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A technique of deformation heat processing for Al-Si based alloys is proposed
which can significantly increase their both ductility and strength and also re-
veals additional reserves for their strength and hardness increasing through
cold work hardening. The method includes serial of small hot plastic defor-
mations with intermediate cooling and short annealing. This makes the silicon
inclusion rather small with shape close to spherical, which leads to the ductil-
ity increasing. Then a work hardening processing could be performed for the
material. Finally, both ductility and strength appear higher than in the initial
cast state.

Key words: Al-Si alloys, deformation heat processing, mechanical properties,
silicon inclusions, microstructure.

3amnpornoHoBaHo ciIocid medopMaliifino-TepMiuHOr0o OOpPOOJIEHHS CTOIIIB CHC-
Temu Al—Si, 1110 fa€ MOMKJIMBICTH 3HAYHO IIiABUINUTUA OSHOUYACHO IX IJIACTHUU-
HiCTh Ta MiITHiCTh, a4 TAKOK BiIKPUBAE HOAATKOBI MOMKJIMBOCTI IIiABUIITEHHS 1X
MIITHOCTH Ta TBEPAOCTH 3a PaxXyHOK AedopMalliiHoro smimHeHHA. Mertoma
BKJIIOYAE CEPil0 MaJIUX rapAuYNX MJIACTUYHUX AedopMalliii 3 IPpOMiKHIIM 0X0JI0-
IKEeHHAM 1 KopoTkodyacHuUMU Binmnmanamu. e mae MoKJIMBIiCTH ofepKaTH J0-
CUTh APiOHI BKIIOUEHHA KPEeMHio opMu 61u3bK01 10 chepudHoi, 1110 i mpuBO-
IUTH 10 30ibIleHH A MIacTUYHOCTH Ta MintHocTH. IloTiM a1 maTepisny Morke
OyTu BUKOHaHAa XO0JIOAHA AedopMallia Iaa JoIaTKOBOTO 3MillTHeHHA. B pe3yib-
TaTi i MIACTUYHICTD, i MIITHICTL BUSBJIAIOTHCA 3HAYHO BUIMUMH, HiK Yy BUXiJI-
HOMY JINTOMY CTaHi.
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1.INTRODUCTION

Low ductility is a well-known peculiarity of Al-Si alloys (silumins). De-
spite of their indisputable advantages as low density, good corrosion be-
haviour, decent strength properties at relatively low cost their low plas-
ticity restricts their implementation areas and made for them bad repu-
tation of a material for low quality products. Being an eutectic alloy
type with quite low (comparing with some other Al alloys) foundry
shrinkage silumins are widely used for cast products. Special casting
techniques and modifiers could increase the material strength and/or
ductility. However, in spite even seeming at a first glace significant
growth of ductility, it indeed remains rather low, which does not really
make the material able to plastic deformation processing. Here we have
some examples. In work [1] it was declared on 1.5 times of ductility in-
creasing for alloy AK9M2. Actually, its values grew from 1.2 to 1.8%.
In work [2] the observed change of relative extension was from
0.5...0.7% t00.9...1.1% for AK8M3 alloy.

Most of the studies of Al-Si alloys properties improvement are fo-
cused on the cast state [3—5] which is not surprising, because they are
used primary for cast products. However, brittle at normal temperature
Al-Si alloys could be affected to a hot deformation processing that has
mentioned even in [6]. As known, plastic deformation has an effect on
the material structure. The main idea here is to crush silicon inclusions,
which are the main cause of these alloys brittleness, at the temperature
where the material is plastic enough.

