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Abstract: Magnesium alloys of the Mg—Al and Mg—Zn systems have a wide effective solidification range (ESR), and
as a result, have the tendency to hot brittleness during casting. There are several methods for analyzing and calculating
the hot brittleness of magnesium alloys, but they are very labor-intensive. In this regard, the objective of the study is to
develop a model for calculating the hot brittleness index (HBI) based on the value of the calculated effective solidification
range, identifying and analyzing their relationship in binary and multicomponent alloys based on the Mg—Al and Mg—Zn
systems. The ESR was calculated using the Thermo-Calc program (TTMG3 database). The ESR was calculated as the dif-
ference between the temperature of formation of a given amount of solid phases and the nonequilibrium solidus tempera-
ture. The study showed a good correlation between the calculated values of ESR and HBI in both binary and multicompo-
nent magnesium alloys. In the Mg—Al system alloys, the calculated dependences of the ESR at 90 % of solid phases
(ESRyp) show the best correlation with the experimental values of HBI. In the binary alloys of the Mg—Zn system, a quali-
tatively similar dependence is observed. However, no clear correlation was noted between the ESR and HBI. The ESRgs
and ESRg( dependences demonstrate the closest nature. According to the relationship between HBI and ESR, the consi-
dered multicomponent alloys are divided into two groups as a first approximation: the first one is the Mg—Al-Zn system
alloys; the second one is the Mg—Zn—Zr and Mg—Nd—Zr alloys. Within these groups, the dependence of HBI and ESR has
a nature close to a linear one. To describe the dependence of all alloys, a single equation can be applied if ESRgs is used in
the calculations for Mg—Al-Zn alloys and ESRgy — for Mg—Zn—Zr and Mg—Nd—Zr alloys. The proposed model will allow
for easy and quick calculation of the HBI, which is very important in the development of new high-tech magnesium alloys.
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INTRODUCTION

Magnesium alloys combine a good level of mechanical
properties with low density. Almost all cast magnesium
alloys belong to two basic alloying systems — Mg—Al and
Mg—Zn [1; 2]. Alloys of the Mg—Al and Mg—Zn systems
have a very wide solidification range [3]. In this regard,
when selecting the composition of cast alloys, it is neces-
sary to take into account the possibility of narrowing the
solidification range, or more precisely, the effective solidi-
fication range (ESR) — the range between the temperature
of the onset of linear shrinkage and the nonequilibrium soli-
dus of the alloy [3]. It can be said that the ESR value direct-
ly determines the tendency of the alloy to form cracks of
solidification origin or hot brittleness [3; 4]. The appear-
ance of solidification cracks in castings is an irreparable
defect. Experimental determination of the ESR value is
a very labor-intensive process [3; 4]. The authors of
the work [5] proposed a method for calculating the ESR
value using thermodynamic calculations of nonequilibrium
solidification for binary and ternary aluminum-based alloys.

facturability during casting [6], and the possibility of calcu-
lating the ESR and the hot brittleness index (HBI) in multi-
component aluminum-based alloys was identified [7].

The problem of the formation of cracks of solidification
origin is no less acute during casting of castings from mag-
nesium alloys [8—10]. There are several methods for analyz-
ing and calculating the hot brittleness of magnesium alloys,
but they are very labor-intensive [11-14]. For example,
the authors of the work [11] estimated the tendency to form
cracks of solidification origin based on the characteristics
of mechanical properties in the solid-liquid state and
the location of the layers of the last liquid. The results of
[12] are based on the optimization of the Clyne — Davies
model and use a very narrow parameter for determining the
HBI on a 4-point scale. In the work [14], a complex and
inaccessible method of neutron diffraction was used to ana-
lyze the initiation of hot cracks. The proposed approach is
faster and sufficiently accurate.

