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Anissue of improving the extruded titanium alloying elements with the purpose of the components dilution
speed and completeness enhancing is discussed in the paper. Investigation of titanium alloying tablet
obtained by cold extrusion has been fulfilled. Problems of the powdered titanium densing are listed and
discussed. Determined were chemical compositions of titanium alloying elements from different suppli-
ers, implemented was an estimation of mechanical strength subject to the density of tablets, obtained
were the data on absorption and dilution in aluminium solutions, studied was the flux and titanium powder
distribution in alloying tablet. Comparative analysis of the alloying tablet porosity has been carried out by
means of the ImagedJ image analysis and processing software. Molasses has been used in the produced
alloying tablet as a binder, which guarantees the flux uniform distribution throughout tablet volume with
homogeneous pores formation after annealing, as distinct from the tablets of other manufacturers. The
flux uniform distribution throughout tablet volume assures forming the aluminium alloy structure with the
given composition of intermetallic compounds.

The obtained alloying tablet possesses higher mechanical properties and demonstrates rate of dissolution
in aluminium solution 15-20% higher than that of analogues. It was found that titanium powders should
have improper (irregular) form and advanced surface of particles to allow pressing them at low pressures
in rigid matrices and obtain products in tablets with the required porosity and strength. It was revealed
that improvement of flux adhesion with titanium powder and powders compressibility is achieved by means
of introducing a binder, molasses, which envelops particles and provide and additional strength of tablets
on extrusion.
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Introduction

tively applied both in ferrous and non-ferrous met-

allurgy for modifying structure and properties of
alloys [1, 2]. It is known that undersize-particles titanium
powders are well moulded and sintered, while materials
of coarse powders are used as pseudoligatures for alloyed
steel production [3—6].

Modern technologies of aluminium alloys manufac-
turing are directed towards alloying by separate refractory
element [7—10]. Alloying tablets (pseudoligatures) repre-
sent one of alternatives to chemical elements introduction
to melt along with the cast pig or rod alloying elements
and powders [11, 12]. The briquetted alloying materials
with Ti80F20 flux are destined for aluminium alloys dop-
ing by titanium and are used for aluminium alloys of all
groups (1xxx and 8xxx series).

The extruded titanium briquettes consist of uniformly
distributed particles of powder, which are segregated by a
layer of fusible matrix — combined flux. Density of a bri-
quette depends on magnitude of compacting pressure in a

T itanium is one of alloying elements which is ac-

punch. At that, the area of contact is growing and an in-
fluence of the pores presented in volume on the processes
proceeding in the briquette during melting in liquid melt is
lessening. Interaction of elements in a volume of briquette
takes place in a solid phase (powder dissolution), and in a
liquid one — in a melt of salts as well [13, 14].

Resting on the user’s test data it is possible to choose
the following advantages of the alloying tablets applica-
tion:

— the tablet dissolution rate (25—30 min) at the melt
operating temperatures of 730—750 °C because of high
porosity and strength of the alloying element;

— the metal temperature change during tablets disso-
lution within the established interval (10—15 °C);

— capability of a furnace charge composition adjust-
ment on alloying and simplicity of the extruded briquettes
use without additional weighing;

— the cost of transport cutting down and the storage
facilities reduction.

Generally, tablets are of a cylindrical form and are
moulded of titanium powder with addition of a spe-
cial nonhygroscopic fusible flux in various proportions
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(from 75% to 100%), for ensuring quick dissolution in
a melt. Tablets are manufactures by extrusion in a metal
matrix in especial unit. The powdered flux nonuniform
distribution in a body of a titanium-powder tablet due
to the difference of their densities is a main reason of a
poor quality of alloying elements and leads to negative
consequences during the aluminium alloys manufactur-
ing. Difficulties with the powdered composite briquettes
storing and transportation to furnace units are the ap-
plied problems.

Currently available titanium alloying tablets produc-
tion techniques don’t reflect a know-how of manufactur-
ing the high-quality modifying tablets of titanium (ho-
mogeneous structure, uniform flux distribution, stable
content of titanium, strength, porosity, and density). In
this connection, elaboration and more accurate defini-
tion of process and technical arrangements for producing
high-quality extruded powders in the context of existing
technical specifications and instruction are of scientific
and practical interest.

Materials and experimental technique

Specimens of alloying elements from three suppliers
have been selected in order to reveal the main disadvan-
tages of the producible titanium alloying.

Titanium powders of TPP-2 (“VSMPO-AVISMA”)
brand as a furnace charge material and an Aleastur flux
composition (NaCl —45 % (wt.), KCl — 55 % (wt.)) have
been used to produce the alloying tablets with molasses as
a binder, which has been poured in amount of 7—9% for
100 mass parts of titanium powder and flux.

