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ABSTRACT

Purpose: The main aim of studies was to determine common influences on EN AW-A199,5 structure refinement
of reverse or impulse reverse magnetic field and small amount of inoculants sort AlTi5SB1, AlZr5 and AIV10
- less than obligatory standard PN-EN 573-3 (concerning about aluminium purity).
Design/methodology/approach: Factor variables of founding were: pulse frequency of magnetic field (f),
magnetic induction (B), time of magnetic field action (t) and inoculant quantity (M). Degree of fineness was
represented by equiaxed crystals zone content (SKR) on cylindrical castings cross-section of aluminium EN AW-
A199,5, average area of equiaxed crystal (PKR) and average area of columnar crystal (PKK) were calculated by
computer program to processing and image analysis after macroscopic metallographic research.

Findings: The results of investigations and their analysis show, that contribution of these both mechanism
models of additional creystal nucleuses formation i.e. magnetic field influence and introduction of small amount
of inoculant — less than in conventional modyfication process, should result in higher degree of fineness in
pure metals structure. It is not possible, when we use one of these methods. We must use these two methods
together.

Research limitations/implications: I further research, authors of this paper are going to identifiy the “washers”
to heterogeneous nucleation, which influences on increase of size reduction in structure.

Practical implications: The work presents refinement of structure methods which are particularly important in
continuous and semi — continuous casting where products are used for plastic forming.

Originality/value: The value of this paper resides in coupling of two fineness of structure methods. The first
method is internal factor — inoculation with (Ti+B) and the second method is external factor — influence of
electromagnetic field on crystallization process.
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1. Introduction using of inoculation with introduction into metal bath of specified
substances, called inoculants. Inoculant increase grains density as
result of creation of new particles in consequence of braking of
grains growth velocity, decrease of surface tension on phase
boundary of liquid — nucleus, decrease of wetting angle between
nucleus and “washer” and increase of density of “washers” to
heterogeneous nucleation. This leads to increase of equiaxed

Columnar crystals which are parallel to heat flow, creates
primary structure of pure metals independently from type of
crystal lattice (fig.1). This unfavourable structure for plastic
forming of ingots can be eliminated by controlling of heat

abstraction velocity from cast, change in chemical constitution crystals zone (fig.2), which guarantee of mechanical properties
and liquid metal convection [1, 2]. improvement, decrease of constituents segregation and limitation
Effective method of columnar crystals zone elimination is of hot cracks [2, 3].
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This method of inoculation of primary structure is limited for
pure metals, because inoculants decrease the degree of purity
specified in EN-PN standards. But introduction of small amount
of inoculant can be strengthened by use of fineness other method
i.e. use of ultrasonic vibration or magnetic field to force liquid
metal movement in mould [1, 2, 4+9].

Fig. 1. Structure of aluminium ingot with hot cracks
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Fig. 2. Structure of ingot cross-section

Forced liquid metal movement influences in diversified way
on changes in structure of casting i.e. by changes of thermal and
concentration conditions on crystallization front, which decrease
or completely stops the velocity of columnar crystals growth and
by [1, 2, 4]:

e tear off of crystals from mould wall, which are transferred
into metal bath, where they can convert in equiaxed crystals,

e parting of dendrite by coagulation and melting as result of
influences of temperture fluctuation and breaking as result of
energy of liquid metal movement (fig.3),

e crystals transport from free surface to inside the liquid metal,

e crystals from over-cooled outside layer of bath are transported
into liquid metal.
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Fig. 3. Parting of dendrite as result of liquid metal movement [2]
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Fig. 4. Scheme of reverse (a) and impulse reverse magnetic
field (b) influence on liquide metal
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Properties

In investigations the influence on crystallization process can be
realize by use of reverse — RPM (fig.4a) and impulse reverse
magnetic field — IRPM (fig.4b). The main difference between this
two magnetic fields is that continuous reversing movement in RPM
was changed on reversing movement with pause between following
changes of magnetic field direction in IRPM what enabled
occurrence of considerably higher electrodynamical forces in liquid
metal [10+14].