When designing castings for casting from known mag-
nesium alloys, when developing new casting magnesium

It was shown that it is the effective solidification range, and
not the full solidification interval, that determines the manu-
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alloys, it is necessary to take into account the level of casting
properties, especially the HBI. Cracks of solidification
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origin can also form in ingots of deformable magnesium
alloys. As shown in the example of aluminum alloys,
the HBI is directly related to the ESR value. Therefore,
there is a need to analyze the relationship between the ESR
and the HBI value for magnesium alloys. Identifying pat-
terns similar to those obtained in aluminum alloying sys-
tems will allow using this technique for calculating
the HBI, which is especially important when developing
new magnesium alloys. This study is aimed at adapting
the method for calculating the ESR for binary and multi-
component alloys based on the Mg—Al and Mg—Zn systems
and analyzing the relationship between the calculated ESR
and the experimentally determined HBI.

The aim of this study is to develop a model for calculat-
ing the hot brittleness index based on the value of the calcu-
lated effective solidification range, establishing and analyz-
ing their relationship in binary and multicomponent alloys
based on the Mg—Al and Mg—Zn systems.

METHODS

The calculation of the ESR was performed using
the Thermo-Calc software product (TTMG3 magnesium
alloy database). The ESR was calculated as the difference
between the temperature of formation of a given amount of
solid phases (from 65 to 90 %) and the nonequilibrium soli-
dus temperature. Additionally, the values of the total equi-
librium solidification range TSR¢q were calculated as the
difference between the liquidus temperature and the equi-
librium solidus temperature; the total nonequilibrium solidi-
fication range TSRnoeq — as the difference between
the liquidus temperature and the nonequilibrium solidus
temperature. The calculation of nonequilibrium solidifica-
tion is based on the Sheil model, which assumes complete
passage of diffusion processes in the liquid and complete
suppression of diffusion in the solid phase. To compare
the calculated values of ESR and TSR with hot brittleness,
experimental data on the HBI of binary and multicompo-
nent alloys from work [3] were used, which are in good
agreement with more recent information on binary Mg—Zn
alloys [14; 15], Mg—Zn alloys with the addition of Y [16] or
Y and Zr [17-19], Mg—Al alloys [20-22]. The HBI of mag-
nesium alloys in work [3] was determined by one of
the most common tests for magnesium and aluminum
alloys — the ring test. In this test, the melt is poured into
a sand mold with a metal rod and a refrigerator on half of
the ring, and the critical width of the ring in millimeters is
determined.

RESULTS

For binary alloys of the Mg—Al and Mg—Zn systems in
the concentration range from 0 to 6 % of Al and from 0
to 10 % of Zn, nonequilibrium solidification curves were
constructed. Fig. 1 presents typical dependences of
the change in the mass fraction of solid phases during
nonequilibrium solidification of Mg-0.75%Al, Mg—
1.5%Al, Mg—1%Zn, and Mg-2%Zn binary alloys. The so-
lidification process of the Mg—0.75%Al alloy (Fig. 1 a)
begins at a temperature of 646 °C with the formation of
a magnesium solid solution (Mg). Under equilibrium condi-

