency is great.

To achieve the ohmic nature of the
contact, in the metal-semiconductor contact
(here the eutectic composition is like a metal,
and any branch of the thermocouple is like a

semiconductor) the output work of the metal
must be smaller than the output work of the
semiconductor material. Otherwise, as the
difference in output work rises, the height of the
barrier fence will also rise linearly, that is, a
Schottky barrier will appear in the contact and
the contact will perform the task of a Schottky
diode. However, due to the influence of surface
phenomena in the metal-semiconductor contact,
this factor may be disrupted and become
ineffective. For this reason, the choice of
contact materials based on output characteristics
provides no positive result when choosing
ohmic contacts. Taking into account the above,
it is necessary to develop technologies for
producing semiconductor alloys with heavily
doped regions that provide favorable volumetric
metal-semiconductor contact. In other words,
the contact like this should form a structure of
the n* —n or p* — p . For such a heavily alloyed
region, a solid solution alloy containing
(Feo,67Sho33)0.09Pboo1  can be used, since it is
known from the literature that solid solution
alloys belong to the class of highly alloyed
materials. For this reason, the
(FeO,67Sbo,33)o,99Pb0,01 solid solution aIon is
capable of creating good compatibility with the
semiconductor arm of a thermocouple in
addition to being a quality ohmic contact [19].
The synthesized eutectic composition
Feos7Sboss and the solid solution alloy
(Feo,67Sbo 33)0,99Pbo o1 may have another area of
application. As can be seen from Fig.3, the
resistance decreases at temperatures above 300
K in both samples. This feature allows these
materials to be used in the manufacture of
thermistors. Thus, comparing the parameters of
thermistors in the literature, it is known that the

resistive  indicators of the synthesized
composition (Feo,67Sbo 33)0,99Pbo 01 are
competitive  with  thin-film  metal-ceramic

thermistors and low-resistance wire thermistors
with high dissipative capacity specified in [22].

Conclusion

- The nature of the physicochemical
interaction of the eutectic alloy Feg g7Sbg 33 with
metallic lead was clarified and the state diagram
of the (Feove78boyg3)oyggpbo,01 system  was
established for the first time. The mechanism of
eutectic crystallization in the system was

described,;

- From the temperature dependence of the
contact resistance of the solid solution alloy
(Feo,67Sbo 33)0,99Pbo 01, discovered on the basis of
the Feg67Sho 33 eutectic, it was established that
this composition is not only a high-quality
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switching material for thermocouples, but is thermistors.

also promising for production of low-ohm

References

Tazibt S. et al. Electronic, magnetic and
structural properties of neutral, cationic and
anionic, Fe,S,, FesS, and FeySy clisters. J.

Properties of PbBisTe;-Based Anion-
Substituted Layered. Solid Solutions. 2004,
no. 11, pp. 1146-1151.

Phys. B At. Mol. Opt. Phys. 2010, vol. 43, 9. Ugai Ya.A., Samoilov A.M., Sharov M.K.,
no.16, pp. 165101. Yatsenko O.B., and Akimov B.A. Transport
Lyubutin 1.S. et al. High-temperature Properties of Ga-Doped PbTe Thim Films
resdistribution of cation vacancies and on Si Substrates. Inorganic materials.
irreversible magnetic transitions in the Fe;. 2002, vol. 38, no.1, pp. 12-17.

xS nanodisks observed by the Mossbauer 10. Ahmedova G.A., Aliyeva T.J., Abdinova
spectroscopy and magnetic measurements. G.J., Ahundova N.M., Jafarova S.Z.,
J. Nanoparticle Res. 2011. vol. 13, no.10, Abdinov J.Sh. PbTe crystals and electrical
pp. 5507-5517. properties of metal-semiconductor junction
Liang D. et al. A facile synthetic approach based on them. Azerbaijan Journal of
for copper iron sulfide nanocrystals with Physics. 2014, vol. XX, no.1, section: Az,
enhanced thermoelectric  performance. pp. 3-7.

Nanoscale. 2012, vol. 4. No. 20, pp. 6265- 11. Lyakishev N.P. Phase diagrams of binary
6268. metal systems. Reference books in 3
Wang Y.-H.A., Bao N., Gupta A. Shape- volumes. M: Mechanical engineering, 2001,
controlled synthesis of semiconducting vol. 3, p. 872.

