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ABSTRACT

One of the methods for processing secondary magnesium raw materials containing rare
refractory metals can be a distillation with the extraction of magnesium into condensate and the
accumulation of rare metals in the distillation residue. The residue can be used as a master alloy
for special alloys. To justify the possibility of this process, we calculated the boundaries of the
vapor-liquid equilibrium fields for the regions of liquid solutions existence in the Mg — Be, Mg —
Mn, and Mg — Zr systems at atmospheric pressure (101.33 kPa) and in vacuum (1.33 kPa). The
value of the vacuum is due to the fact that a further increase in rarefaction will lead to the
magnesium crystallization from the melt, and it will complicate the technology.We established
that in the distillation process of magnesium removal from Mg — Be and Mg — Zr alloys, the vapor
phase will be represented by more than 99.95 of magnesium. The presence of 0.45 mass.% Mn is
possible in the Mg — Mn system at 1000 °C in thevapor phase — condensate . However, results of
preliminary tests of the evaporation intensity established that the process conducted at 850-900
°C provides an acceptable evaporation rate of the volatile component (Mg) for technological
conditions.Thus, we confirmed the possibility of the proposed method to process secondary light
alloys containing beryllium, manganese, and zirconium, which can be involved in the main
process intended to produce special alloys in the form of a master alloy with magnesium.

Keywords: magnesium, beryllium, manganese, zirconium, phase diagram, vapor-liquid
equilibrium.

Volodin Valeriy Nikolaevich

Information about authors:

Doctor of Technical Sciences, Professor, Chief Researcher of the Vacuum Processes Laboratory of
Institute of Metallurgy and Ore Beneficiation, Satbayev University, Shevchenko str., 29/133,
050010, Almaty, Kazakhstan. Email: volodinv_n@mail.ru

Abdulvaliyev Rinat Anvarbekovich

Candidate of Technical Sciences, Head of the Laboratory of Alumina and Aluminium of the
Institute of Metallurgy and Ore Beneficiation, Satbayev University, Shevchenko str., 29/133,
050010, Almaty, Kazakhstan. Email: rin-abd@inbox.ru

Trebukhov Sergey Anatolyevich

Candidate of Technical Sciences, Professor, Leading Researcher of the Laboratory of Vacuum
Processes Institute of Metallurgy and Ore Beneficiation, Satbayev University, Shevchenko str.,
29/133, 050010, Almaty, Kazakhstan. Email: s.trebukhov@satbayev.university

Nitsenko Alina Vladimirovna

Candidate of Technical Sciences, Head of the Vacuum Processes Laboratory of Institute of
Metallurgy and Ore Beneficiation, Satbayev University, Shevchenko str., 29/133, 050010, Almaty,
Kazakhstan. Email: alina.nitsenko@gmail.com

Linnik Xeniya Alexandrovna

Master of Technical Sciences, Junior Researcher of the Vacuum Processes Laboratory of Institute
of Metallurgy and Ore Beneficiation, Satbayev University, Shevchenko str.,, 29/133, 050010,
Almaty, Kazakhstan. Email: xenija_linnik@mail.ru

Introduction

Magnesium alloys are used in a variety of
industries due to their low specific gravity, high
mechanical properties, high casting qualities,
biological compatibility with the human body, and
the possibility of recycling [[1], [2], and [3]]. A large
number of new alloys are being developed now.
New alloys have increased strength, ductility, heat
resistance, corrosion resistance, variable crystal size
in the matrix, and other properties. These

magnesium  materials include additives of
manganese [[4], [5], [6], [7], [8], and [9]], zirconium
[[10], [11], [12], [13], [14], [15], [16], [17], and [18]]
and beryllium [[19], [20], [21], [22], [23], [24], and
[25]].

