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Methods and procedures are discussed for more economic and effective use of scandium for alloying alumi-
num alloys. Specifically, it is recommended to introduce scandium and zirconium into aluminum alloys in a
1:1 ratio instead of the usual 3 :1 with the same overall element content. It is also suggested that
microalloying with scandium in an amount of 0.1% instead of 0.22% provides the required level of properties
in many cases. The possibility of refining the structure of the Al — 2% Sc master alloy for increasing its adapt-
ability (assimilation by the aluminum melt) due to an increase in crystallization rate during ingot casting and

other procedures is considered.

Key words: aluminum alloys, scandium alloying, saving scandium, scandium-to-zirconium ratio,
Al-Sc master alloy structure refinement.

INTRODUCTION

Scandium is one of the most effective alloying compo-
nents of aluminum alloys. A small addition of scandium
(about 0.2 — 0.3%) facilitates an increase in strength proper-
ties of wrought semiproducts of aluminum alloys by
100 — 150 MPa, limited cast grain refinement (up to forma-
tion of as non-dendritic structure), a marked improvement in
weldability, and an increase in resistance to various forms of
corrosion [1 —5]. Apparently there is no information about
any other components or even about of components intro-
duced in combination that could approach scandium with re-
spect to efficiency of action on aluminum alloy structure and
properties. Within Russia work on studying the effect of add-
ing scandium on the structure and properties of aluminum al-
loys commenced in the 1970s and as a logical completion of
this work researchers created industrial aluminum alloys
containing scandium and developed industrial technology for
manufacturing wrought semiproducts of these alloys [6, 7].

Addition of scandium has a marked effect but differing
action on strength of different aluminum alloys. The stron-
gest action on structure and properties is observed on alloy-
ing with scandium materials based on the Al — Mg system
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[6]. On the basis of Al — Mg — Sc a series of industrial alloys
has been developed, the most well-known of which are al-
loys 01570 [8], 1570S [9], and 1545k [10]. Semiproducts of
these alloys are manufactured by metallurgical plants for use
as objects of aerospace technology. The favorable strong ef-
fect of adding scandium on the structure and properties of
semiproducts of high-strength alloys based on Al — Zn — Mg
— Cu that are used in such high technology branches as air-
craft building, atomic engineering, and shipbuilding, makes
it possible to improve significantly the engineering indices of
objects manufactured by these industries.

Expansion of the scale and field if application of alumi-
num alloys containing scandium is held back for a number of
reasons, including inadequate Al— Sc master alloy. Some
ways are suggested in this work of resolving this problem
aimed at more economic and effective use of scandium dur-
ing alloying aluminum materials.

RESULTS AND DISCUSSION

Partial replacement of scandium by zirconium

Scandium is added to aluminum alloys together with zir-
conium, which stabilizes and strengthens the favorable effect
of scandium [11]. On the basis of research results and accu-
mulated practical experience there is an opinion that the opti-
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Fig. 1. Dependence of Al — Sc — Zr alloy ingot electrical conducti-
vity with a constant overall scandium and zirconium content equal to
1.5% on ratio of their content.

mum scandium and zirconium content, at least in alloys of
the Al—Mg and Al — Zn — Mg systems, is 0.22 — 0.24% Sc
and 0.10-0.12% Zr. With this content wrought
semiproducts acquire the most favorable set of service and
production properties. With an increase in concentration of
scandium and zirconium there is formation of primary
intermetallic Al;(Sc, Zr), worsening alloy service properties.
With a lower content of scandium and zirconium their poten-
tial and possibilities are not entirely utilized.

The nature of the favorable effect of scandium on the
structure and properties of aluminum alloys is connected
with the unique features of Al;Sc intermetallic. Addition of
zirconium, together with scandium, dissolves in Al;Sc
intermetallic replacing scandium atoms and retaining (even
stabilizing and strengthening) all of its unique properties. It
has been suggested in [11] that with the aim of saving sand
strengthening the effect of adding scandium to change the ra-
tio between scandium and zirconium in favor of zirconium,
without changing the overall content of these components.
This assumption was based on results of the following exper-
iments.

