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PHASE EQUILIBRIUM IN SYSTEMS MnSe-Bi, MnBi,Ses-Se
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By methods of physical and chemical analysis we studied two sections (MnSe-Bi, MnBi,Se, -
Se) of triple system Mn-Bi-Se and their state diagrams were plotted. It was established that the
section MnSe-Bi is quasibinary, but MnBi,Se4-Se is partially quasibinary.
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Introduction

There is information on interaction in
triple system Mn-Bi-Se in literature [1]. Its
authors studied the section MnSe-Bi,Se; by
physical-chemical analysis and constructed sta-
te diagram, established the formation of two in-
termediate triple peritectic compounds at ratio
of components 1:1 and 1:3 — MnBi,Sey,
Mn3Bi,Ses correspondingly. Syngony was de-
termined and parameters of unit cellof obtained
peritectic compounds were calculated.

Information about binary systems which
make up triple Mn-Bi-Se is presented in litera-
ture [2, 3, 4].

In the system Bi-Se one congruently mel-
ting (Bi,Ses) and two incongruently melting
compounds (BiSe and Bi,Se) are formed. Bi,.
Ses melts at 706°C and has rhombohedral latti-
ce with parameters of a=4,138; c=28,6A.

Manganese with selenium forms two
compounds. MnSe melts congruently at a tem-
perature higher than 1540°C with polymorphic
transformations at 6,50, 850°C, but the compo-
und MnSe, melts incongruently. Crystals of
MnSe have a cubic lattice of type NaCl, where
a=5,46 A [3].

The system Mn-Bi contains one compo-
und of MnBi. Periods of hexagonal lattice for
MnBi are equal to a=4,25; ¢=6,01A [4].

For detecting the character of chemical
interaction in triple system Mn-Bi-Se we inves-
tigated the sections MnSe-Bi and MnBi,Se;-Se.

The investigation of alloys of the system
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was conducted by methods of physical-chemi-
cal analysis: differential-thermal (DTA), X-ray
phase, microstructural (MSA) analyses and by
measuring micro hardness. During synthesis of
alloys we used: Bi of type Bi-000; selenium
rectifier (frequency 99.9998) and manganese—
electrolytic. Obtaining of complex selenides of
manganese has experimental difficulties due to
high reactivity of manganese with container
material, that’s why synthesis of alloys is con-
ducted in graphitized quartz ampoules pumped
off till residual pressure 10° mm of mercury.
Ampoule was heated in one temperature furna-
ce vertical at temperatures 100°C higher than Ii-
quidus with further annealing one month at
temperatures 50°C lower than solidus. Equilib-
rium was controlled by measuring micro hard-
ness by its unchanged values. Alloys were
analyzed by DTA, values of micro hardness, X-
ray and MSA analyses.

Section MnSe-Bi

According to the data of DTA in alloys of
system MnSe-Bi in manganese-rich region be-
sides endoeffects of liquidus and solidus, ef-
fects of corresponding polymorphous conversi-
ons of manganese differedon thermograms.
They were realized at low temperatures by me-
tatectic reactions at slightly below temperatures
than for MnSe. Transformation of y-MnSe to -
MnSe modification in the system occurs at
780°C, but in 0-MnSe at 550°C.
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Fig.1. State diagram of the system MnSe-Bi
Table 1

Results of thermal analysis and measurement of micro hardness of alloys
of section MnSe-Bi

Content, Thermal effects, Microhardness, kG/mm?*
mol% °c
MnSe Bi Dark phase MnSe Light phase Bi
95 5 200, 550, 780 140 not measured
90 10 240, 550, 780 140 not measured
85 15 240, 550, 780 145 90
80 20 240, 550, 780 149 90
70 30 240, 550, 780 149 92
60 40 240, 550, 780 149 92
50 50 240, 550, 780 140 92
40 60 240, 550, 780, 90 140 90
30 70 240, 550, 700 140 90
20 80 240, 550 not measured 90
10 90 240, 300 not measured 90
5 95 240, 300 not measured 90
2,5 97,5 240, 280 not measured 90
- 100 275 not measured 90
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At the range of concentration 10 mol% of
MnSe only two effects are fixed in alloys, the
higher one conforms to liduidus, but the other
one corresponds to eutectic equilibrium and has
similar stopping temperature at 250°C (content
of eutectic 98 mol% Bi).