Preliminary investigations showed, that contribution of these
both mechanism models of additional crystal nucleuses formation
i.e. magnetic field influence and introduction of small amount of
inoculant — less than in conventional modyfication process, should
result in higher degree of fineness in pure metals structure. It is not
possible, when we use one of these methods. We must use these
two methods together, what results from [11+14].

2. Range of studies

The main aim of studies was to determine common influences
on EN AW-Al199,5 structure refinement of reverse or impulse
reverse magnetic field and small amount of inoculants sort
AlTi5B1, AlZr5 and AIV10 - less than obligatory standard
PN-EN 573-3 (concerning about aluminium purity).

Test castings were casted with exactly specified parameters:
pulse frequency of magnetic field (f), magnetic induction (B) and
time of magnetic field action (t), which became optimized on
basis of earlier investigations of EN AW-Al199,98 [10+14] and
they were suitably 0,5 [Hz], 50 [mT] i 30[s]. After study of
literature datas in investigations inoculants type AIlTi5B1
[2, 3, 15], AlZr5 [3] and AIV10 [3] were used. Inoculants quantity
were suitably (25Ti+5B) [ppm], (30Zr) [ppm] and (30V) [ppm].

Degree of fineness was represented by equiaxed crystals zone
content (SKR) on cylindrical castings cross-section of aluminium
EN AW-Al 99,5 and average area of equiaxed crystal (PKR) and
average area of columnar crystal (PKK).

3. Results and analysis

Full experimental plan with results of equiaxed crystals zone
content (SKR) on cylindrical castings cross-section of aluminium
EN AW-Al 99,5 and average area of equiaxed crystal (PKR) and
average area of columnar crystal (PKK) measurements are shown
in table 1.

Results of metallographic research are presented on fig.5+12.
The most favourable influence on size of equiaxed crystals zone
from applied inoculants has AITi5B1 (tab. 1, fig. 6+8). Moreover,
influence on structure refinement of impulse reverse magnetic
field (fig.9) is stronger than reverse magnetic field (fig.10).

Common influence of impulse reverse magnetic field and
inoculation with (Ti+B) (tab.1, fig.11) result in larger equiaxed
crystals zone content and smaller size of macrograin than in
standard sample (fig.5) and comparable in sample which was
casted only with inoculation (Ti+B) (fig.6) but it has larger size of
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macrograin than sample which was casted with influences of
magnetic field and inoculation.

Table 1.
Range and results of investigations

Sample . . SKR PKK PKR
number Variable factors of casting [%] [mmz] [mmz

Type of field: lack

! Inoculant sort: lack 2434 775 2632
2 Ino]zlrl,:n(t)ifr:}illflt?Bl 5144 1,38 445
5 ommsonc Alzrs 2% 678 2909
oo alvig 2106 732 2467
I
O ecantsorc gk 2506 899 068
T inomamsons TS 974 720 036
3 Type of field: RPM 3712 733 0.49

Inoculant sort: AlTi5B1

" - IRPM — impulse reverse magnetic field,
" - RPM — reverse magnetic field;

Fig. 5. Macrostructure of
sample number 1

Fig. 6. Macrostructure of
sample number 2

Fig. 7. Macrostructure of
sample number 3

Fig. 8. Macrostructure of
sample number 4




Fig. 9. Macrostructure of
sample number 5

Fig. 10. Macrostructure of
sample number 6

Fig. 11. Macrostructure of
sample number 7

Fig. 12. Macrostructure of
sample number 8

4.Conclusions

Based on conducted studies following conclusions have been

formulated:

Influence of impulse reverse magnetic field on solidification
process of pure aluminium, aided size reduction, which creates
mainly by introduction of small amount of inoculant sort
AITi5Bl - less than obligatory standard PN-EN 573-3
(concerning about aluminium purity).

Influence on structure refinement of impulse reverse magnetic
field is stronger than reverse magnetic field.

Influence only of magnetic field creates less increment of
equiaxed crystals zone width than influence only of inoculation
with (Ti + B).
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