Ingots 92 mm in diameter of alloys of the system
Al — Sc — Zr with a constant overall content of scandium and
zirconium (1.5%) and a different ratio of the elements were
prepared by continuous casting.

Melting and casting conditions were selected in order to
prepare ingots with the minimum amount of intermetallic
Al;(Sc, Zr) with a maximum supersaturation of scandium
and zirconium solid solution. A dependence is given in Fig. 1
for the electrical conductivity of cast alloys on ratio of the
content of scandium and zirconium. The curve has a clearly
defined minimum, corresponding to an equal amount of
scandium and zirconium in the alloys (0.75% each). Alloys
with this or a similar ratio of scandium and zirconium are
most inclined towards forming supersaturated solutions.
Evaluation of the volume content of excess phase particles of
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Fig. 2. Dependence of electrical conductivity (a) and microhard-
ness (b ) of Al — Sc — Zr alloy ingots on isothermal soaking duration
at 400°C: x) 1.5% Sc; O) 1.0% Sc — 0.5% Zr; A) 0.75% Sc —
0.75% Zr; @) 0.5% Sc — 1.0% Zr; O) 0.5% Zr.
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crystallization origin, containing scandium and zirconium,
confirm this conclusion. In an ingot of an alloy with equal ra-
tio of scandium and zirconium the volume fraction of
intermetallic containing scandium and zirconium is at a min-
imum and comprises 2.4%. As deviation from the 1 : 1 ratio
increases the volume fraction of intermetallic increases to
3.5 —4.5%. Therefore, a change in the ratio of scandium and
zirconium content has a significant effect on the combined
metastable solubility within aluminum: minimum solubility
is exhibited by binary alloys of the systems Al-— Sc and
Al — Zr, and the maximum for alloys with an equal content of
scandium and zirconium. This is apparently connected with
the maximum supercooling of molten alloy with an equal
content of scandium and zirconium, and as a consequence an
increase in cooling rate during subsequent crystallization, in-
creasing metastable solubility.

Kinetic curves are given in Fig. 2 for the change in elec-
trical conductivity and microhardness of Al — Sc — Zr-alloys
with a constant total content of Sc and Zr (1.5%) and differ-
ent ratios in relation to isothermal exposure at 400°C. As was
recalled, the original electrical conductivity of ingots de-
pends on the ratio of scandium and zirconium. However, af-
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TABLE 1. Chemical Composition of Alloys Based on the Al — Sc — Zr System

Element content, wt.%

Alloy
Al Mg Sc Zr Mn Ti Fe Si Cu
1 Base 59 0.30 0.10 0.27 0.02 0.01 0.01 0.02
2 Base 59 0.15 0.15 0.30 0.02 0.01 0.01 0.02

TABLE 2. Mechanical Properties of extruded Strips 3 x 100 mm in
Size of Al — Mg — Sc — Zr — Mn Alloys with a Different Scandium
and Zirconium Content ingot

Alloy Condition G, MPa G0, MPa 3, %
1 Hot-extruded 404 300 18.3
Annealed 403 274 17.7

2 Hot-extruded 409 313 16.6
Annealed 394 270 14.9

Note. Average values are given for five tests.

ter prolonged exposure at 400°C for 277 h solid solution de-
composition proceeds almost entirely and ingot electrical
conductivity approaches that of commercially pure alumi-
num, with the exception of alloys with an identical content of
scandium and zirconium (Fig. 2a). In this alloy after expo-
sure for 277 h marked residual concentration of scandium
and zirconium is retained in aluminum solid solution, due to
strong supersaturation in the original (cast) condition.