MSA data show the existence of two pha-
ses. Determination of microhardness of alloys
showed that two rows of values were obtained:
140 kG/mm? (MnSe) and 90 kG/mm? (Bi). Ac-
cording to the results of thermal analysis state
diagram of MnSe-Bi was plotted (Fig.1).

State diagram was confirmed by the data
on determination of microhardness, MSA and
X-ray analysis. Liquidus of the section MnSe-
Bi consists of two branches of initial crystalli-
zation of phases. The section MnSe-Bi is quasi-
binary section of triple system Mn-Bi-Se and is
related to eutectic type.

Section MnBi;Se4-Se

For the purpose of determining coordina-
tes of nonvariant points in quasitriple system
MnSe-Bi,Sez-Se the section MnBi,Ses-Se was
studied. On the basis of physical-chemical
analysis phase diagram of the system MnBi,.
Se4-Se was plotted (Fig. 2).

In the table 2 the results of thermal analy-
sis and measurement of microhardness of alloys
of the system MnBi,Se4-Se are presented. Cha-
racteristics of section MnBi,Se4-Se is the fact
that it cannot be named quasibinary, since the
composition of liquid phase in the crystallizati-
on process of alloys is mixed. All alloys of the
section are crystallized at temperature of triple
peritectics, as result of four-phase reaction:

L + Mn3Bi,Seg @MnBiZSm + Se

both initial phases L and Mn3Bi,Seg are fully
spent. That’s why below isotherms at 160°C,
which is a solidus of the section, we observed
only two phases of MnBi,Se; and selenium,
microhardness of which corresponds to 100
kG/mm? (MnBi,Se;) and 60kG/mm? (Se)
(table 2). Liquidus of section consists of two
branches of initial crystallization phases of
Mn3Bi,Ses and Se. Isotherm at 190°C and mo-
novariant curve (42-50 mol % Se) correspond to
release of double eutectics of Mn3;Bi,Seg + Se
monovariant curve (0-42 mol % Se) conforms
to three-phase peritectic reaction which are ob-
served in alloys.
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Fig. 2. State diagram of the system MnBi,Se,-Se
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Table 2
Results of thermal analysis and measurement of microhardness of alloys of
section MnBi,Se,— Se

Content, mol% Thermal effects, °C Microhardness, kG/mm?*

MnBi,Se, Se MnBi,Se, Se
dark phase Light phase
100 - 590 100 not measured
95 5 160, 500, 600 100 not measured
90 10 160, 550, 575 105 not measured

80 20 160, 410, 500 109 60

70 30 160, 300, 490 100 60

60 40 160, 210, 300 100 60

50 50 160, 190, 190 100 60

40 60 160, 190, 200 100 60

30 70 160, 190, 205 100 60

20 80 160, 190, 205 100 60

10 90 160, 190, 210 not measured 60

5 95 160, 190, 205 not measured 60

- 100 220 100 60
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MnSe-Bi, MnBi,Se,;-Se SISTEMLORINDO FAZA TARAZLIQLARI
D.S.9jdarova, T.F.Maqsudova, I.i.9liyev, V.M.Rahimova

Fiziki-kimyovi analiz metodlar1 ilo Mn-Bi-Se tiglii sisteminin iki MnSe-Bi, MnBi,Se,~Se kasiklari tadqiq
olunmus va onlarin hal diagramlar1 qurulmugdur. Miiayyan olunmusdur ki, MnSe-Bi kasiyi kvazibinar, MnBi,Se,— Se
kasiyi isa gisman kvazibinardir.

Acar sozlar: diagram, sintez, kvazibinar, evtektika
®A30BBIE PABHOBECHSA B CUCTEMAX MnSe-Bi, MnBi,Se,-Se
O.C.AxnapoBa, T.®@.Maxcynosa, U..AnueB, B.M.ParumoBa

Meronamu (PU3UKO-XMMHYECKOTO aHAIM3a MCCIEN0BaHbI aBa paspesa (MnSe-Bi, MnBi,Se, - Se) Tpoiinoii cucre-
MBI Mn-Bi-Se W moCTpoeHBl WX JUHarpaMMbl COCTOSHMS. Y CTaHOBJEHO, 4TO pa3pe3 MnSe-Bi kBa3uOuHapHBIH, a
MnBi,Se,~Se yacTHUHO KBa3MOMHAPHBIH.

Knroueswie cnosa: ()uazpafwwa, cuHmes, K66131/l6uHaprlﬁ, aemeKkmuKka
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