The expansion of the scope of magnesium and
its alloy application entails an increase in the
amount of returnable magnesium  scrap
represented by details exhausted their service life
and by waste generated during the processing of
products and semi-finished products.
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Currently, secondary  magnesium  scrap
corresponding to the magnesium alloy is melted in
crucible furnaces and then cast into ingots. Most of
the scrap containing non-ferrous, ferrous, and rare
metals is melted in a salt furnace and then added to
liguid raw magnesium to make standard alloys.
Some magnesium-based scrap is used to remove
sulfur from cast iron. The issue of selling these
alloys resulted in the search for other processing
methods.

An alternative method to recycling magnesium
scrap containing rare refractory metals may be the
distillation of volatile components, in particular
magnesium, from secondary raw materials with a
concentration of alloying rare metals in the residue.
In this case, the residue can be used as a
magnesium-based alloy during alloying of special
alloys. The high magnesium vapor pressure relative
to that of Zr, Mn, and Be at moderate temperatures
(700 — 900 °C) allows to magnesium release into the
vapor phase and then into the condensate. The
judgment about the possibility of separating molten
systems into components or the lack thereof
follows from state diagrams that include the vapor-
liquid equilibrium boundaries. The construction of
such phase diagrams is possible based on the
thermodynamic functions of the solutions'
formation and evaporation, in particular the vapor
pressure values of the components that make up
the system.

In this article, we present the state magnesium
diagrams with  beryllium, manganese, and
zirconium supplemented by vapor-liquid
equilibrium fields. Since magnesium is the basis of
the alloys, we calculated the boundaries of the
vapor-liquid equilibrium fields in the concentration
regions of the existence of liquid solutions based on
experimental data on the values of the saturated
vapor pressure of the components determined by
us. The results of experiments and calculations are
presented below.

Experimental part

Preparation of magnesium alloys with
beryllium, manganese and zirconium. In binary
systems of magnesium with refractory metals -
beryllium, manganese, and zirconium, the highest
concentration field of liquid alloys existence is
present in the system with beryllium. It is
presumably up to 90 at. %Be. The existence of
liquid solutions up to a concentration of 2-2.5 at. %
was established in the magnesium-manganese

system, and up to 0.2 at. % Zr in the magnesium-—
zirconium system. Therefore, we prepared
magnesium-beryllium alloys containing from 20.17
to 76.31 at. % Be (Table 1), magnesium-manganese
alloys containing from 0.45 to 2.31 at. %Mn (Table
2), and magnesium-zirconium alloys with zirconium
content from 0.051 to 0.180 at. % (Table 3) for
research.

Table 1 — Composition of magnesium — beryllium system
alloys

Alloy Wt. % At. %

No. Mg Be Mg Be
1 45.57 54.43 23.69 76.31
2 64.73 35.27 40.49 59.51
3 83.47 16.52 65.19 34.81
4 91.43 8.57 79.83 20.17

Table 2 — Composition of the magnesium-manganese
system alloys

Alloy Wt. % At. %
No. Mg Mn Mg Mn
1 99.80 0.20 99.55 0.45
2 99.51 0.49 98.89 1.11
3 98.96 1.04 97.69 2.31

Table 3 — Composition of the magnesium-zirconium
system alloys

Alloy Wt. % At. %
No. Mg Zr Mg Zr
1 99.986 0.014 99.949 0.051
2 99.971 0.029 99.880 0.110
3 99.952 0.048 99.820 0.180

To prepare the alloys, magnesium was used
with a content of the main element of 99.99 wt. %,
beryllium — 99.9%, manganese — 99.9%, zirconium —
99.6%. The alloys were synthesized using the
ampoule method, which consists of the following.
The initial components in the form of sawdust were
loaded into quartz ampoules in quantities
necessary for the alloy preparation of a given
composition. The ampoules were washed several
times with neutral gas (argon), evacuated, and
sealed at a pressure of 1 Pa. The fusion of the
components was carried out at a temperature of
800-850 °C for 12 hours, followed by quenching in
water.