Kinetics of solid solution decomposition, specifying the
change in electrical conductivity, depend on the ratio of scan-
dium and zirconium in alloy. Most rapid decomposition oc-
curs in alloy Al — 1.5% Sc and the slowest rate of decomposi-
tion is typical for alloys Al — 1.5% Zr. It should be noted that
solid solution decomposition in Al — 1.5% Zr alloy has a lon-
ger incubation period, almost comprising days. The rest of
the alloys occupy and intermediate position with respect to
solid solution decomposition rate.

Of practical interest in analyzing curves for the change in
electrical conductivity is the extent of solid solution decom-
position, determined as a difference in electrical conductivity
values at the end of decomposition (after exposure for 277 h)
and at the start of decomposition (in a cast condition). This
index specifies the amount of scandium and zirconium pre-
cipitated from solid solution in aluminum, or in other words,
the volume fraction of precipitated secondary particles.
These particles determine alloy stability against
recrystallization and the amount of aluminum matrix
strengthening. From this point of view the most preferred al-
loys are those with an identical or similar scandium and zir-
conium content. In these alloys decomposition proceeds with
precipitation of the greatest amount scandium and zirconium
from solid solution and correspondingly formation of the
maximum amount of fine particles of the Al;(Sc, Zr) type.

Apparently maximum strengthening should be expected in
these alloys.

Curves for the change in ingot microhardness during iso-
thermal exposure at 400°C confirm this assumption
(Fig. 2b). The maximum strengthening in the test range of
exposure is reached by ingots of alloy with an equal content
of scandium and zirconium (0.75% each). As the ratio of
content of scandium and zirconium in alloys deviates from
the optimum (1 : 1), the overall level of strength and capacity
to retain strengthening after prolonged exposure is reduced.

Considering the results obtained, it may be concluded
that the optimum properties are exhibited by aluminum alloy
containing scandium and zirconium in a ratio of 1 : 1. Alloy
is inclined to a maximum to supersaturation of solid solution
with scandium and zirconium during ingot casting by a con-
tinuous method, good strengthening during decomposition of
supersaturated solid solution, and retention of this strength-
ening after prolonged high-temperature heating, simulating
process heating. It is also possible to suggest reliably that
semiproducts of this alloy will have good recrystallization
resistance.

Alloy with a scandium and zirconium ratio of 1 : 1, hav-
ing the optimum properties, is in the ternary equilibrium dia-
gram Al — Sc — Zr in the phase region a + Al;(Sc, _,, Zr, ) at
the boundary of the ternary region
o+ Aly(Sc,_,, Zr,) + Al3Zr. Particles of Al;(Sc,_,, Zr,)
phase are saturated to a maximum with zirconium, which ex-
hibits a slower diffusion coefficient in aluminum than scan-
dium. This provides good thermal stability of fine particles
(slow coagulation rate). It is also possible that zirconium by
dissolving in Al;Sc phase reduces the specific surface energy
at the interphase boundary of Al;(Sc, _,, Zr, ) particles in an
aluminum matrix. This also facilitates a reduction in the in-
clination of particles towards coagulation due to a reduction
in the coagulation moving force, i.e., excess surface energy.

Therefore, the maximum effect of strengthening after
prolonged high-temperature exposure applies to alloys with a
ratio of scandium to zirconium content of 1 : 1. However, use
of this regularity in practice is only possible with presence of
a production chain for manufacturing aluminum
semiproducts with a high melt crystallization rates providing
fixing of scandium and zirconium in supersaturated solid so-
lution. These rates are achieved with use of granulation tech-
nology, ingotless rolling, and continuous casting of small in-
gots.

Consequently, in order to save scarce scandium and im-
prove aluminum alloys properties it is recommended that
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Fig. 3. Dependence of recrystallization temperature (50% recrys-
tallization) for cold-rolled sheets of alloys of the systems Al— Sc
(O) and Al — Zn — Mg — Sc (®) on scandium content.

they are alloyed with a small addition of scandium together
with zirconium in equal quantities. In this case the maximum
combined solubility of scandium and zirconium in aluminum
is achieved during ingot casting, and as a consequence of this
maximum strengthening during subsequent solid solution de-
composition. In addition, Al;Sc phase is saturated to a maxi-
mum with zirconium. Optimum properties are exhibited by
Al;(Sc, _,, Zr,) phase, within which scandium is replaced by
zirconium up to the limit. In this case fine Al;(Sc,_,, Zr,)
particles have maximum stability and minimum tendency to-
wards coagulation.