tions, solidification ends at 637 °C, in accordance with
the dotted curve. Under nonequilibrium conditions, solidifica-
tion ends at 553 °C, in accordance with the solid curve.
As aresult, TRS¢q and TRSyoneq are 9 and 93 °C, respectively.
As mentioned above, the ESR is the interval between
the temperature of the onset of linear shrinkage and
the nonequilibrium solidus. The temperature of the linear
shrinkage onset usually corresponds to the formation of 65—
90 % of solid phases in the alloy. It is for this range of
the amount of solid phases that the ESR values were calcu-
lated (Table 1). Using the Mg—0.75%Al alloy as an ex-
ample, Fig. 1 a shows the intervals corresponding to the cal-
culated ESR values for 65, 80 and 90 % of the solid phases.
For comparison, the solidification process of the Mg-—
1.5%Al alloy (Fig. 1 b) begins at 642 °C and ends under
equilibrium conditions at 624 °C, and under nonequilibrium
conditions — at 437 °C. In this case, the solidification of
the Mg—1.5%Al alloy (Fig. 1 b) ends with the formation of
the Mgi7Al; phase in the eutectic with (Mg). A similar
solidification pattern was observed in the Mg—1%Zn
(Fig. 1 ¢) and Mg—2%Zn (Fig. 1 d) alloys. The obtained
calculation data were used to construct a nonequilibrium
solidus in the Mg—Al and Mg—Zn systems. All critical tem-
peratures of formation of 65, 80 and 90 % solid phases,
nonequilibrium and equilibrium solidus and liquidus (Tese,
Ts0%, Too%, Tns, Teqs, Tiq), calculated ESR values corre-
sponding to formation of 65, 80 and 90 % solid phases
(ESRss, ESRgy, ESRyg), calculated values of equilibrium
and nonequilibrium TSR (TSReq, TSRioneq) for all binary
alloy compositions (first column of the table) are collected
in Table 1. The calculation results are used to analyze the
relationship of ESR and TSR with the experimental HBI
values in binary alloys of the Mg—Al and Mg—Zn systems.
Fig. 2 shows as an example the dependences of the mass
fraction of solid phases in the process of nonequilibrium
solidification of multicomponent ML5 (Mg—Al-Zn) and
ML10 (Mg-Nd—Zr) alloys. Similar dependences were used
to calculate the critical temperatures and intervals for all
multicomponent alloys. The solidification process of
the ML5 alloy begins at 629 °C with the formation of
the AlsMns phase (Fig. 2 a). Under equilibrium conditions,
solidification ends at 489 °C, and under nonequilibrium
conditions — at 412 °C, which corresponds to TSR.;=140 °C
and TSRuoneg=217 °C (Table 2). In the process of nonequi-
librium solidification, the (Mg), Al;1Mn4 and AlsMn phases
are formed by eutectic and peritectic reactions, and
the Al;1Mny and AlgMns phases dissolve (Fig. 2 a). Solidi-
fication of the ML10 alloy begins at 737 °C with the for-
mation of the a-Zr phase, then the (Mg) and Mg41Nds phas-
es appear (Fig.2Db). In this case, in the ML10 alloy,
TSRuoneg=237 °C (Table 2), i.e. wider than in the ML5 al-
loy. However, in this case, ESR¢s in the ML10 alloy is sig-
nificantly narrower — 55 °C versus 139 °C in the ML5 alloy
(Table 2). Results of calculations of critical Tgso, Tsov,
To0%, Tns, Teqs, and Tiq temperatures and ESRgs, ESRgo,
ESRgo, TSReq, TSRuoneq intervals for different multicompo-
nent alloys based on the Mg-Al-Zn (ML1, ML2, ML3,
ML4, MLS5, ML6, ML7-1), Mg—Zn—Zr (ML12, ML15), and
Mg-Nd—Zr (ML10) systems are collected in Table 2.
The obtained calculated data on the ESR values are analyzed
in comparison with the experimentally determined HBIL
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Fig. 1. Change in the mass fraction of solid phases during nonequilibrium solidification (dashed line — equilibrium solidification)
of binary alloys: a — Mg—0.75%Al; b — Mg—1.5%Al; ¢ — Mg—1%Zn; d — Mg—2%Zn (L — liquid phase)
Puc. 1. H3zmenenue maccosoti 00u meepovix (pas 6 npoyecce HepasHOBECHOU KPUCIAIIUZAYUU

(NYHKMUP — PABHOGECHAs KPUCAIUZAYUS) OBOUHBIX CRIABOE:
a—Mg—0,75%Al; b— Mg—1,5%Al; ¢ — Mg—1%Zn; d — Mg—2%Zn (L — ocuokas ¢haza)

Table 1. Values of calculated temperatures and ranges for alloys of the Mg—Al and Mg—Zn systems
Tabnuya 1. 3nauenus pacuemuvlx memMnepamyp u UHmMepeanos ois cniaeoe cucmem Mg—Al u Mg—Zn

Al % Tgs Yoo Ts0 %, Too %, Ths., Teqs. Tiigy °C ESRg¢s, ESRso, ESRoo, TSReq, | TSRuoneq,
C °C °C °C °C °C °C °C °C °C
Mg-Al

0.1 649 648.5 648 642 648 649.3 7 6.5 6 1.3 7.3
0.5 645 643 638 590 641 647 55 53 48 6 57
0.75 642 638 631 553 637 646 89 85 78 9 93
1 639 635 623 511 632 645 128 124 112 13 134
1.25 636 631 617 464 629 643 172 167 153 14 179
1.5 634 624 611 437 624 642 197 187 174 18 205
2 628 618 598 437 615 640 191 181 161 25 203