CuFeS; nanocrystals. Solid State Sci. 2010, 12. Samsonov G.V., Abdulsalyamova M.N.
vol. 12, no. 3, pp. 387-390. Antimonidi, Dushanbe, Publishing House.
Abilov Ch.l., Agayeva M.F. Technological Donnsch, 1977, p. 246.

characteristics of p-n junctions created by 13. Agayeva M.F. Identification of the nature
the diffusion of lead in FeSb. Proceedings of physico-chemical interaction in ternary
of the international conference “Scientific systems Fe(Co, Ni)-Pb-Sb and the
and technological progress and modern properties of new phases // Abstract of the
aviation” dedicated to the 75th anniversary dissertation for the degree of Doctor of
of Academician A.M. Pashayeva. Baku, Philosophy in chemistry. Institute of
2009, Printing house of Heydar Aliyev Chemical  Problems, Baku, ANAS
International Airport, vol. 1, p. 195-197. Azerbaijan. Republic, 2011, typography
Emanuele Longo, Clandia Wiemer, “TI-MEDIA”, p. 25.

Raimondo Cecchini, Massimo Longo at all 14. Raghavan V. Phase diagram evaluation Fe-
Chemical  structural and  magnetic Pb-Sb (Iron-Lead-Antimony). Journal of
properties of the Fe/Sb,Te; interface. Phase Equilibria and Diffusion. 2008, vol.
Journal of Magnetism and Magnetic 29, no.5, pp. 451-451. DOI:
Materials. 2019, vol. 474, pp. 632-636. 10.1007/s11669-008-9380-2.

Huseynov F.N., Babanly K.N., Aliev L.I., 15. Sun, Z.,& Zeng L. The phase relationship in
Babanly M.V. Phase equilibria in the PbSe the Fe-Pb-Sb ternary system at 500 K.
— Bi,Se; — Se system and thermodynamic Journal of Alloys and Compounds. 2004,
properties of intermediate phases. Russian vol. 370, no.(1-2), pp. 133-136. DOI:
Journal of Inorganic Chemistry, 2012, vol. 10.1016/j.jallcom.2003.09.022.

57, no. 1, pp. 100-103. DOI: 16. Babanly M.B., llyasly T.M., Sadygov F.M.,
10.1134/S003602361201010X. Yusibov YUu.A. Fundamentals of
Shelimova L.E., Konstantinov P.P., physicochemical analysis. Baku: BSU

Karpinski O.G., Avilov E.S., Kretova M.A.,
and Zemskov V.S. Thermoelectric

Publishing House, 2002, p. 250.

CHEMICAL PROBLEMS 2024 no. 1 (22)



74 NATURE OF EUTECTIC CRYSTALLIZATION

17. Pavlov L.P. Methods for measuring Bi,Te,7Seps solid solutions with a Bi-Sn
parameters of semiconductor materials. M: alloy on the resistance of the near-contact
Higher School Publ, 1987, p. 239. layer of the crystal. News of RAS, Inorgan.

18. Babayev Y.N., Mammadova Q.T. Eutectics Materials. 1996, vol. 32, no. 5, pp. 683-
and eutectic compositions. Baku,:Tehsil 687.

NPM, 2007, p. 250. 21. Abilov C.1., Hasanova M.Sh. Development

19. Zargarova M.l.,, Kakhramanov K.Sh., of technology for creating solid-state
Magerramov A.A., Roshal R.M. Physico- electronic devices based on crystals of
chemical basis for the selection of contact ternary tellurides of lead, indium and some
materials. Baku: EIm Publ., 1990, p. 168. 3D elements. Baku: EIm Publ., 2005, p.

20. Alieva T.D., Akhundova N.M., Abdinov 144,

D.Sh.. Dependence of the resistance of the 22. Grabowski B. Handbook of electronics
transition contact of BigsShisTes wu (2nd edition) M.: DMK Press. 2009, p. 416.