In order to check this assumption round ingots &134 mm
were prepared by continuous casting of two alloys based on
the Al — Mg — Sc system with the normally adopted ratio of
scandium and zirconium content of 3 : 1 and with the pro-
posed ratio of 1:1. The overall scandium and zirconium
content in both alloys was identical, i.e., 0.40%. The actual
alloy chemical compositions are given in Table 1.

Ingots were homogenized at 490°C for 10 h and extruded
into strip 3x100 mm in cross section. Mechanical properties
of extruded strip in the original (hot extruded) and annealed
at 400°C, 1 h (air cooling) conditions? are given in Table 2. It
is seen that the strip properties in both alloys is similar.

2 T. D. Rostova n L. P. Kirillov took part of examining
cast alloys.

Extruded strips were tested for creep at 125°C, stress
150 MPa, and test duration 100 h. The amount of residual
elongation was: 0.937, 1.075, and 0.961% for alloy / and
0.862, 0.946, and 0.211% for alloy 2. Considering the con-
siderable scatter of values obtained during creep tests it may
be assumed that these results are similar.

The data provided may serve as a basis for performing
future work aimed at creating aluminum alloys economically
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TABLE 3. Actual Chemical Composition of Al—Zn—- Mg Test

Alloys
Element content, wt.%
Alloy
Zn Mg Mn Sc Zr Ti Cu
1 54 1.7 0.36 - 0.07 0.03 0.26
2 53 1.7 0.32 0.03 0.07 0.03 0.27
3 5.2 1.6 0.32 0.07 0.07 0.04 0.27
4 5.0 1.6 0.36 0.12 0.07 0.04 0.28

TABLE 4. Mechanical Properties on Longitudinal Direction of Ex-
truded Semiproducts of Alloys of the Al — Zn — Mg System

6,,MPa 6,,,MPa 3,% o,,MPa c,,,MPa §,%

Alloy

Quenched + 30 days nat. ageing Quenched + 100°C, 20 h +

160°C, 10 h

Bar @30 x 30 mm

1 498 387 12.9 559 520 12.3
2 508 400 12.9 563 525 11.7
3 513 412 11.3 550 513 13.3
4 519 404 14.7 547 514 12.8
Strip 3 x 80 mm
1 371 269 17.2 478 456 10.5
2 467 333 11.9 541 501 10.3
3 472 345 12.0 530 488 10.0
4 482 343 143 541 500 10.5

alloyed with scandium with a ratio of scandium to zirconium
contentof 1 : 1.

Alloying with small scandium additions

In the previous section the actual possibility was demon-
strated of reducing the scandium content in aluminum alloys
by partial replacement with zirconium. In this section experi-
mental data will be provided pointing the possible reduction
in scandium content in alloys without a marked reduction in
its favorable effect.

A temperature dependence is given in Fig. 3 for
recrystallization of aluminum and alloy of the Al — Zn — Mg
system and scandium concentration. With an increase in
scandium content the recrystallization temperature increases
significantly and more sharply with addition of the first small
amount of scandium. With a subsequent increase in content
an increase in recrystallization temperature proceeds with
diminution. Other characteristics of aluminum alloys, in par-
ticular ultimate strength, yield strength, and hardness, vary in
relation to scandium content in a similar way. The strongest
effect of the first small scandium additions have the strongest
effect. Therefore, a reduction in scandium content by several
factors does not lead to such a strong reduction in ultimate
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TABLE 5. Life Properties of Extruded Semiproducts of Alloys of
the Al — Zn — Mg System

