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Abstract

The paper presents research on the influence of degassing process parameters on the crystallization and gasification of EN AC-46000 alloy
(designation according to chemical composition — AISi9Cu3(Fe)). After melting, the alloy was degassed using Ecosal Al113.S solid refiner
and by blowing with an inert gas: nitrogen or argon. Various solid degasser contents and various nitrogen and argon blowing times were
used. Thermal and derivative analysis (TDA) were used to study the crystallization process of Al-Si alloy. The density index as well as
hydrogen content in the liquid alloy were determined. Using Alu Speed Tester, it was demonstrated that the lowest density index and
hydrogen content were obtained in the alloy degassed with the use of Ecosal at a concentration of 1% and then blown with argon for 15
minutes. It has been shown that increasing the efficiency of the degassing process results in prolonging the crystallization time of the tested
alloy, and in particular, the crystallization time of o.a1 + B(Si) binary eutectic. The justification given was the probable removal of small solid
particles from the liquid metal, which could form the basis for heterogeneous nucleation of the Al-Si alloy component phases during
degassing.
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1. Introduction by gas bubbles flowing through the liquid alloy. Ultrasound,
infrasound, variable electromagnetic fields, vacuum, and elevated
pressure are also used for degassing [5-14].

High hydrogen concentrations in Al-Si alloys result in porosity
in castings, which is particularly prevalent in high pressure die
castings. High pressure exerted on the liquid alloy in the pressure
mold causes many hydrogen bubbles to be released from it, which
remain in the microstructure after crystallization is complete. The
use of alloy degassing for die casting can significantly reduce the
degree of gasification and, consequently, porosity in the casting.

In numerous studies, authors show that the degassing process
significantly contributes to reducing impurities in aluminum alloys,
particularly their gas content. In turn, reducing the gas content in

Degassing is a process carried out on molten metal to purify it
of gases and solid impurities in the form of oxides, borides, nitrides,
or spinels, as well as harmful elements such as Li, Be, and Ca, and
excess Na, Sr, or Mg [1-5]. Solid or gaseous degassers are used to
remove gases from Al-Si alloys. Sodium fluoride and calcium,
potassium or magnesium chlorides are most used as solid degassing
agents for Al-Si alloys. These are chemical compounds that bind
impurities in liquid metal. Inert gases such as nitrogen, argon,
chlorine, or mixtures thereof are used as gas degassers. Blowing
aluminum alloys with inert gases causes hydrogen to be absorbed
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liquid Al alloys results in reduced porosity in castings, and
consequently increases their tightness and mechanical properties [15-
19].

The harmful effects of contamination in Al-Si alloys,
particularly excessive hydrogen content, are well known and
widely documented [20]. Much attention in the industry literature
is devoted to the harmful effect of excessive amounts of impurities,
including Hz, on the decomposition and porosity of Al-Si alloy
castings and, consequently, on the reduction of their mechanical
properties. Much less attention is paid to the influence of degassing
on the crystallization process of Al-Si alloys.

In view of the above, this study examined the effect of selected
technological factors in the degassing process using both solid and
gas degassers on the level of gasification and the crystallization
process of EN AC-46000 alloy. The tested technological
parameters of refining were the amount of solid degasser (Ecosal)
and the time of blowing the liquid alloy with nitrogen (N2) or argon
(Ar). The level of the alloy gasification was identified by
determining the so-called density index (DI) and hydrogen (Hz2)
content. The alloy crystallization process was characterized using
characteristic point coordinates determined by Thermal and
Derivative Analysis (TDA).

2. Methodology

2.1. Chemical composition and alloy preparation

EN AC-46000 alloy was used as the initial alloy for the tests.
Its chemical composition range, in accordance with PN-EN 1706
[21], is presented in Table 1.

Table 1.
Chemical composition range of EN AC-46000 alloy used for
testing according to PN-EN 1706
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Preliminary studies have shown that Si, Cu, and Mg have the
greatest influence on the mechanical properties of the alloy among
its constituent elements. It has also been shown that to obtain the
best strength properties within the standardized chemical
composition of the alloy, the content of these elements should be
limited to the following ranges: 9.0-10.0% Si; 2.0-2.5% Cu and
0.3-0.4% Mg. For the purposes of this study, it was assumed that
the content of Si, Cu, and Mg should fall within the narrow ranges
specified above, while the content of other constituent elements
should fall within the ranges specified in PN-EN 1706 (Tab. 1). The
full chemical composition of the alloy used for the tests is presented
in Table 2. The chemical composition of the alloys was determined

using a stationary metal analyzer SPECTROMAXx (SPECTRO
Analytical Instruments GmbH, Kleve, Germany).