The powdered mixtures have been compacting at
room temperature. The resultant briquettes have been
annealed for 60 min at the temperature of 80—100 °C.
Grinding of the powders has been carried out on a Retsch
MM 301 vibratory mill. Particles of titanium powder have
been distributed by size by means of a Horiba LA-950 laser
diffraction/scattering particle size distribution analyzer.
Macrostructures of the powders have been examined
by an Axio Lab.Al microscope with localized lighting
system.

The powders have been blended for an hour on a
laboratory mixer with gate-impeller mixer. A Buehler
Simplimet fully automatic electro-hydraulic press has
been used for powders extrusion. As a rule, on cold extru-
sion, the calculated by formula quantity of prepared pow-
der is fed up to a mould and then pressed by punch. An
automatic machine (a Bipel 200 complex with horizontal
extrusion) in a hands-off mode is feeding the powder from
press bin to matrix, fills up the matrix, compresses a bri-
quette and then pushes it out to a conveyor. The blending
and pressing results can be checked-up by physicotech-
nological properties of a furnace charge on determining
granulometric composition, bulk weight, fluidity, density
and chemical composition. In practice, only a part of
manufacturing characteristics is registered and compared

METAL PROCESSING

are the two parameters: mechanical strength test and den-
sity of briquettes.

Comparative assessment of the alloying materials dis-
solution rate has been implemented in laboratory environ-
ment on a laboratory-scale plant for triplex process. In a
crucible furnace with capacity of 10 kg, aluminium of a
AT7E (1000 g) grade has been melted down, heated up to
730—740 °C, added with cut templates of the tablets ac-
cording to the calculations and then samples have been
chosen after 2, 4, 6...40 min to check the chemical state of
aluminium. Dissolution kinetics of tablets and percentage
of alloying components absorption have been estimated
according to the results of chemical compositions of the
samples.

Results of investigations and their discussion

As a result of implemented study on titanium powders,
it has been found that metallics should have an irregular
form with uniform flux distribution in the mould volume
to guarantee solid cohesion and flux distribution over the
tablet volume.

In case of titanium with various form of particles usage
in an alloying tablet, the local formation of cracks take
place (Fig. 1) and the flux slipping through the voids of
titanium powder with particles of oblong form is observed.
In case of a nonuniform flux distribution (Fig. 2), exami-
nation of chemical composition of a tablet (Table 1) by the
laser surface scanning method reveals essential deviations
(up to 15—20%) in titanium content already at a 1-cm?
square.

Fig. 1. Local cracks on a tablet surface

Fig. 2. Flux nonuniform distribution on a tablet surface
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Table 1
Chemical composition of TiBOF20 tablets

Number Chemical composition, %

1 0.30 0.11 0.009 78.2 0.01 0.001 <0.010 0.031
2 0.29 0.10 <0.010 68.5 0.01 0.007 0.004 0.069 22.0
3 0.18 0.09 0.002 84.6 0.02 0.020 0.003 0.042

In Fig. 3 it is evident that if particles of titanium pow-
der have a spheroidal form, then additional voids appear
on the particles compacting. That degrades mechanical
strength and leads to the tablet destruction during carry-
ing, charging and entry of the first portions of metal on
melting.

According to the existing methods of titanium pow-
ders manufacturing [15, 16], the following demands are
made. Powders of titanium should have an improper (ir-
regular) form and advanced surface of particles to allow
pressing them at relatively low pressures in rigid matrices
and obtain products in tablets with the required porosity
and strength.

In order to achieve the given parameters of briquette
and its weight, density is calculated with the following for-
mula:

p = M/(3.14-R*h) (1)

where p — density, g/cm3; M — tablet weight, g; R — tablet
radius; 4 — tablet height.

To provide the tablet density (2.5—5.0 g/cm3) required
by the instruction of RUSAL UC, it has been previously
found that the optimum compacting pressure for alloy-
ing elements manufacturing equals to 250—300 kg/cm2
(25.5—29.8 MPa). It is necessary to mention that high
compacting pressure (350—500 kg/cmz) may lead to in-
ternal destruction of titanium powders particles and later
on, during an aluminium alloy doping, to melt penetra-
tion into the appeared voids where interaction of the
flux particles with molten aluminium takes place with
resulting formation of oxides, which are converting to
slag on complete tablet dissolution. Moreover, the over-
consolidated briquette have worse values of dissolution
rate (35—40 min), since moving aluminium melt doesn’t
infiltrate the alloying tablet completely for the latter
doesn’t posses the required porosity and make a barrier
oxide layer, which impede the tablet absorption during al-
loying process.

Application of lower powder compacting pressures
(100—200 kg/cmz) doesn’t guarantee the required density
and strength of alloying tablets which leads to powder
crumbling and unavoidable loss of alloying tablet geomet-
rics for more than 5—15%.