4 607 584 535 437 582 630 170 147 98 48 193

6 583 545 465 437 542 618 146 108 28 76 181
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Continue of the Table 1

Mg-Zn
0.1 649.2 648.6 647.8 632 646 649.7 17.2 16.6 15.8 3.7 17.7
0.5 646 643 638 540 634 648 106 103 98 14 108
1 643 637 626 396 619 647 247 241 230 28 251
1.5 638 630 6112 341 600 645 297 289 5771 45 304
2 635 623 599 341 577 644 294 282 258 67 303
3 626 608 568 341 548 641 285 267 227 93 300
4 618 596 536 341 502 638 277 255 195 136 297
6 599 563 455 341 424 632 258 222 114 208 291
10 560 485 341 341 341 618 219 144 0 277 277
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Fig. 2. Change in the mass fraction of solid phases in the process of nonequilibrium solidification
(dashed line — equilibrium solidification) of multicomponent alloys: a — ML5; b— ML10
Puc. 2. H3menenue maccogou 001u meepovix (pas 6 npoyecce HepagHOBECHOU KpUCMALIU3AYUY
(MyHKMUp — PAGHOBECHAS KPUCALIUZAYUS)) MHO2OKOMNOHEHMHbIX cnia6oe: a — MJIS; b — MJI10
DISCUSSION system alloys (Fig. 3 b), the calculated dependences of

Based on the results of calculating the nonequilibrium
solidification of binary alloys, the nonequilibrium solidus
lines were plotted in the magnesium angle of the Mg—Al
and Mg—Zn systems (Fig. 3 a, 3 ¢). During solidification of
the Mg—1.5%Al and Mg-2%Zn alloys, a nonequilibrium
excess of the Mgi7Ali» phase appears at a temperature of
437 °C (Fig. 1 b) and MgZn, at a temperature of 341 °C
(Fig. 1 d). Fig. 3 b, 3 d shows the dependences of the calcu-
lated values of ESR (for different amounts of solid phases),
TSReq, TSRnoneq and the experimental values of HBI for
binary alloys of the Mg—Al and Mg—Zn systems. The calcu-
lated values of TSReq do not correlate with the values of
ESR and, accordingly, with HBI. In this case, as in alumi-
num alloys of eutectic systems [5; 6], the TSRuoneq values
are in good agreement with the ESR value. In the Mg—Al

ESRyy show the best correlation with the experimental va-
lues of HBI. The rate of decrease in HBI practically coin-
cides with the rate of decrease in the calculated value of
ESRyo. In binary alloys of the Mg—Zn system, a qualitative-
ly similar dependence is observed (Fig. 3 d). However, no
clear correlation was noted between ESR and HBI.
The ESRess and ESRgy dependences demonstrate the closest
nature (Fig. 3 d).

The position of the HBI maximum somewhat diverges
from the maximum calculated ESR value. Thus, in the Mg—
Al system, an alloy with 1 % of Al has the maximum HBI,
which is confirmed by the data of work [9; 10], and
the Mg—1.5%Al alloy has the highest calculated ESR. It is
worth noting that in works [9; 10], alloys containing more
than 1 but less than 2 % of Al were not considered.

62

Frontier Materials & Technologies. 2025. No. 1



Pozdniakov A.V. “Calculation of the effective solidification range and its relationship with hot brittleness...”