Alloy KCU,\J/m> K., MPa-m!/2 1\(’152:" iylcé%sivv[v;;h
Bar 30 x 30 mm Strip 3 x 80 mm
1 38 85.3 75
2 36 77.8 277
3 40 77.1 209
4 44 85.9 277

TABLE 6. Properties of Welded Joints of Extruded Strip 3 x 80 mm
in Size of Alloys of the Al — Zn — Mg System

Alloy G}Ve, MPa cs‘f’ve/c lf’as
1 395 0.83
2 466 0.84
3 476 0.90
4 459 0.95

strength or any other properties. The reasoning provided be-
low was a basis for performing appropriate experiments.

Ingots 97 mm in diameter of alloys of the Al —Zn — Mg
system with addition of transition metals whose chemical
composition is given in Table 3 were prepared by continuous
casting. The weight of each melt was 30 kg.

Ingots were cast with addition of scandium with a pre-
scribed average content of other alloy components. However,
the actual concentration of the main components, i.e., zinc
and magnesium, decreased as the amount of scandium added
increased, which was a consequence of dilution of the alloy
with aluminum on adding Al — 2% Sc master alloy and
burn-off and evaporation of these elements during melt heat-
ing, carried out after adding a successive portion of master
alloy to the furnace. This reduced the accuracy of an experi-
ment.

Ingots were homogenized and extruded into square bar
30 x 30 mm in section and strip 3 x 80 mm in section.
Quenching of bars and strip was carried out from 450°C in
cold water. After straightening by tension semiproducts were
cut into workpieces for specimens and artificially aged by a
regime: 100°C, 20 h + 160°C, 10 h.

The type of structure of extruded bars and strip depends
on scandium content. Extruded bars of alloy / (Table 3) only
containing zirconium (0.07%) without scandium have an
unrecrystallized structure and a coarse crystalline rim and
thin extruded strip of this alloy has an entirely recrystallized
structure. Addition to the alloy of just 0.03% Sc leads to a
sharp reduction in rim thickness. Extruded strip has an
unrecrystallized structure with presence of a recrystallized
rim 1.5 mm thick. Introduction of scandium into the alloy in
an amount of 0.07 and 0.12% provides preparation within
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Fig. 4. Structure of master alloy Al — 2% Sc (SEM). Image in se-
condary electrons.

semiproduct after quenching of a stable unrecrystallized
structure (alloys 3, 4).

Mechanical properties of semiproducts of alloys of the
Al —Zn — Mg system are given in Table 4. The structure of
the gauge length of specimens prepared for extruded bars of
all alloys was entirely unrecrystallized. As a result of this the
effect of scandium on mechanical properties of semiproducts
is insignificant: ultimate strength varies in the range
547 — 563 MPa, yield strength in the range 513 — 525 MPa,
and relative elongation 11.3 —13.3%. Probably property
variation is due to variations in chemical composition with
respect to the main alloy components, i.e., zinc and magne-
sium.

In a naturally aged condition there is some tendency to-
wards an increase in strength properties with an increase in
scandium content, although there is an effect of content of
the main alloying components, which decreases as there is an
increase in amount of scandium. This nullifies the strength-
ening effect of scandium.

Scandium content has a marked effect on mechanical
properties of extruded strip due to a change in the type of
structure. Strength properties of strip with an entirely
recrystallized structure of alloy /, not containing scandium,
are lower by 50 — 100 MPa than for strip pf alloy 2 contain-
ing 0.03% Sc, but having an unrecrystallized structure. With
an further increase in scandium content from 0.03 to 0.12%
the type of structure is unchanged, and the increase in
strength properties is small (Table 4).

On the whole, in an artificially aged condition
semiproducts of alloy with combined addition of Sc+ Zr
have ultimate strength of 530 — 540 MPa, yield strength of
480 — 500 MPa, and relative elongation of 10.0 — 13.5%.