Despite the idea is time after time appeared since 30’s of XX century
this technique still not become widely spread. However, in recent years
is observed an increasing of interest to it. A method of Al-Si alloys de-
formation heat processing by forging was presented in [ 7]. The proposed
technique consists of the following sequence: annealing at 500 =+ 10°C
for 2 hours, hot deformation by forging at a temperature of 510-550°C
(beginning of forging) to 350—400°C (end of forging); an optional inter-
mediate annealing at 510-550°C, a final post-deformation annealing at
520+ 10°C for 2 hours. This method leads to the formation of polygonal
inclusions of silicon fairly evenly distributed in the structure. It allows
toincrease the plasticity values of the material to5=4-16% (depending
on silicon content). Increasing of the strength is up to 15-75% com-
pared with the cast state, but only for alloys with high silicon content
(20—-30% ), the simultaneous increase in ductility for which is insignif-
icant.
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Another example of recently published research of Al-Si alloys forg-
ing technique is [8]. There the casted samples were forged at 300°C with
deformation degree of 156% , 25% , and 35% . Then the samples were an-
nealed at 5635°C for 5 h, followed by aging at 170°C for 2 h. In the struc-
ture were obtained close to spherical shape silicon inclusions with vari-
ous sizes (actually, about 2—5 um, according to the given photos of the
structure). At the most deformed samples they reached relative exten-
sion values up to 12%.

There also exist several others studies on this topic. This proffers
that Al-Si alloys could be effectively affected to plastic deformation,
which leads to shredding and spheroidization of silicon inclusions and
ductility increasing. Nevertheless, attempts to reproduce Al-Si forg-
ing techniques do not always succeed. The practice shows, that the sam-
ples of such alloys could be prone to cracking even during hot defor-
mation. So, statements about the super plasticity of such alloys at tem-
peratures higher than 430°C, like in [6], look somewhat overpriced.

In this work we tried to develop a technique of Al-Si alloys defor-
mation heat treatment that significantly increases their ductility and
reveals the additional resources for their work hardening. Moreover, it
should reduce the likelihood of the material brittle fracture, especially
during the first deformation stages, when the plasticity is still not high
enough. Some attention is also given to the initial cast structure of the
material affected to such processing.

2. RESEARCH MATERIAL AND METHODOLOGY

The chemical composition of the studied material is given in Table 1.

Material for some of the samples was modified using a NaCl + KCl sur-
face flux before the casting. Composition of the flux was ~45% of NaCl
and 55% of KCl that has an eutectic melting point at about 660°C, which
is close to aluminium melting temperature. This might give an addition
of some thousandth’s parts of Na and K.

Another cast structure modification type studied here was treatment
of the melt through adding of ~0.5 g/kg of AgNOs; in a melting capsule
of Al. It was supposed that owing to its thermal decomposition and reac-
tion with Al disperse particles of silver might be obtained which could
be substrates during the aluminium crystals nucleation at the begin-
ning of the alloy solidification. Also, a ‘stormy’ reaction may give the
melt additional mixing.

TABLE 1. Chemical composition of the studied material (in % wt.).

Al Si Mn Mg Cu Fe
Base 6.8—-7.1 0.1-0.2 | 0.05-0.1 0.3-0.5 0.5-0.8
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Others samples were not modified in these ways.

Some samples were additionally alloyed with about 2% of Cu and 1% of
Ag, also they had an increased amount of Mn up to 0.7% . This was made
to study the features of an additional effect of disperse and solid solu-
tion hardening in comparison with the effects of strength growth ob-
tained through the deformation heat processing.

The specimens were casted into a clay mould two at once. Each cast
sample had its own funnel in the mould to fascinate air exit during the
casting. A schematic sketch of the mould is given on Fig. 1. The metal
casting temperature was about 700-750°C.

Casted samples were separated from solidified funnels and their sur-
face layer was deleted by mechanical processing. Thus, their dimensions
become about 8.5x8.5x40.0 mm.

Obtained in this way cast specimens were objected to deformation
heat treatment. In general, its technique consisted in the following op-
erations:

— heating to the temperature from 490 to 540°C;

— hot deformation by forging elongation from the heating tempera-
ture to ~400 — 430°C. Its degree varied from 3—4% to 18—20%;

— cooling to 40—60°C or even to the home temperature;

—next heating to 490-540°C with keeping in a furnace 10—15min and
following hot deformation.

The described heating deformation and cooling cycles proceeded until
the desired resulting deformation degree was obtained.