Table 2. Values of calculated temperatures and ranges for multicomponent alloys
Tabnuya 2. 3navenus pacuemnvix memMnepamyp u UHMepeaios sk MHO2OKOMNOHEHMHbIX CHIAB08

Allo Té65 %, Ts0 %, Too %, Thas.s Teq.s.s Thig, ESRes, ESRso, ESRoo, TSReq, | TSRuoneq,
y OC OC OC OC OC OC OC OC OC OC OC
ML3 610 589 540 363 564 631 247 226 177 67 268
ML4 562 503 405 350 464 612 212 153 55 148 262
ML5 551 489 431 412 489 629 139 77 19 140 217
ML6 531 451 426 389 460 630 142 62 37 170 241
ML7-1 579 542 445 400 487 640 179 142 45 153 240
ML10 555 553 548 500 548 737 55 53 48 189 237
ML12 612 585 514 339 482 732 273 246 175 250 393
ML15 608 573 498 339 477 730 269 234 159 253 391
. 700 1 1 1 | 1 T, °C 40
T,°C 200 HBI, mm
650
30
600 - 150 —A—ESRg5
—x— ESR
550 20 80
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Fig. 3. Magnesium angle of the phase diagrams of the Mg—Al (a) and Mg—Zn (c) systems (dotted line — nonequilibrium solidus)
and the dependences of the calculated values of effective solidification range ESR (for different amounts of solid phases),
total equilibrium solidification range TSReq, total nonequilibrium solidification range TSRnoneq,
and experimental values of the hot brittleness index HBI for binary alloys of the Mg—Al (b) and Mg—Zn (d) systems
Puc. 3. Maznueswiii yeon gpazoswvix ouazpamm cucmem Mg—Al (a) u Mg—Zn (c¢) (nynxmup — nepasnosecHuiti conudyc)
U 3a8UCUMOCIU PACHEeMHbIX 3HAYeHUll d¢hexmusrnoeo unmepgana kpucmaninusayuu ESR (015 pasnoeo koauuecmsea meepovix ¢as),
NONIHO20 PABHOBeCcH020 uHmepsana kpucmaniuzayuu TSReq, nonno2o Hepasrogecrho2o unmepsana kpucmaniuzayut TSRnoneq
U IKCNepUMEeHMAbHbIX 3HaueHull nokazamens opsyenomxocmu HBI 0ns 0sotinwix cnnasos cucmem Mg—Al (b) u Mg—Zn (d)
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In the Mg—Zn system, the maximum hot brittleness index is
found at 2 % of Zn [3], however, according to the data of
works [9; 11], the most hot-brittle alloy is Mg—1.5%Zn,
which has the highest calculated ESR (Fig. 3).

The nature of solidification of multicomponent alloys is
somewhat more complicated (Fig.2). Mg—Zn—Zr system
alloys (just as Mg—Zn) have a low nonequilibrium solidus,
and accordingly, a very wide ESR, but at the same time
approximately the same tendency to form solidification
cracks as Mg—Al-Zn alloys, whose ESR is approximately
100 °C narrower (Table 3). The ML10 alloy (Mg-Nd—Zr
system), having a high temperature of nonequilibrium soli-

dus, is distinguished by a very narrow ESR (48-55 °C) and
low HBI (Table 3). The calculated values of solidification
intervals in comparison with the experimental HBI for mul-
ticomponent magnesium alloys are collected in Table 3.
According to the relationship between HBI and ESR,
the considered multicomponent alloys are divided into two
groups: the first one is the Mg—Al-Zn system alloys; the
second one is the alloys of the Mg—Zn—Zr and Mg-Nd—Zr
systems. Within these groups, the dependence of HBI and
ESR has a nature close to a linear one, hot brittleness index
increases with an increase in the ESR (Fig. 4). At the same
time, for the Mg—Al-Zn system alloys, all points lie as

Table 3. Effective solidification range ESR and total equilibrium solidification range TSR values

in comparison with the experimental hot brittleness index for multicomponent alloys

Taonuya 3. 3nauenus s¢ppexmusroco unmepsana kpucmaniuzayuu ESR u noinozo paernogecrnozo unmepsana kpucmaniuzayuu TSR
6 CPABGHEHUU € IKCNEPUMEHMATLHIM NOKA3AMENEM 20PA1ENOMKOCTU OJisl MHO2OKOMNOHEHMHBIX CHIAB08