In the presented paper, the improvement of flux
adhesion with titanium powder and accurate powders
compacting are achieved by introducing the binding ad-
ditive — molasses, which envelops particles and provide
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and additional strength of tablets on extrusion by
simplifying their friction between the mold walls
and particles by themselves.

Process of the powder component interaction
18.6 with molasses take place in two stages: the firstisa
transport one or molasses (an adhesive) transfer-
ence towards the surface of titanium powder and
flux (a substrate) and their determinate orienta-
tion in the interfacial layer, at which a mechanical
cohesion is ensured; the second stage includes the adhe-
sive and substrate interaction stipulated by diametrically
opposed intermolecular bonding (van der Waals forces).
The adhesion process comes to the end with intermolecu-
lar interaction of contacting phases, which correspond to
the minimal surface energy [5]. Tablets annealing at 80—
100 °C is resulted in a 50—60% burning out of a binder
with residuary small microcavities and keeping the given
porosity and strength level (Fig. 4). The molasses content
in briquettes after annealing is insufficient since addition
of alloying element to aluminium melt doesn’t cause its
burning out which is confirmed by boiling absence on the
melt surface. Comparative analysis of porosity of the al-
loying tablet manufactured with molasses and without it
has been carried out by means of the ImageJ image analy-
sis and processing software (Fig. 5).

To check quality of briquetting the alloying elements
standard mechanical strength test is usually carried out

19.3

Fig. 3.

Fig. 4. Flux and pores uniform distribution on a tablet surface
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Fig. 5. Porosity background of an alloying composition:
a — with molasses; » — without molasses

in factory laboratories. Tablets of each sort of alloying ele-
ment are thrown down from a height of 1m to a cast-iron
area and then the strength is estimated at 5-point scale. In
some cases an impact tool is used to break the tablet and
visually estimate its porosity as well as the flux section dis-
tribution. The alloying tablets manufactured with molas-
ses and without it have been estimated by the hereinabove
procedure; the results are summarized in Table 2.

On the basis of the fulfilled investigations on compara-
tive assessment of the alloying tablets dissolution rate, a
kinetic dependence has been obtained (Fig. 6).

Table 2
The mechanical strength test at the measured density of tablets

Number Average Average
Sample 1 | Sample 2 | Sample 3 ) g density,
of a sample point 3
g/cm
1 4 4 3 3.66 3.95
2 3 4 3 3.33 3.28
3 4 4 5 4.33 4.12
With 5 5 4 4.66 4.05
molasses

Ti content, %
0.20
0.18 -
0.16 - —m—2
0.14
0.12 -
0.10 L == with molasses
0.08 -
0.06
0.04
0.02

—— 1

= 3

20 30 40
Time, min

Fig. 6. Titanium content in aluminium melt
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Time of alloying element assimilation up to Ti con-
tent of 0.20% for all specimens from different suppliers
didn’t exceed 40 min. But the least dissolution time of the
alloying briquette with a binder — molasses — was 28 min.

Chemical analysis of the alloy specimens picked in
the first time slot (5—7 min) shows insufficient increase
of titanium content, which is explained by its slow trans-
fer from the tablet surface. The diffusion processes with
a solid solution formation actively take place in this time
slot in a microvolume of an alloying element on a titanium
powder — flux boundary and transition to Al;Ti interme-
tallic compounds is beginning. After break-up of the al-
loying briquette, rapid discontinuous increase of alloying
element content in alloy takes place in accordance with
the chemical analysis results [17, 18]. In order to acceler-
ate the melt saturation with an alloying element, it is nec-
essary to either fulfill a melt stirring or apply the alloy-
ing element in a dispersed form, in case of using tablets
[19, 20]. Thus, for faster assimilation of titanium-powder
alloying elements, it is necessary that tablets would have
the sufficient porosity that the melt could move through
their pores and actively interacts with the particles until
their complete dissolution. At the same time, it should be
taken into account that the melt is under conditions of
free or forced convection with increase in time of the melt
isothermal holding at any selected temperature.

Conclusions

1t was found that titanium powders should have an im-
proper (irregular) form and advanced surface of particles to
allow pressing them at low pressures in rigid matrices and
obtain the pelletized products with the required porosity and
strength.

1t was revealed that improvement of flux adhesion with
titanium powder and the molding formation of powders are
achieved by means of introducing a binder, molasses, which
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envelops particles and provide and additional strength of
tablets on extrusion.

It was established that alloying tablets of different man-
ufacturers have high dissolubility in a flow of aluminium
melt. Time of alloying element absorption up to Ti content
of 0.20% for all specimens from different suppliers didn’t
exceed 40 min. But the least dissolution time of the alloying
briquette with a binder — molasses — was 28 min.
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