Some resource characteristics are provided in Table 5 for
extruded semiproducts. Extruded bar exhibits good resis-
tance to crack generation and development, which is indi-
cated by very high values of impact strength and fracture
toughness, depending little on scandium content. These val-
ues correspond to the best contemporary aluminum alloys of
similar strength with increased purity. Low-cycle fatigue re-
sistance is a structurally sensitive property. During LCF tests
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TABLE 7. Mechanical Properties of 32 mm Tick Plate of Alloy 1975
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Specimen cutting

. . G, MPa
direction

Gy, MPa 38, %

MCF, cycles, with 6, MPa

v, % K., MPa - m!/2
160 180

Longitudinal 445 394 17.1
Transverse 450 390 15.3
Thickness 460 396 11.3

52 67.5 313 253
44 517 - -
28 - - -

(Omax = 160 MPa) for alloy / (without scandium) having a
recrystallized structure, they withstood 75 cycles to failure,
but specimens of alloys with addition of 0.03 —0.12% Sc
with an unrecrystallized structure withstood more than
200 cycles. With a change in structure type from
recrystallized to unrecrystallized there is a sharp increase in
resistance to fatigue loading.

The properties of welded joints of extruded strip after
welding and natural ageing for one month are provided in Ta-
ble 6. The ultimate strength of welded joints of alloys with
scandium is very good (460 — 500 MPa). The strength factor

for welded joints 6}/ of alloys containing scandium in

an amount of 0.07 — 0.12% is greater than 0.9. The strongest
effect applies to the first addition of scandium.

On the basis of these research results and taking account
of the results of previous work a composition has been se-
lected of a new high-strength aluminum alloy based on the
Al —Zn — Mg system, alloyed with scandium. The alloy has
been assigned grade 1975.

In spite of the low scandium content (0.11% Sc and
0.11% Zr) alloy /975 exhibits a good set of properties (Ta-
ble 7).

Analysis of Table 7 shows that alloys of the
Al —Zn — Mg system with a low scandium content (0.11%)
may exhibit an excellent set of mechanical properties.

In addition, with a reduction in the calculated scandium
content less than 0.2% it is necessary to display care. This
method for saving scandium is more suitable for alloys based
on the Al—Zn—-Mg system and to a lesser extent for
Al — Mg alloys, more inclined towards recrystallization.

Conditions for adding scandium to aluminum alloys

Scandium is classified as a refractory metal. The melting
temperature of scandium is 1541°C, and its introduction into
readily melting aluminum alloys presents known difficulties.
In order to provide assimilation of scandium by molten alu-
minum it is added in the form of a master alloy Al — 2% Sc.
The assimilation process by molten aluminum of scandium is
transfer of scandium from master alloy into molten alumi-
num solution by melting and dissolution of all of the struc-
tural components of the Al — 2% Sc master alloy. A consider-
able part of scandium in master is in the form of primary
intermetallic Al;Sc, which exhibits high thermal stability and
slow dissolution in molten aluminum. In order to accelerate
melting a melt is overheated. Melt overheating is a required
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Fig. 5. Al—-Sc composition diagram: /) equilibrium diagram;
2, 3) metastable equilibrium diagram with cooling rates of 102 and
103 K/sec respectively [4].

but undesirable procedure since during overheating there is
rapid melt oxidation and saturation with hydrogen. In addi-
tion, loss of scandium is observed due to evaporation, oxida-
tion, or deposition on a hearth surface. For example, during
addition of scandium in an amount of 0.22 — 0.23% normally
0.01 — 0.03% of scandium is lost. In view of this the addition
of scandium to aluminum alloys used currently cannot be
called perfect and economic.

Master alloy Al—2% Sc is cast in the form of plates with
a size of about 20 x 150 x 500 mm weighing about 5 kg [12].
The structure of an Al — 2% Sc master alloy casting is given
in Fig. 4. Coarse, apparently primary, particle of Al;Sc are
seen, whose volume fraction is 8%. X-ray microanalysis
confirms presence of scandium in the particles observed. In
the aluminum matrix the concentration of scandium solid so-
lution varies within the limits of 0.41 — 0.75%.