Here were studied resulting deformations degrees from 25 to 70%.

After the serial of the hot deformations some of the samples were ob-
jected to the cold deformation for work hardening.

The obtained samples both as cast and after different regimes of de-
formation heat treatment were subjected to a technological upsetting
test. The test consisted in pressing of a piece of the sample with initial

=

Fig. 1. A schematic sketch of the used mould: bottom half (a); top half (b).
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height of 8 mm until visible cracks occurred. The ratio between the ini-
tial height and obtained after the critical upsetting (when crack appear)
was estimated for each sample.

Tensile tests were performed to estimate the standard mechanical
properties of the material: ultimate tensile strength, yield strength,
relative extension, and constriction ratio.

Microstructure of the samples was studied through the optical mi-
croscopy with magnification x40, x100, and x1000. To revile the micro-
structure etching was performed at KOH 7% solution with temperature
60—-70°C. For more contrast view of the silicon inclusions an additional
etching at 2% solution of AgNO; was performed for some of the sam-
ples.

3. RESEARCH RESULTS AND DISCUSSION

The microstructure study for the cast samples showed a significant in-
fluence of K, Na additions, as it supposed to be. An effect of AgNO; add-
ing was also observed. Figure 2 shows a comparison of the as cast struc-
ture.

From the given microstructure illustrations it is clearly seen that K,
Na additions qualitatively change the shape of the silicon inclusions
making them polyhedral or even ‘skeleton shape’. The inclusions re-
main rather large, about 30—100 um. AgNO; addition does not as much
qualitatively change the silicon inclusions shape—we still can see ‘nee-
dles’. However, they become significantly smaller and more ramified.
The main effect AgNO; addition makes on the cast dendrite structure
that become denser and disperse.

Numerically it could be said, that dendrite structure density (den-
drites per mm?) in not modified material was 228 + 63 mm 2 and in mod-
ified one it become 848 + 291 mm 2.

But the more important interest of this research is the structure be-
haviour after the proposed deformation heat treatment. Unexpected
was the fact that K, Na modified samples appear the most ‘naughty’
during the hot forging. They became soft but brittle and crumbled un-
der the strikes. Such behaviour was observed mostly at heating to 530—
560°C for hot forging. Decreasing the forging beginning temperature
to 490-510°C allowed partially eliminate this drawback. The observed
fracture is likely be caused by so called hot fragility that may occur at
Al based alloys with Na and K impurities, which was made deliberately
here. According to[6] even less than 0.01% of Na or K is enough.

Asexperiments have shown, even hot deformation could cause cracks
appearing and brittle fracture of Al-Si alloys. So, one of the main tasks
was working out of a deformation regime such materials could with-
stand without fracture, taking into account the facts that the specimens
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Fig. 2. Cast microstructure of the studies Al-Si alloy samples with different
types of modification: a—no modification, x40; b—no modification, x100; c—
NaCl + KCl1 flux treatment, x40; d—NaCl + KCl flux treatment, x100; e—
AgNO; treatment, x40; f—AgNOs treatment, x100.

are affected to strike impact during forging and their temperature de-
creases rather fast because of their small size and contact with cold forg-
ing equipment. In this case the end of forging temperature is hardly be-
ing controlled precisely. Such visual signs as the glow colour of the
heated metal or the colours of surface oxide films do not work in this
case. It could be only estimated by rather crude calculations. An esti-
mated cooling curve of an aluminium sample of the given dimensions
with initial temperature 520°C placed on an iron incus in air environ-
ment with temperature 20°C is shown on Fig. 3.

We can see that that the sample cooled to 450°C less than in 50 sec-
onds. Lower temperatures are not desirable for hot deformation of such
material, especially on early stages when the silicon inclusions are not
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Fig. 3. An estimated cooling curve for 8.5x8.5x40 mm specimen.

yet crushed and spheroidizated enough and the plasticity is rather low.
Hence, on the first stages deformation degree should be low. So, surely
being at the safe temperature range deformations could be reached at a
single stage are not more than 5% . Actually, they were 3—4% . Bigger
deformations, as the practice showed, may cause brittle cracks. Then,
when the material gains enough plasticity the temperature of ending
forging could be decreased to 400 or even to 350°C. That allows making
greater deformations—up to 18—-20% at a single stage.