Determination of the liquid-vapor phase
transition boundaries. The construction of the
liquid-vapor phase transition boundaries of molten
systems is complicated by the high boiling
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temperatures of solutions, the difficulty in
determining the concentration of components in
the vapor phase that is in equilibrium with the
alloy, and the problem of instrumentation design
for ebulliometric measurements.

In this work, the boundaries of the melt and
vapor coexistence fields were calculated based on
the partial pressure of the saturated vapor of the
alloy components. Due to the absence of the
boiling process of liquid metal solutions because of
the high density of the metals that form them, the
boiling point was determined to be equal to the
temperature at which the sum of the partial vapor
pressures of the system’s components under
Dalton’s law is equal to atmospheric (0.1 MPa) or
other pressures corresponding to the conditions of
vacuum technologies.

The composition of the vapor phase
(v, y2= 1 — yi) above a solution of a certain
composition (x5, x>= 1 — x;) at the boiling point was
determined based on the Clapeyron-Mendeleev
equation: P,V = niRT, from which:

n(n,) _ pi(p,)
n+n, p,+p,

y,(y,)[mole fraction] =

where: x; and x.are the number of moles of the
first and second metal in the alloy; n; and n; are
number of moles of the first and second metal in
the vapor phase; p; and p; are the partial pressures
of saturated vapor of the first and second
components.

Phase transformations of condensed phases at
low pressures were not taken into account because
the temperatures of phase transitions change by
(5.0 — 5.6) x 103 °C (calculated by us) during the
move from atmospheric pressure to vacuum
according to the authors [26].

Determination of the saturated vapor pressure
values of metals. It should be noted during the
assessment of magnesium, beryllium, manganese,
and zirconium vapor pressure [27] that magnesium
vapor pressure is incomparably higher concerning
Be, Mn, and Zr. That is, the boiling point method
should be considered the most acceptable way to
determine the vapor pressure in binary systems of
magnesium with the indicated metals. This method
is based on a sharp increase in the evaporation rate
of the volatile component near the equalization of
the saturated vapor pressure of the metal and a
given inert gas pressure. The boiling point method
and the device for its implementation are described
in detail in our work [28].

In this work, we present the method for
determining the values of partial pressures of
components over the studied magnesium alloys
using the example of the Mg — Be system.

First, we determined the partial pressure values
for saturated magnesium vapor( Py, ). In this case,

we assumed that the vapor above the melt is
represented entirely by magnesium. Then, we
found the activity coefficient under the definition of
thermodynamic functions by equation:

5Mg

- o
Prg * Xg

’

yMg

where: p,‘\’,,g is the vapor pressure over elemental

magnesium; X g is the atomic fraction of
magnesium in the alloy.
The beryllium activity coefficient (y,,) was

calculated by numerical integration of the Gibbs-
Duhem equation with the use of the auxiliary
function proposed by Darken [29]. After
transformation [30], this function relates NV, and
Iny,, in the form of an equation convenient for

numerical integration:

Iny,, =

INVisg X Xy X Xge (g 1NV
- + XMgI

— 2
Be Xug =0 (1_XMg)

where X, is the atomic fraction of magnesium in
the alloy which is equal to X, =1—-X,,, .

As a result of this calculation, we can find the
partial vapor pressure of beryllium (536) as:
,_)Be :pge ><VBe ><XB(»:*OF

o .
Here P, is the vapor pressure above elemental

= _ o
Inpg, =Inp,, +Iny,, +Inx,, .

beryllium.