Alloy ESRss, °C ESRso, °C ESRg, °C TSReq, °C TSRuoneq, °C HBI, mm
ML3 247 226 177 67 268 425
ML4 212 153 55 148 262 37.5
ML5 139 77 19 140 217 30
ML6 142 62 37 170 241 30
ML7-1 179 142 45 153 240 35
ML10 55 53 48 189 237 18.5
ML12 273 246 175 250 393 33
MLI5 269 234 159 253 391 28
A o
T.°C | = 65% of solid phases T,°C
250+ e 80% of solid phases 250 -
. A 90% of solid phases
200 L 200 [
150 | 150 |
100 100
m 65% of solid phases
50 | 50 - o 80% of solid phases
A 90% of solid phases
0 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1
26 28 30 32 34 36 38 40 42 44 16 18 20 22 24 26 28 30 32 34
HBI, mm HBI, mm
a b

Fig. 4. Comparison of calculated effective solidification range ESR values (for different amounts of solid phases)
and experimental values of the hot brittleness index HBI for multicomponent alloys based on the systems:
a— Mg—Al-Zn; b — Mg—Zn—Zr and Mg—Nd—Zr
Puc. 4. Conocmasnenue pacuemuvix 3nauenuii spPpexmusnozo unmepeana kpucmannuzayuu ESR
(0114 pasHozo Koauuecmea meepovix (as) u IKCHepUMEeHMATbHLIX 3Ha4eHUll nokasamens opsyenomkocmu HBI
0718 MHO2OKOMNOHEHMHbIX CNAAB08 HA OCHOGe cucmem: a — Mg—Al-Zn; b — Mg—Zn—Zr u Mg—Nd—Zr
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closely as possible on the linear dependence for the calcu-
lated values of ESRes (Fig. 4 a). The obtained dependence
can be described by a simple linear equation with a confi-
dence probability of R?=0.99:

HBI=0.11xESR + 14. (1)

For the Mg-Zn—Zr and Mg-Nd—Zr systems, the calcu-
lated ESRgy values demonstrate the dependence closest to
linear (Fig. 4 b). For this group, the dependence can be de-
scribed by a simple linear equation with a lower confidence
probability of R?=0.94:

HBI=0.1xESR+13.2. Q)

Equations (1) and (2) for the two groups have close co-
efficients. Combining the data from the two groups ob-
tained for ESR for different amounts of solid phases allows
distinguishing a linear dependence with a confidence pro-
bability of R?=0.96:

HBI=0.12xESR+12.5. 3)

Equation (3) can be applied in the first approximation to
both groups of alloys, if ESR¢s is used in the calculations
for Mg—Al-Zn alloys and ESRyy — for Mg—Zn—Zr and Mg—
Nd—Zr alloys. However, it is not entirely correct to consider
alloys of different systems with very different nonequilibri-
um solidus within the same group.

In general, the study showed the possibility of assessing
the tendency of magnesium alloys of the Mg—Al and Mg—
Zn systems to form cracks of solidification origin based on
the calculation of the effective solidification range. All de-
viations of the calculated ESR values and experimental HBI
values are due to other factors affecting hot brittleness, such
as mechanical properties in the solid-liquid state and modi-
fication [3; 4]. For example, zirconium in wide-range Mg—
Zn alloys can act as a modifier, which improves casting
properties. The proposed equation for calculation requires
experimental verification on alloys of other compositions
not used in the calculations. However, such a possibility is
not currently available. Based on the existing successful
experience of applying a similar model using the example
of creating new aluminum alloys [23; 24], the proposed
method for calculating the hot brittleness index will also
work in magnesium alloys.

CONCLUSIONS

The calculations of the temperatures of formation of
a given amount of solid phases, effective and total solidi-
fication ranges in binary and multicomponent alloys
based on the Mg—Al and Mg—Zn systems are carried out
using thermodynamic calculations of nonequilibrium
solidification. A good correlation of the calculated va-
lues of the effective solidification range with the hot
brittleness index in both binary and multicomponent
magnesium alloys is shown. According to the relation-
ship between HBI and ESR, the considered multicompo-
nent alloys are divided into 2 groups in the first appro-
ximation: the first group is the alloys of the Mg—Al-Zn