Table 2.

Chemical composition range of EN AC-46000 alloy used for the
tests
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The variable parameters of the argon and nitrogen degassing
process were the time of blowing the liquid metal with these gases
while maintaining a constant gas volume flow rate. When using a
solid degasser, the variable parameter was the percentage of Ecosal
in the alloy. The amount of solid degasser as well as the degassing
time for Ar or N2 were applied according to the planned two-level
experiment, which is characterized in Figure 1 and Table 3.
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Fig. 1. Experiment plan diagram
where:
Zdeg, %o — content of solid degasser (Ecosal) in the alloy,
Tdeg, min  — time for blowing through the liquid alloy with

an inert gas: nitrogen (N2) or argon (Ar).

Table 3.
Degassing parameters for individual melts
Melt number Zace (];Z/cosal); Tdeg (Ar or N2); min
()

DO 0.5 7.5
D1 1.0 15.0
D2 0.0 15.0
D3 0.0 0.0
D4 1.0 0.0

The data presented in Fig. 1 and Table 3 show that the D3 melt
refers to an alloy that has not been degassed. In the case of D4
smelting, only Ecosal in an amount of Zdeg = 1%was used for
degassing, while in the case of D2 smelting, only any tested inert
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gas was used (blowing time tdeg = 15 min). The central point DO
and point D1 represent melts where degassing with Ecosal was
performed, followed by gas degassing. The Zdeg and taeg values for
these melts are presented in Fig. 1b.

The alloy was melted in an ELKON PI 30 induction furnace
(ELKON LLC, Rybnik, Poland) in an AC20 crucible made of SiC
with a capacity of 7 kg of Al alloy. The metal charge as EN AC-
46000 alloy ingots was melted and superheated to a temperature of
750 £ 10°C. To obtain the desired Si, Cu, and Mg content in
individual melts, Si or Al and Cu were added to the bath in the form
of technically pure metals, while magnesium was added as AZ91
alloy. After dissolving the alloying additives in the liquid alloy,
degassing with Ecosal Al113S solid degasser was carried out,
followed by gas degassing with nitrogen or argon.

Gas degassing (with N2 or Ar) was carried out using a steel
lance inserted into the bottom of the AC20 crucible. To reduce the
hydrogen content, the melt was purged with gases for a specified
period. After blowing was completed, the slag was removed from
the surface of the melt, and the temperature was stabilized at the
selected level. The gas degassing process is shown in Figure 2.

gas

~ perforated steel lance

slag-oxides 7 \ _AC20
AR / crucible

B - gas bubble
liquid
Alalloy

Fig. 2. Schematic diagram of gas degassing (with Nz or Ar) using
a perforated steel lance [own study]

2.2. Test castings production

After degassing, the temperature of the liquid metal was
lowered to 700+10 °C and the crystallization process was examined
using Thermal and Derivative Analysis (TDA) and its gasification.

2.3. Thermal and derivative analysis

The thermal and derivative analysis (TDA) characteristics were
recorded at an alloy quality control station equipped with a
computer, Crystaldigraph, stand, and TDA probe. The probe, made
as a shell sand mold, is shown in Figure 3.

A PtRh10-Pt thermocouple was used to record the temperature,
which was inserted into the quartz tube of the TDA probe (Fig. 3).
A numerical filter of derivative 15 was used to present the curves
in the paper.

AA (1:1)

Fig. 3. TDA probe: 1) shell mold,
2) quartz tube closed on one side [own study]

The recorded TDA characteristics consist of a temperature change
curve t=f(t) and a curve of the kinetics of thermal crystallization
processes (the so-called derivative curve) dt/dt=f’(t). The derivative
curve dt/dt=f’(1) was determined based on t=f(t) curve. On the
derivative curve, characteristic points were determined: local
extrema (minima and maxima) and values dt/dt=0. The
characteristic points of TDA curves can therefore be determined by
specifying the values of the following variables: temperature “t”,
time “t” from the start of recording, and the value of the first
derivative “K= dt/dt”.