Intermetallic Al;Sc of eutectic origin is not revealed lo-
cated over grain boundaries.

In order to analyze and best understand the structure of a
master alloy the Al — Sc composition should be used. Based
on research by Russian and overseas scientists, studying the
Al — Sc equilibrium diagram in the region rich in aluminum,
it may be stated that scandium reacts with aluminum by a di-
agram of the eutectic type [13]. The eutectic transformation
liquid ? 4(Al) ?Al;Sc is 655 — 659°C. The composition of the
eutectic point is about 0.6% Sc, and equilibrium solubility of
scandium in aluminum at the eutectic temperature horizontal
is about 0.35%. It should be considered that formation of a
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master alloy Al —2% Sc cast structure occurs under no-equi-
librium conditions and for more correct analysis a metastable
equilibrium diagram should be used corresponding to the ac-
tual rate of cooling during master alloy casting crystalliza-
tion. This rate in our opinion is approximately 100 K/sec.
Drawing attention to results of work in [14], a metastable
equilibrium diagram was plotted for a cooling rate of
100 K/sec (Fig. 5). Judging from this diagram the maximum
concentration of scandium solid solution in aluminum in Al
— 2% Sc master alloy should be about 0.7 — 0.8%.

Taking account of dendrite liquation the average concen-
tration of scandium solid solution in aluminum will be less,
which corresponds to the results obtained by us:
0.41 —0.75%. On average in solid solution there should be
about 0.6% Sc, and the remaining 1.4% should be in the form
of Al;Sc intermetallic with a volume fraction of about 8%,
which corresponds to results of measuring the volume fac-
tion of Al;Sc intermetallic particles.

A quality criterion for aluminum master alloys is ease
and completeness of assimilation of alloying component by
molten aluminum. On adding Al — 2% Sc master alloy to
melt the scandium most readily assimilated will be that in
aluminum solid solution. This part of scandium is readily
transferred into molten aluminum solution together with
molten aluminum grains. Another part of the scandium may
in principle be in Al;Sc intermetallic of eutectic origin, and it
may also comparatively readily dissolve molten aluminum as
a result of the low volume faction and small size of
intermetallic particles. Most difficult to assimilate is scan-
dium in the primary intermetallic Al;Sc, due to its consider-
able dimensions. The process of primary intermetallic disso-
lution is the weakest link and delays the whole cycle of as-
similation of scandium master alloy by molten aluminum. In
view of this in order to facilitate assimilation and reduce the
duration of the cycle it is expedient to reduce the size and
amount of primary Al;Sc intermetallic in master alloy.

The most attractive method for reducing the amount and
dimensions of primary intermetallic is an increase in cooling
rate during crystallization and master alloy casting. How-
ever, with ingotless rolling in water-cooled rolls for strip
10 mm thick the cooling rate in the crystallization tempera-
ture range is about 103 K/sec. Judging from the metastable
composition diagram, the corresponding cooling rate is
10® K/sec, and with crystallization of Al — 2% Sc master al-
loy in water-cooled rolls in the form of strip 10 mm thick
about 1% of Sc will be fixed in solid solution, and another
1% Sc will be in the form of Al;Sc intermetallic. The size of
primary intermetallic particles will be considerably smaller
and correspondingly master alloy with this structure will
better assimilated by molten aluminum. The method for pre-
paring Al — 2% Sc master alloy by means of ingotless rolling
will facilitate an increase in master alloy quality, which will
make it possible not only to avoid overheating during melt-
ing (or reduce its intensity) but also to increase sharply pro-
cess productivity. Other production methods during melting
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and casting Al — Sc mater alloy with the aim of dispersing its
structure are possible.

CONCLUSIONS

Considering the shortage and high cost of Al — Sc master
alloy the article considers some versions making it possible
to save scandium during addition to aluminum alloys (alloy
development), and to choose a calculated composition during
addition of scandium to aluminum alloys.
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