The typical samples structures after the deformation heat processing
are shown on Fig. 4. From all of the given illustrations we can see sphe-
roidization and shredding of the silicon inclusions. However, the com-
mon structureis different and it depends on the initial cast state and the
deformation—heat treatment. A significant summary hot deformation
of the AgNO; modified samples leads to overcoming the initial dendrite
structure and creation of equiaxial grains with spherical silicon inclu-
sion between them. The average grain size in this case is about 40—-50 um
and silicon inclusion size is 5—10 um. In non-modified samples we can
observe rather coarse matrix structure without clearly seen grains
bounders. The inclusions spheroidization is obvious, but they have
larger size up to about 20 um, but the smallest ones are less than 5 um.

In samples after an additional work hardening followed the hot defor-
mation we can see deformed matrix grains (Fig. 4, e, f). Less hot defor-
mation degree at this case leads to obtaining comparatively larger aver-
age grain size—about 70—80 um. Silicon inclusions are rather small, but
less orbed and additionally crushed. We can see their shape clearly on
the Fig. 5 that was taken at greater magnification (x1000 with oil im-
mersion).

Some of the inclusions in this case are not evenly disperse over the
matrix but form ‘crushed lines’ as we can see at Fig. 5, a or fractured
conglomerates as it shown on Fig. 5, b. Others could be rather separated
but not all of them have equiaxial polygonal or close to spherical shape.
Size of this inclusions is often less than 10 um and the smallest ones are
less than 1 um.
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In the samples that were affected by NaCl + KCI flux treatment dur-
ing the casting despite significant summary hot deformation (50% ) the
silicon inclusions are comparatively bigger that in the others cases con-
sidered there. Their average size is 15—-10 um. However, it is signifi-
cantly smaller than they were at the as cast state. They are rather equi-
axial polygonal and quit evenly distributed in the matrix. The grain
boundaries are not clearly manifested, but the average grain size could
be estimated to be about 70—90 um.

! }!E|HII Hl!'ﬂ!i

Fig. 4. Typical microstructure of the samples after the deformation heat pro-
cessing: a—47% summary hot deformation, AgNO; treatment, x40; b—47%
summary hot deformation, AgNO; treatment, x100; c—38% summary hot de-
formation, no modification, x40; d—38% summary hot deformation, no mod-
ification, x100; e—30% summary hot deformation + 15% work hardening,
AgNO; treatment, x40; f—30% summary hot deformation + 15% work hard-
ening, AgNOs treatment, x100; g—50% summary hot deformation, NaCl + KC1
flux treatment, x100.
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Continuation of Fig. 4.

The average values of the main mechanical properties of the studied
samples in a cast state and after the deformation heat treatment meas-
ured through tensile tests are given in Table 2.

The samples affected the tensile tests are actually not the same as
ones for which the microstructure photos are given above, but quite
similar to make some conclusions.

The cast samples showed an extremely low ductility at tensile tests.
Their relative elongation and constriction ratio are close to zero. Also,
no explicit yield strength was observed for them. The basic non-modi-
fied and not alloyed cast samples type (No. 4) has very low ultimate ten-
sile strength—about 89.0 MPa. It could be significantly increased by
the studied here AgNO; modifying and some alloying with Cu and Ag
(No. 5). However, the strength value remains significantly less than it
is observed in all of the samples type after the deformation heat treat-
ment.

Even not modified samples after summary 52% hot deformation
show a significant growth of the material ultimate tensile strength
which becomes averagely 196.4 MPa. Also here appears explicit yield
strength. More remarkable that the material acquires some plasticity—
the relative elongation has become 6.22% and the constriction ratio
22.45% . Modified samples affected greater summary hot deformation
(~70% ) and subsequent annealing at about 540°C during 2 hours (No. 6)
acquires even more ductility. However, their strength becomes lower,
but still higher as it was for not alloyed cast samples and it is close to the
alloyed ones after quenching and aging (No. 5).