2.4. Alloy gasification analysis

The DI density index and hydrogen content were determined
using the Alu Speed Tester (FMA, Schaan, Liechtenstein) with an
FMA Balance scale.

2.4.1. Density index determination

The alloy density index (DI) was determined based on density
measurements of specimens cast into metal molds on the Alu Speed
Tester. The first specimen solidified at ambient temperature and
pressure, while the second solidified at a reduced pressure of 80
mbar. The density of the specimens after cooling to ambient
temperature, Dam for the first specimen and Dsombar for the second
specimen, was measured on a dedicated FMA index scale, while
the density index was automatically calculated using the
Archimedes Principle function.

Based on the determined specimens’ densities, the density
index DI in % can be calculated using formula (1):

DI:(Datm-DROmbar)/Datm' 1 00, % (1)
where:
Datm — density of the alloy specimen solidifying at

atmospheric pressure, g/cm’,
Dsombar ~ —density of the alloy specimen solidifying at reduced
pressure to 80 mbar, g/cm’.

2.4.2. Measurement of hydrogen content in alloy
The measurement of hydrogen content in alloy is based on the
principle of the first gas bubble according to Y. Dardel. When the
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ambient pressure is lower than or equal to the partial pressure in the
molten metal, the gas escapes from it due to the difference in
density. This has been observed in the form of bubbles on the
surface of the liquid metal.

The concentration of hydrogen Cu is calculated based on the
partial pressure of hydrogen Pu, the temperature of the liquid alloy
T, and the constants (A, B) for the alloying elements such as Cu,
Si, Mg, Mn. The hydrogen concentration H», in accordance with
“Sieverts' rule”, was determined using formula (2):

logH2>=0,5-log Py -A/T+B )

where:

H2 — concentration of dissolved hydrogen in aluminum
alloy, cm*/100 g,

Pu  — partial pressure of hydrogen, mbar,

T  —liquid alloy temperature, K,

A, B — empirical constants dependent on alloy composition.

2.5. Microstructural tests

Metallographic sections were made on specimens taken from
the TDA probe, and its surface was etched with a 2% aqueous
solution of HF acid. The prepared specimens were observed, and
microstructure photographs were taken using a Nikon Eclipse
MA200 metallographic microscope (Nikon Metrology Inc.),
equipped with Nikon DS-Fi 1 digital camera. The photographs
were recorded using NIS-Elements Advanced Research digital
image analysis software. The microstructure examination was each
time performed in the same place of the test casting, in the area
located in the axis of rotation of the casting just above the quartz
tube that constituted the shield for the thermocouple (Fig. 3).

3. Results

3.1. Alloy gasification analysis

Tables 4 and 5 present the measurement results of the density
index and hydrogen content in the tested castings.

Table 4.
Density index DI and hydrogen content for the test series using
degassing with argon

Melt  Zaeg (Ecosal); Taeg (Ar); DI;

H: content;

number % min % cm?/100g
D0 0.5 7.5 0.39 0.09
D1 1.0 15 0.14 0.04
D2 0.0 15 0.35 0.09
D3 0.0 0.0 2.18 0.16
D4 1.0 0.0 1.17 0.13

Table 5.
Density index DI and hydrogen content for the test series using
degassing with nitrogen

Melt  Zgeg (Ecosal); Taeg (N2); DI;

H: content;

number % min % cm?/100g
D0 0.5 7.5 0.59 0.10
D1 1.0 15 0.26 0.07
D2 0.0 15 1.00 0.13
D3 0.0 0.0 2.18 0.16
D4 1.0 0.0 1.17 0.13