Results and Discussion

Determination of the vapor pressure values
over the Mg — Be, Mg — Mn and Mg — Zr melts. The
values of magnesium vapor pressure determined

experimentally by the boiling point method (EMQ,
experiment), as well as the vapor pressure values of
magnesium (EMg, calculation), beryllium (p,,),
manganese (p,,,) and zirconium (p,, ), calculated

by approximating experimental data, are given in
Tables 4-6.
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Table 4 — Partial vapor pressures of magnesium and beryllium over Mg — Be melts

Alloycomposition, 7] 7] _
at. fraction Temperature A./’g | Al/lg g Pge
K/°C experiment, calculated, kPa
Mg Be kPa kPa
1.07
1815203 1.07 1.04 2.61x 107
0.93
0.2369 0.7631
3.60
1925203 3.33 3.62 3.82x10°
3.87
1.87
1815203 2.00 1.87 1.98x107
1.73
0.4049 0.5951
6.93
1925203 7.20 6.93 2.83x10°
6.67
1.73
1800703 1.60 1.69 2.08x10°8
1.73
0.6519 0.3481
6.93
1910703 6.93 6.85 3.94x107
6.67
2.40
1800703 2.13 2.38 8.18x107°
2.53
0.7983 0.2017
9.33
1910703 9.20 9.15 1.80x107
8.93
1.73
1705203 2.0 1.72 -
1.47
1.0 -
38.00
13;3 37.20 38.01 -
38.80
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Table 5 — Partial vapor pressures of magnesium and manganese over Mg — Mn melts

Alloycomposition,

at. fraction. Temperature Pug - Pug s B,
K/°C experiment, calculated, .
Me Mn kPa kPa
1.73
1023
750 2.0 1.72 -
1.47
1.0 -
38.00
1273
1000 37.20 38.01 _
38.80
1.73
1023 }
750 1.70 1.72 1.66x10
1.76
0.9955 0.0045
6.91
1123 ;
850 6.97 6.98 1.37x10
7.04
1.70
1023 ;
750 1.75 1.71 3.08x10
1.71
0.9889 0.0111
6.87
1123 ;
850 7.08 6.94 2.80x10
6.89
1.60
1023 ;
750 1.69 1.69 5.09x10
1.79
0.9769 0.0231
6.67
1123 )
850 6.87 6.87 5.01x10
7.06

—— 94 ——
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Table 6 — Partial vapor pressures of magnesium and zirconiumover Mg — Zr melts

Alloycomposition, P B
at. fraction. Temperature Mg Mg’ P
K/°C experiment, calculated,
Mg Zr kPa kPa kPa
1.73
1023
750 2.0 1.72 -
1.47
1.0 -
38.00
1273
1000 37.20 38.01 -
38.80
1.73
1023 -21
750 1.76 1.72 1.63x10
1.71
0.9995 0.0005
6.95
1123 -19
350 6.97 7.00 2.93x10
7.01
1.73
1023 o
750 1.75 172 3.15x10
1.71
0.9988 0.0012
6.91
1123 1
350 7.11 6.99 6.39x10
7.02
1.69
1023 -21
750 1.71 1.72 4.27x10
1.71
0.9981 0.0018
6.71
1123 -19
350 6.82 6.99 9.18x10
6.96
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After mathematical processing, we obtained
the following temperature-concentration
dependencies, expressing the partial pressure
values of the component studied systems:

— for the Mg — Be system:

Inp,,[Pal=(-14746x,,, +35273x,,, —23214x,,, —
—13395)-T™" +12.452x,,, —29.745x,,, +20.106X,,, +
20.367 +Inx,,,

Inp ,,[Pal=(14746x,, —31084 x>, +14836x,, —
—35780+3094Inx,,)- T —12.452x;, +26.289x;, —
—13.194 ,_ +24.574-1.028Inx,,

for the Mg — Mn system:

Inp,,[Pal=(-301x;, —669x,,, —15153)-T " +
+0.254X,%,,g + 0.413XMQ +22.544 + Iang

Inp,,,[Pal=(-301x;,, +1873x,,, —31097 —
—1271Inx,,,)- T~ +0.254x3, —1.429x,,, +
+25.363+1.921l x,,

for the Mg — Zr system:

Inpy,[Pa]=(-327x;,, —973x,,, —14823)- T " +
+0.298xy,, +0.745x,,, +22.168+Inx,,,

Inp,, [Pa]=(-327x> +2281x, —71967 —
-1627Inx,,)- T +0.298x,, —1.937x,, +
35.098 +2.341Inx,,

Construction and analysis of a phase diagram
with a liquid-vapor phase transition. The
boundaries of the liquid and vapor coexistence
fields at atmospheric pressure (L+V) and in vacuum
(L+V 1.33 kPa, shaded) were calculated based on
the partial pressure values of the vapor
components in the region of existence of liquid
solutions of the Mg — Be, Mg — Mn and Mg — Zr
systems. The choice of the vacuum value (1.33 kPa)
is because a decrease in pressure less than the
specified value can lead to the crystallization of
magnesium from the melt, this will complicate the
distillation process.

We plotted the fields on existing state diagrams
of condensed phases [[31], and [32]], shown in Fig.
1-3. From the analysis of the boundary location on
phase diagrams, it is possible to conclude next.

The vapor phase for magnesium systems with
beryllium and zirconium will be represented by
elemental magnesium when the evaporation
process is performed up to the boiling point of
magnesium at atmospheric pressure (1107 °C).
Distillation of magnesium at 1000 °C will be
accompanied by the occurrence of 0.2 at. (0.45
mass) % Mn at vapor for liquid Mg — Mn alloys.
However, preliminary tests of the evaporation
process intensity have established that the process
conducted at 850-900 °C provides an acceptable
evaporation rate of the volatile component (Mg)
for technological conditions.

The evaporation process for magnesium from
its alloys with beryllium will be accompanied by the
accumulation of the Be compound in the residue.
Thus, when magnesium evaporates from its alloy
with beryllium (10.0 mass. % Be) at 900 °C in a
vacuum, the average evaporation rate was
5,5x10° kg/(m?xsec) with magnesium extraction
into the condensate of 61.20% and accumulation of
22.26 mass. % Be. During the extraction of 96 % Mg
into the vapor phase, the average evaporation rate
amounted to 2.61x103 kg/(m?xsec) with the
accumulation of 64.76 mass.% Be in the distillation
residue.

When magnesium evaporated from an alloy
with manganese (4.0 mass. % Mn) under similar
conditions, the average evaporation rate was
2.09 x 103 kg/(m? x sec) with 94.12 % extracting
into the condensate. 41.67 mass. % Mn being
accumulated in the residue.

t°C
2450° v
2400
2000 [ L+V
1795°
1600
r L+V (1,33kPa)
1200 1107°
L
800°
e N T —— 614
a ~99,8
400 % (Mg)+MgBe+s
O 1 1 1 1
0 20 40 60 80 100
Be Mg at. % Mg

Figure 1- Mg—Be phase diagram
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Figure 2 -Mg—Mn phase diagram
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Figure 3 —-Mg—Zr phase diagram

During the distillation of magnesium from its
alloy with zirconium (1.85 mass. % Zr) within an
hour at 900 °C, 92.56% Mg was extracted into the
condensate with an accumulation of 20.11 wt. % Zr
in the residue.

Thus, from secondary light alloys based on
magnesium, the magnesium can be converted into
condensate by distillation in a vacuum, which can
be mixed with raw magnesium. The distillation
residue with a significant content of beryllium,
manganese and zirconium, with a combined or
separate content of each, can be used as a master
alloy in the production of special alloys. The latter
ensures recycling — the return of rare refractory
metals to the processes for manufacturing alloys
with different physical properties.

Conclusions

During the analysis of methods for processing
secondary magnesium raw materials containing
rare refractory metals, the use of the latter,
including as a deoxidizer in ferrous metallurgy, was
established. An alternative method intended to
process secondary raw materials may be a
distillation process with the extraction of
magnesium into the condensate and the
accumulation of rare metals in the distillation
residue, followed by the use of the residue as a
master alloy for special alloys.