system; the second group is the Mg—Zn—Zr and Mg—Nd—
Zr alloys. Within these groups, the dependence of HBI
and ESR has a nature close to a linear one.
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Annomayusn: Maruuesbie cruiaBbl cucteM Mg—Al u Mg—Zn nmeror mupokuid 3 QpeKTUBHBIH WHTEPBaT KPUCTAIIN3a-
un (OUK) u, Kak ciencTBre, CKIOHHBI K TOPSYEIOMKOCTH TpH JUThe. CyIIecTBYeT HECKOIBKO METOIUK aHaIM3a M pac-
4yeTa ropsiue’lIoMKOCTA MarHUEBBIX CIUIABOB, HO OHU SIBJISIIOTCSI OUYEHb TPYAOEMKHMHU. B CBSI3U ¢ 3TUM LieNb UCCIIeIOBaHUS —
paspaboraTh MOJENb pacdera nmokasateis ropsueromkoctu (I1IN) mo BennumHe pacueTHOro 3QQPEeKTUBHOrO MHTEpBaia
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KPHUCTAJUIU3alMH, YCTAHOBUB U NPOAHAIU3UPOBAB UX CBSI3b B JBOMHBIX M MHOTOKOMIIOHEHTHBIX CIIIABaX HA OCHOBE CH-
ctem Mg—Al u Mg—Zn. Pacuer DUK npoBenen ¢ ucmnonszoBanueM mporpammbl Thermo-Calc (6a3a manasix TTMG3).
QUK paccunThIBajCs KaK pa3HUIA MEXIY TEMIIEpaTypoil 00pa3oBaHMs 3aJaHHOTO KOJIMYECTBa TBEpAbIX (a3 u Temmepa-
TypO# HepaBHOBECHOTO coimayca. Ilokasana xopormmas koppemsius paccuntaHabix 3HadeHnit DMK c 11" kak B TBOWHBIX,
TaK ¥ B MHOTOKOMIIOHEHTHBIX MarHUEBBIX CIUIaBax. B crmaBax cucremsl Mg—Al pacuernsie 3aBucumoct DMK mpu 90 %
TBepAbIX (a3 (ODUKgp) moKa3pIBalOT HAMIYYIIYI0 KOPPENSIHIO C KCIEepUMEHTAIBHBIMU 3HaueHusiMu 1. B nBoitHbIX
CIUIaBax cHcTeMBbl Mg—7Zn HaOoaeTcs KaueCTBEHHO TaKasl )K€ 3aBUCHUMOCTh. OJHAKO YeTKOH Koppemsaunu Mexay DMK
n III" He otmeueno. Hauboxee Gim3kuit xapakrep neMoHcTpupytoT 3aBucuMocti OUKgs n DMKy, [o ceszu TN 1 OUK
paccMOTpeHHbIE MHOTOKOMITOHEHTHBIE CIUIaBbl B TIEPBOM MPHUOIKEHUH pa3/ielieHbl Ha 2 TPYIIIbL: MepBas — CIUIaBbl CH-
creMbl Mg—Al-Zn, Bropas — Mg—Zn—Zr u Mg-Nd-Zr. B npeznenax stux rpynn 3asucumocts [1I" u SUK umeer Gnuzknit
K JWHEHHOMY Xapaktep. s onmcaHMsl 3aBUCHMOCTH BCEX CIIABOB MOXKHO IPUMEHHUTH OJHO ypaBHEHHE IPH YCIOBHUHU
ucrionb3oBanus B pacuerax IOUKes s cimaBoB cucremsl Mg—Al-Zn n DUKygy mst crutaBoB cucrem Mg—Zn—Zr u Mg—
Nd-Zr. IIpenioxeHnHast MOJIeNb TIO3BOJIMT JIETKO M OBICTpO TMpou3BecTu pacuet 117, uTo BecbMa akTyaibHO MPU pa3padoT-
K€ HOBBIX BBICOKOTEXHOJIOTHYHBIX MAarHUEBBIX CILIABOB.

Knrouegvle cnosa: MarHueBbIe CIUIABEI, TOPAYEIOMKOCTD; 3P ()EKTUBHBIA MHTEPBAI KPUCTALIM3ALNH; TEPMOANHAMU-
YeCKHEe PacUeThl; HEPaBHOBECHAS KPUCTAJUIN3AIIHSL.
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