The research showed that the highest gas content was found in
the undegassed alloy, i.e. D3 melt common to both research series.
Then the alloy is characterized by the highest values of DI=2.18%
and H2 = 0.16 cm?/100g. Degassing only with Ecosal in the amount
of Zdaeg = 1% (melt D4, also common to both research series)
resulted in a reduction of the alloy gasification, the values of the
tested alloy quality parameters decreased to DI = 1.17% and Hz =
0.13 cm?/100g. Also, the use of only gas (D2 melts), regardless of
its type, resulted in a reduction in the gas content. In the case of
blowing with argon at Tdeg = 15 min, DI = 0.35% and Hz content =
0.09 cm?/100 g were obtained, while the same time of blowing with
nitrogen allowed to obtain DI = 1.00% and H2 content = 0.13
cm?/100 g. Achieving a similar or better degassing effect was
possible thanks to the combined degassing, first with Ecosal and
then with inert gas (Ar or N2). The use of 0.5% Ecosal and
subsequent argon blowing for 7.5 minutes (DO melts) resulted in a
melt characterized by DI =0.39% and Ha = 0.09 cm?/100 g. For the
same degassing parameters (Zdeg and Tdeg), but using nitrogen as a
gas degasser, an alloy with DI = 0.59% and H2 = 0.10 ¢cm?/100 g
was obtained. The best degassing effect was achieved for D1 melts,
i.e. for the highest amount of solid degasser 1% and the longest gas
blowing time 15 min, regardless of the type of degassing gas. The
use of above-mentioned degassing parameters with argon resulted
in an alloy with DI = 0.14% and Hz = 0.04 cm?/100 g. On the other
hand, the use of nitrogen with the same degassing parameters
resulted in an alloy with DI = 0.26% and Ha = 0.09 cm?/100 g.

3.2. Study of crystallization parameters

Figure 4 shows example TDA curves of undegassed EN AC-
46000 alloy.

ARCHIVES of FOUNDRY ENGINEERING Volume 25, Issue 4/2025, 124-132 127



=
=]
S

o

600

t, °C

500

'
3

dt/dt, °C/s

'
b

400

l
&

L L L LR LR LR AR
o)

cc i b b b g i

'
Y

300 P

0 100 200 300 400 500
1.8

Fig. 4. Example TDA curves for undegassed EN AC-46000 alloy

Fig. 4 shows two curves: the melt temperature change curve

t = (1) and the derivative curve dt/dt = f'(t).
There are three thermal effects on the derivative curve resulting
from changes occurring during the cooling and solidification. The
thermal effect described by points AB results from the
crystallization of primary dendrites of aar solid solution. Point A
denotes the maximum thermal effect caused by the crystallization
of the a1 solid solution, i.e., the moment of the most intense release
of latent heat of crystallization, while point B denotes the end of
crystallization of this phase and the beginning of the next phase
crystallization in the described system. It is described by BDEFK
thermal effect aa1 + B(Si) eutectic mixture. Points D and F represent
so-called zero points, where dt/dt = 0; and when transferred to the
t=f(1) curve, these are the points determining the minimum (point
D) and maximum (point F) temperatures in temperature
recalescence during the crystallization of aartf(Si) eutectic
mixture. Point E marks the maximum thermal effect of eutectic
mixture crystallization. At point K, the crystallization of aai + B(Si)
binary eutectic terminates and the crystallization of another, more
complex eutectic mixture begins. It contains not only oar and B(Si)
solid solutions but also intermetallic phases rich in Cu and Mg. On
the differential curve, this is visible as KLM thermal effect. Point
L represents the maximum thermal effect from the crystallization
of this eutectic, while at point M the crystallization of this eutectic
and the entire alloy terminates. The description of the
crystallization process of multicomponent hypereutectic Al-Si
alloy and the types of phases occurring in it are widely documented
in the industry literature [22-24].

A broader overview of TDA curves for a series of tests using
argon degassing is presented in Figure 5.

Regarding the complete set of melts defined in the
experimental design (Fig. 1), the summary presented in Fig. 5
curves for melt DO (the central point of the experimental design)
are missing. At this point, as at point D1, combined degassing with
Ecosal and argon was performed. The curves in these two smeltings
were similar. Curves for D1 melting are presented, in which the
alloy was refined using the maximum tested values of Zdeg and tdeg
parameters. Tables 6-8 present the coordinates of characteristic
points of all TDA curves for alloys after argon degassing. These

€9

are, respectively, the values of time from the start of recording “t”,

temperature “t” and the first derivative of temperature calculated
with respect to time “K= dt/dt”.
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Fig. 5. Example TDA curves for EN AC-46000 alloy recorded in
a series of tests using Ecosal and argon (Ar) degassing process

Table 6.