Based on complete state diagrams of the Mg —
Be, Mg — Mn, and Mg — Zr systems, including the
liguid—vapor phase transition, the boundaries of
which are calculated based on experimentally
determined values of the components' saturated
vapor pressure, the possibility of the proposed
method to process secondary light alloys containing
beryllium, manganese, and zirconium have been
confirmed. The residues containing beryllium,
manganese, and zirconium can be involved in the
main process to produce special alloys in the form
of a master alloy with magnesium.

Technological experiments have shown the
possibility of technical implementation of the
process with an intensity of magnesium
evaporation acceptable for industrial production.
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BaKkyymaa marHuiai aiigay apKbiibl aiblHFaH KaiiTalama KopbiTnanapaaH
6epunnunn, mapraHel, }XaHe LMPKOHUNAAI KauTa eHaey

BonoguH B.H., A6aynsanues P.A., Tpebyxos C.A., HuueHko A.B., J/IuHHUK K.A.

Memannypeaus 1aHe KeH balibimy uHcmumymel; Coambaes yHugepcumemi, Aamamsi, KazakcmaH

TYAIHAEME

KypambiHOa cuvpeK KublH GankuTblH MeTangap 6ap KalTanama MarHuWi LWWKi3aTbiH eHaey
a4icTepiHiH, 6ipi marHuiiai KoHaeHcaTKa 6enin any XsHe AUCTUANAUMA KanAblFblHAA CUMpeK
MeTangapapl XUHAKTay apKblibl aigay npoueci 60aybl MyMKiH. ANbiHFaH KangblKTap apHaimbl
KOpbITNanap ywiH auratypa peTiHAe KongaHblnagbl. MarHuii KopbITnanapbiH aigay apKbiibl
eHAey MYMKIHAIMH Heri3gey ywiH atmocdepansik, Kbicbimaa (101,33 kMa) xaHe Bakyymaa (1,33

Makana kengi: 28 kapawa 2023 KlMa) Mg — Be, Mg — Mn kaHe Mg — Zr KyienepiHgeri cyiblk epiTiHginepaid, 601y alimakTapbl
CapantamagaH eTTi: 3 wenamokcaH 2023 YWiH By-CyMbIKTbIK Tene-TeHAIK epicTepiHiH, WweKkapanapbl ecentengi. COHFbICbIHbIH, LUaMachl
Kabbinganapi: 12 kaHmap 2024 KbICbIM acTblHAA OfaH api XKofapbliaiapl, HaTUKeciHAe BankpimagaH Mg KpuctangaHagbl, 6yn

TEXHONOTUAHBI KublHAATagpl. Mg — Be kaHe Mg — Zr KopbITnanapblHaH MarHWiai KeTipy
npoueciHge 6y ¢asacbiHaa marHuii 99,95-neH Kofapbl 60/1aTbIHbl aHbIKTanabl. Mg — Mn
»yieciHge 1000 °C TemnepaTtypaga 6y dasacbiHaa (KoHaeHcaT) 0,45 macc.% Mn 601ybl MYMKIH.
[ereHmeH, 6ynaHy NpoOLECIHIH KapKbIHABUIbIFbIH anaplH ana cbiHaynap npouecti 850-900 °C
TEMNEPATypaja Kyprisy TEXHONOTMANbIK Kafdalnap YWiH ylwna KOMMOHEHTTIH (Mg)
6ynaHybIHbIH, KONAWAbI XKbINAAMABIFBIH KAMTaMacbI3 eTeTiHiH aHbIKTagbl. Ocblnaiiwa, 3epTTeynep
MarHMiMMeH Herisri KopbiTna TypiHAeri apHalibl KopbiTnanapabl anyAblH, Herisri npoueciHe
COHfbINAPbIH TapTa OTbIPbIN, KypamblHAa Gepunnuvii, mapraHel, »KaHe LMPKOHMI Bap eKiHwi
PeTTiK XeHin KopblTnanapAabl OHAEYAIH, YCbIHbINFAH SAICIHIH MYMKIHAITH pacTaabl.