The observed plasticity growth makes possible an additional work
hardening, which is demonstrated with samples of type Nos. 2, 3, and
No. 7 from the table above. It should be noticed, that these sample ac-
quire rather close values of ultimate tensile strength after the corre-
sponding deformation heat treatment. Type No. 3 that was affected
modifying during the casting and greater hot deformation shows more
plasticity remain after the work hardening but the ductility of Nos. 2



778 V.V.KAVERINSKY, Z. P. SUKHENKO, G. A. BAGLUK, and D. G. VERBYLO

.01 mm

Fig. 5. Typical silicon inclusions in the sample with 30% summary hot defor-
mation + 15% work hardening, x1000.

and 7 is almost exhausted after even less cold deformation. Less hot de-
formation degree and also non-modified cast state cause the fact that
samples of type No. 7 earlier exhaust their plasticity margin with lower
final strength values.

Strength of the material could be even more increased by alloying
that makes possible hardening through quenching and aging. This is
demonstrated by samples of type No. 8 which were alloyed with some
amount of Cu and Ag as it was for the specimen No. 5. Their averaged
tensile strength after the deformation heat treatment becomes 333.3
MPa. Their plasticity is rather low but it is a bit higher than in the as
cast state.

Samples modified with NaCl + KCI flux sowed a high tendency to hot
brittleness during the deformation. Cracks appear from time to time
and some specimens even have fallen apart. Also, when machining
(turning) of the tensile test samples they were likely to tear. Thus, they
were excluded from the most of mechanical properties study. It only
could be said that in technological upsetting tests they show very low
plasticity—visible cracks appear after about 17-28% of upsetting.

The average hardness of the samples is given in Table 3.

For deeper comprehension of the material plasticity behaviour tech-
nological upsetting tests were performed. Its results are shown in Table
4.
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TABLE 2. Main mechanical properties of the studied samples in a cast state and
after deformation heat treatment.

Gy Gu, o 0
No. Sample type MPa | MPa S, % v, %

1 52% summary hot deformation, non-modified 128.0 196.4 6.22 22.45
0, 3 0,
2 30% summary hpt deformatlo'n.+ 12% work 951.6 275.7 0.94 0.93
hardening, non-modified
3 48% summary hot deformation + 27% work
hardening (AgNOs treatment)

229.5 273.0 3.30 9.30

4 Cast, non-modified, not alloyed - 89.0 ~0 ~O
5 Cast, AgNOstreatment, + ~2% Cu+~1% Ag+
+~0,7% Mn, quenching from 510°C and natural - 139.0 ~0 ~O
aging

6 70% summary hot deformation + ~2 h annealing
at 540°C, (AgNO; treatment)
7 25% summary hot deformation + 9% work hard-
ening, non-modified
8 38% summary hot deformation + 6% work hard-
ening +~2% Cu+~1% Ag+~0,7% Mn, quench-
ing from 510°C and natural aging (AgNOs treat-
ment)

63.7 137.122.5758.79

222.4 260.8 0.06 0.06

288.5 333.3 1.42 1.40

Analysis of the obtained complex of the mechanical properties
showed that in the studied case correlation between hardness and tensile
or yield strength exists but is no very strict, as it could be seen from the
plot on Fig. 6.