Time “t” from the start of recording at characteristic points of TDA

curves of the tested Al-Si alloy degassed with Ecosal and argon

(A1)

Melt T, S
number TA 1B D 1E TF K 1L ™

DO 18.5 262 43,5 499 556 2675 293.7 3424
D1 173 25.0 - 48.0 - 290.0 309.2 359.1
D2 184 26.1 446 485 58.1 2834 305.8 3557
D3 153 23.0 384 41.6 441 2540 2745 3104
D4 176 256 451 512 550 263.6 3033 3372

Table 7.

Temperature “t” at the characteristic points of the TDA curves of

tested Al-Si alloy degassed with Ecosal and argon (Ar)

Melt t, °C
number  tA tB tD tE tF tK tL tM

DO 5822 5769 569.0 569.2 569.3 5084 493.1 460.8
D1 579.6 575.0 - 568.3 - 5054 4954 4633
D2 5783 5739 567.1 5672 567.6 504.1 491.7 459.1
D3 581.1 575.0 568.3 568.6 568.7 507.2 496.2 473.6
D4 582.4 5774 5704 570.6 570.9 518.2 495.8 473.7

[IxH)
t

Table 8.
First derivative “K=dt/dt” at the characteristic points of TDA
curves of the tested Al-Si alloy degassed with Ecosal and argon

(A1)
Melt K, °C/s
number KA KB KD KE KF KK KL KM

DO -0.23 -0.88 0.00 0.01 0.00 -0.68 -0.35 -0.78
D1 -0.24  -0.79 - 0.00 - -0.67 -0.33 -0.77
D2 -0.11 -0.77 0.00 0.04 0.00 -0.70 -0.32 -0.78
D3 -0.18 -0.93 0.00 0.02 0.00 -0.70 -0.27 -0.83
D4 -0.19 -0.78 0.00 0.03 0.00 -0.68 -0.39 -0.83

The TDA curves shown in Fig. 5 and the data in Table 6
indicate that, regardless of the degassing variant, the crystallization
process takes longer than that of the undegassed alloy. The time
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difference between points A and B, which mark the crystallization
of a1 solid solution dendrites for undegassed alloy (melt D3), is 1B
—1A =17.7 s. For the other melts in this test, the differences between
7B and tA are similar and range from 7.7s to 8.0s. Significantly
greater differences in time occurred within the crystallization of
eutectic mixtures in the alloy under study. The crystallization of aai
+ B(Si) binary eutectic mixture occurs during the time “tK - 1B”,
while the crystallization of the complex eutectic mixture containing
Cu- and Mg-rich intermetallic phases occurs during the time “tM
—1K”. The shortest eutectic crystallization time T — 1K = 56.4 s
was for undegassed alloy (melt D3). In the case of degassed alloys,
the crystallization time “tM — tK” increased and, for all cases of
degassing process considered, ranged from 69.1 s to 74.9 s. The
most systematic differences in crystallization time were obtained
in the case of the phase with the longest crystallization time, i.e.,
binary eutectic mixture. These differences are presented in Figure
6.

260
250
240
230

TK-1B, s

220
210

200
0.0 7.5
TArL, s
Fig. 6. Crystallization times “tK — tB” of aa1 + f(Si) binary
eutectic mixture calculated based on characteristic points of TDA
curves for Ar-degassed alloys

The data presented shows that, as it was in case of ternary
eutectic mixture, the shortest crystallization process of binary
eutectic mixture was for undegassed alloy, where tK — 1B =231 s.
The use of Ecosal alone (Zdeg= 1%) prolonged the eutectic mixture
crystallization to 238 s. Performing only gas degassing, i.c.,
blowing argon for 15 minutes, resulted in prolonging the
crystallization of the binary eutectic mixture to 257.3 s. The use of
combined degassing (Zdeg = 1% and tdeg = 15 min) extended the
process to 265.0 s.

No systematic changes were found in the other coordinates of
TDA curves characteristic points, i.e. “t” and “K”, caused by
changes in the degassing parameters under investigation.

Tables 9-11 show the time from the start of recording “t”,
temperatures “t” and the first derivative of temperature with respect
to time “K= dt/dt” for the second series of tests using nitrogen
degassing. The course of the TDA curves was like the curves
obtained for argon-degassed alloys.

Table 9.