TyliiH ce30ep: marHuii, 6epunnunin, mapraHew, LMPKOHMI, KanbiNTbl Anarpamma, 6ybl-CyMbIKTbIK,
Tene-TeHAiri.
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PeuuknuHr 6epunnma, mapraHua 1 LUPKOHUA AUCTUANALUEI MarHUA B
BaKyyme M3 BTOPUYHbIX MarHMeBbiX CN1aBOB
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AHHOTALUMUA
OpHMM M3 cnocobos nepepaboTkM BTOPUYHOTO MArHUEBOTO CbIPbs, COAEPMKALLErO peaKue

TYronnaskue MeTaibl, MOXKET 6biTb AUCTUANALMOHHbLIN Nepesen C U3BJeYeHUEM MarHua B
MNoctynuna: 28 Hoabpsa 2023

PeueHsnpoBaHue: 3 dekabps 2023
MpuHATa B Nneyvatb: 12 AHeapa 2024

KOHAEHCAT U HaKOMIEHUEM PEAKUX META/IIOB B OCTATKe OT AUCTUANALMM. [TONyYEHHbIN OCTaTOK
BO3MOXHO MCMO/Ib30BaTb B KauecTse AWraTypbl A1s crneumasnbHbix cnnasos. Ans obocHoBaHUA
BO3MOXHOCTU NepepaboTKU MarHueBbiX Cr/IaBoB AUCTUAIALMEN PacCUMTaHbl rPaHuLbl nonei
NapoXKMAKOCTHOTO PaBHOBECUs A1 0BNACTelN CyLLeCTBOBAHUSA MUAKUX PAcTBOPOB B CUCTEMAX
Mg — Be, Mg — Mn 1 Mg — Zr npu aTmochepHom aasnenunn (101,33 kPa) u B Bakyyme (1,33 kPa).
BenuunHa nocnesHero obycnosneHa Tem, YTO JasibHelLIee YBENUYEHUE PA3PEKEHUA NPUBEAET

K Kpuctannamsaumum Mg u3 pacnnaBa, YToO 3aTPyAHWUT TEXHOANOruto. bblno ycTaHOBNEHO, 4TO B
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AVUCTUNNALMOHHOM MpoLecce yaaneHua marHua us cnnasos Mg — Be u Mg — Zr naposas ¢asa
6onee, yuem Ha 99,95 byaeT npeacTasneHa marinem. B cucteme Mg — Mn npwm 1000 °C B naposoit
dase (KoHgeHcaTe) Bo3moxKHO npucytcteue 0,45 mass.% Mn. OpHaKko, NpeaBapuTeNbHbIMU
MCMNbITAaHUAMMW MHTEHCUBHOCTU NpoLecca ucnapeHnsa bbla1o yCTaHOBAEHO, YTO BeAeHUe npouecca
npu Temnepatypax 850-900 °C obecneuvBaeT npuvemiemyto AN TEXHONOTMYECKUX YCI0BWUIA
CKOPOCTb  MCNapeHus NIeTy4yero KOomnoHeHTa (Mg). Takum o06pasom, npoBefeHHbIMM
UCCNeA0BaHMAMM  MOATBEPXKAEHA BO3MONHOCTb MpPeAsioKeHHoro crnocoba nepepaboTku
BTOPUYHbIX JIETKMX CMABOB, COAep Kalmx 6epunnnii, mapraHel, U UMPKOHUI, C BOBAEYEHUEM
nocnegHVx B OCHOBHOM NPOLLECC MOYYEHUA CNeLyManbHbIX CNAaBOB B BUAE NNFaTypbl C MarHUem.

Kniouesble cnoea: MmarHuii, 6epunnuii, MapraHel, UMPKOHWM, QAuMarpamMma COCTOAHUSA,
NapoXKUAKOCTHOE paBHOBeECHeE.
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