The cause of such behaviour seems to be following. The alloying with
subsequent quenching and aging increase both hardness and strength in
as cast or deformed state. Its effect is mostly conditioned by precipita-
tion hardening and some solid solution hardening. Reason of the
strength increasing after hot deformation of such alloy is different.
Growth of strength properties after cold deformation is merely a work
hardening that is accompanied with hardness growth and ductility de-
creasing. The observed increasing of strength and plasticity after the
hot deformation by the proposed technique is mostly caused by chang-
ing of the silicon inclusions morphology. Large sized sharp plates of sil-
icon it the as cast material although having some strengthening effect
also work like stress concentrators and micro defects. That is the most
reason of low plasticity of such materials and this also does not allow
them to fully show their strengthening effect. However, it does not so
much affect the material hardness. Shredded and spheroidized silicon
inclusions have significantly less effect as stress concentrators and less
likely forming sharp chips during tensile deformation. Hence, this pre-
vents premature material fracture. Another reason of the strength in-
creasing after the hot deformation may be in changing of the metallic
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TABLE 3. Hardness of the studied samples in a cast state and after deformation
heat treatment.

Z
o

0 3 O O = W N =

Hardness, HV
50.3
96.8
117.4
67.0
112.4
49.2
106.1
131.0

matrix structure. Instead of rough dendrites there appear equiaxial
grains also affected by primary recrystallization. High temperature an-
nealing leads to the collective recrystallization (grain growth) and takes
away all the residual deformation stress, which leads to some strength
decline.

The results analysis shows that the strength highly depends of both
hot and cold deformation degree. There might also occurs their non-ad-
ditive effect but it is not proofed enough. The dependence is not linear.
Summary hot deformation degree up to 40% gives the material addi-
tional strength increasing. Higher hot deformations give it additional
ductility, however there not observed more strength growth and it could
appear even less than it may be obtained after lesser hot deformation.
Cold deformation is able to allot the material merely an additional
strength as much as the plasticity allows it. Hardness of the alloy is
mostly affected by cold deformation (work hardening). The alloying also
increases it. However, the hot deformation might even somewhat de-

TABLE 4. Results of upsetting tests for the samples in a cast state and after
deformation heat treatment.

No. Upsetting degree before cracks appear, %

83.3
59.1
74.6
29.8
31.2
92.1
42.3
61.9

Ok Wh -
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Fig. 6. Correlation between hardness and strength properties for the studied
samples.

crease the observed hardness. Hardness of the material after the hot de-
formation remains on the level about 50 HV, which is close to one of the
cast material after annealing at temperatures higher than 500°C, which
was also observed in our previous study [9]. It is even less than in the as
cast state. Some additional investigations were performed for this phe-
nomenon comprehension. In the Table 5 are given the results of addi-
tional hardness and micro hardness of the metallic matrix measure-
ments.

In as cast state the metal matrix has some residual thermal stress that
resultsinits hardnessincreasing. The value of common hardness in this
case is very close to the metal matrix micro hardness. Annealing re-
moves them and the metal matrix micro hardness becomes significantly
lower. However, it is quite less than the common hardness. The pro-
posed hot deformation treatment technique works like some kind an-
nealing that removes the residual thermal stress and the metal matrix
hardness decline. We can also see that its growth with the summary hot
deformation degree, which may by the result of the matrix grain struc-
ture refinement. But the common hardness stands by the same value
about 50 HV as it is observed for the annealed state. Work hardening
increases the metal matrix micro hardness to the values higher than the
hardness in the annealed state. As a result, the common hardness ap-
pears close to this metal matrix micro hardness (a bit higher). The same
thing is observed for the as cast material. Hence, there is a specific bar-
rier, which is for this material at about 50 HV. It varies depending on
silicon content. For example, for the alloy with 3.5% of Si it will be
around 35...36 HV and for one with 9.0% Si—about 56...57 HV. Thus,
we come to the conclusion that the common resulting hardness of this
material could be mostly conditioned by silicon content or metal matrix
hardness. There is a barrier value of hardness that depends on the sili-
con content. Lower it the common hardness is completely conditioned by
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TABLE 5. Common hardness and metal matrix micro hardness.