Feo 67Sbg 33 — Pb SISTEMIND® EVTEKTIK KRiISTALLASMANIN TOBIOTI VO ASKAR
EDILON HOMOGEN FAZALARIN BORK CiSiM ELEKTRONIKASINDA TOTBIQ
IMKANLARI

C.I. Obilov, M.S. Hasanova, E.K. Qasimova, N.T. Hiiseynova, S.M. Cavadova

Azarbaycan Texniki Universiteti
Az1073, Baki, H.Cavid pr. 25
e-mail: cabilov@yahoo.com, mhsh28@mail.ru, ema-77@mail.ru, nigar_guseynova@Iist.ru,
Cavadova_Seva@mail.ru

Xiilasa: Qurulan hal diagramindan malum olmusdur ki, Fegg7Sbo3s — Pb sistemi kvazibinar olub
evtektik tipli fazasmalagalma taibatine malikdir. Sistemds sorhoddi 300K-da ~4 mol%Pb olan bark
mohlul sahasi agkar edilib. Fegg7Sbg 33 evtektikisinin va onun asasinda alinan (Feg 7S 33)0,99Pbo 01
bork mohlul orintisinin kontakt miigavimatinin temperatur asililigindan miioyyon edilmisdir ki, bu
materiallarin kontakt miigavimati 8-107* +5-10"* Om-sm? giymetlori araisnda doyisir ki, bu da
onlar1 termoelektrik geviricilorindo kommutasiya toboagosi kimi istifado edilmasi tigiin perspektivli
edir. Gostorilon torkibli bark mohlul torkibinin asagi omlu termorezistorlarin hazirlanmasi tigiin do
yararli oldugu miioyyanlosdirilmisdir.

Acar sozlar: Evtektik kristallasma, bark mohlul, kommutasiya materiali, termorezistor

MPUPOJA DBTEKTUYECKOMN KPUCTAJJIN3AIIMNA B CUCTEME Feg6;Sbo 23— Pb M
BO3MOXKXHOCTHA HPUMEHEHHUA OBHAPYKEHHBIX OJHOPOIHBIX ®A3 B
TBEPJOTEJIBHOU 2JIEKTPOHUKE

Y.U. Aouaos, ML.III. I"'acanora, J.K. I'acymoBa, H.T. I'yceiinoBa, C.M. /I:kaBanoBa

Azepbaiikanckuil TexHndeckuil Y HUBEpCUTET
AZ 1073, baxy, np. I". Jocasuoa, 25
e-mail: cabilov@yahoo.com, mhsh28@mail.ru, ema-77@mail.ru, nigar_guseynova@list.ru,
Cavadova_Seva@mail.ru

AunnoTtauusi: 13 noctpoeHHo# (a3oBoit quarpamMmel cucteMbl Feg7Sho sz — Pb cienyer, uto ona
ABIISICTCA KBA3MOMHAPHOM U MMeeT 3BTEKTHUECKuil TuM (a3zoodpa3oBanus. B cucreme obHapyxeHa
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obnacte TBepAoro pactBopa c¢ rpanuieii ~4 mon% Pb mpu 300 K. Ha ocHOBe TemmeparypHOit
3aBUCHMOCTH KOHTAKTHOTO COMPOTHBICHUS 3BTEeKTHKH Fepg7Shoss M TBepaopacTBOpPHOTO CruiaBa
(Feo,67Sb0.33)0,99Pbo 01 ycTaHOBIIEHO, YTO KOHTAKTHOE COMPOTUBIICHHUE ATHX MAaTEPHAIIOB H3MCHSETCS
B Ipenenax 810 +5-10*om-cM?, uTO nmEemaer uWx NEPCICKTUBHBIMY JUISI  HMCIIOJb30BAHUS B
TEPMODBJICKTPUYECKHUX TpeobpazoBateisax. OnpeaesieHo, YTo TBEPAbIH pacTBOP YKa3aHHOTO COCTaBa
MIPUTOJCH TaKXKe JUIT U3TOTOBJICHHS HU3KOOMHBIX TEPMOPE3UCTOPOB.

KaioueBble ¢jI0Ba: 3BTEKTHYECKAas KPUCTALIM3ALNSA, TBEPABIA PAaCTBOpP, MEPEKITIOYAROLIHIA
MaTepHa, TEPMUCTOP.
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