Sample type Hardness, |Metal matrix microhardness,
HV HV

52% summary hot deformation 50.3 48.2

29% summary hot deformation 50.2 43.4

As cast state 67.0 65.9

Annealing for 1.5 h at 520-540°C 49.2 41.8

48% summary hot deformation + 117.4 114.2

+ 27% work hardening

Annealing for 3 h at 520-540°C 35.2 29.5
(3.5% Si)

60% summary hot deformation 35.6 33.3
(3.5% Si)

Annealing for 1.5 h at 520-540°C 56.1 40.2
(9.0% Si)

25% summary hot deformation 56.7 44.6
(9.0% Si)

silicon content, higher it mostly caused by the metal matrix hardness
with only a slight effect of silicon.

In the dependence of the ductility properties (6 and y) there was noth-
ing unexpected—they are increasing with hot deformation degree
growth, and subsequent work hardening declines them. Values of 6 and
y are in strict linear correlation between each other.

Technological upsetting tests showed that even in the as cast state the
material could have some plasticity even at the home temperature. How-
ever, it is significantly less than it is observed for all the studied sam-
ples after the deformation heat treatment.

4. CONCLUSIONS

1. A technique of deformation heat treatment was proposed for Al-Si
alloys that allows significant both strength and ductility increasing.
The method consists in a serial of small hot deformations with interme-
diate cooling and short annealing between the deformations. The hot de-
formations beginning temperature should be about 490-540°C. The hot
deformations finishing temperature should be about 450°C the first
stages and could be reduced to 400 or even 350°C for the final stages
when the material obtains enough plasticity. Owing to the ductility ac-
quisition the material could be affected to work hardening to increase
its strength even more. Samples affected 70% of summary hot defor-
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mation could withstand up to 90% upsetting degree at the home tem-
perature. However, it reduces the final plasticity. Strength and hard-
ness of this alloy could be even more increased though alloying which
makes possible a hardening by quenching and aging.

2. The growth of both ductility and strength increasing after the hot de-
formation is mostly caused by changing of the silicon inclusions mor-
phology. They are shredding and their shape becomes polyhedral close
to spherical. Such inclusions still not as much effect as stress concentra-
tors and micro defects tearing the metal matrix during deformation. In-
termediate cooling between the hot deformations lead to some changing
of Si content in the solid solution. According to the phase diagram its
equilibrium content at the heating temperature is about 1% and at the
home temperature it is about 0.01% . So there occurs some dissolution
of the silicon inclusions surface when heating and re-deposition when
cooling. This effect might additionally promote the inclusions spheroi-
dization.

3. Theinitial cast structure has an effect to the structure and properties
in the deformed state. Finer, modified with disperse parcels, structure
allows obtaining of smaller silicon inclusions and disperse equiaxial
grains of the metal matrix. It results in greater values of its plasticity
after the hot deformation and bigger residual ductility after the work
hardening. Such material could withstand greater degree of cold plastic
deformation. However, treatment of the melt with NaCl + + KCI flux
was not benefit for the case. Nevertheless, it affects the cast structure,
especially silicon inclusions shape, the size of the inclusions remains ra-
ther large. Also, samples modified in such a way show a high tendency
to hot brittleness during hot deformation.

4. It was observed an unusual behaviour of the material hardness after
the hot deformation. Although the material tensile and yield strength
increasing, the hardness do not grow and becomes even less than in the
as cast state remaining on the level of annealed cast product. The only
way to increase the hardness in this case is alloying and/or work hard-
ening. Nevertheless, the hardness of the metal matrix could slightly
grow with the hot deformation degree increasing, the common hardness
remains on the same level. It was found out that for the studied material
there exist a barrier value of the hardness which mostly depends on sil-
icon content only. If the metal matrix hardness is lower than this barrier
value the common hardness is standing on it. If the metal matrix hard-
ness overcomes this value, it becomes mostly affect the common hard-
ness, which will be only slightly greater than the metal matrix hardness.
5. Dependence of the strength properties from the hot deformation de-
gree is nonlinear. Increasing the summary hot deformation degree to
the values up to 40% results in the additional strength growth. Higher
summary hot deformation degrees could additionally increase the duc-
tility, but do not give an additional effect to the material strength.
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There could be obtained even less strength values than after lesser hot
deformation.
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