Time “1” from the start of recording at characteristic points of TDA

curves of the tested Al-Si alloy degassed with Ecosal and nitrogen

(N2)

Melt T, S
number tA 1B ™D TtE F K L ™

DO 18.1 258 437 482 54.0 276.7 301.0 336.2
D1 16.1 232 417 449 475 2734 2894 3464
D2 18.1 27.7 482 52.0 552 2703 2844 315.1
D3 153 23.0 384 41.6 441 2540 2745 3104
D4 17.6 256 451 512 550 263.6 303.3 3372

Table 10.

Temperature “t” at the characteristic points of TDA curves of the

tested Al-Si alloy degassed with Ecosal and nitrogen (N2)

Melt t, °C
number  tA tB tD tE tF tK tL tM

DO 578.9 5753 5693 569.7 569.9 507.9 493.8 471.0
D1 581.9 577.0 5704 570.5 570.7 503.2 494.7 482.5
D2 582.0 576.8 569.6 569.8 569.9 501.8 494.6 474.4
D3 581.1 575.0 5683 568.6 568.7 507.2 496.2 473.6
D4 5824 5774 5704 570.6 570.9 518.2 4958 473.7

Table 11.

First derivative “K=dt/dt” at the characteristic points of TDA

curves of the tested Al-Si alloy degassed with Ecosal and nitrogen

(N2)
Melt K, °C/s

number KA KB KD KE KF KK KL KM

DO 0.07 -0.64 0.00 0.04 0.00 -0.71 -0.33 -0.82
D1 -0.23 -0.80 0.00 0.01 0.00 -0.70 -0.34 -0.80
D2 -0.04 -0.77 0.00 0.02 0.00 -0.75 -0.27 -0.87
D3 -0.18 -0.93 0.00 0.02 0.00 -0.70 -0.27 -0.83
D4 -0.19 -0.78 0.00 0.03 0.00 -0.68 -0.39 -0.83

The data presented in Tables 9-11 show that, also for this series
of tests, the smallest differences in crystallization time were
obtained for the o1 solid solution. In this case, the minimum value
of 1B — TA = 7.1 s was obtained for melt D1, while the maximum
value of 1B — TA = 9.6 s was obtained for melt D2. Greater
differences were obtained in the case of the crystallization time
“tM — 1K”. The shortest eutectic crystallization time t™ — 1K =
44 .8 s was for the alloy refined with nitrogen for 15 min (melt D2).
This is a shorter time compared to undegassed alloy (D3 melt),
where “tM — 1K” amounts to 56.4 s. For the remaining degassed
alloys, the crystallization time of the complex eutectic mixture “tM
— tK” was longer than in the above-mentioned melts and ranged
from 59.5 s to 73.6 s. Also, in this series of studies, the largest and
systematic differences in crystallization times were obtained for
binary eutectic mixture. These differences are shown in Figure 7.
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Fig. 7. Crystallization times “tK — tB” of aa1 + f(Si) binary
eutectic mixture calculated based on characteristic points of TDA
curves for N2-degassed alloys.

The results presented in Fig. 8 show, similarly to argon-
degassed alloys, that the crystallization time of the binary eutectic
mixture “tK — 1B” increased in all degassed melts compared to the
undegassed. The longest binary eutectic mixture crystallization
time was observed in the case of combined degassing, and thus in
melt DO (Zdeg = 0.5% and Tdeg = 7.5 min) this time was 250.9 s; and
in melt D1 (Zdeg = 1.0% and Tdeg = 15 min), a similar time 250.2 s
was obtained.

Also, in this series of tests, no systematic changes were found in
the remaining coordinates of TDA curves characteristic points, i.e.,
“t” and “K,” caused by changes in the degassing parameters.

3.3. Microstructural tests

The microstructure of EN AC-46000 alloy is widely known and
extensively described in global literature. According to the
literature [22-25], it consists of primary dendrites of aal solid
solution, aai+p(Si) eutectic mixture, and intermetallic phases, that
are part of the complex eutectic mixtures. The most common
intermetallic phases in the studied alloy are: Al.Cu, Mg>Si, and
Alis(Fe,Mn)3Si2. More complex phases from Al-Cu-Mg-Si (e.g.,
AlsCuMgsSi¢  and  AlsCuxMgsSis) and Al-Mg-Fe-Si  (e.g.,
AlsMgsFeSis) systems are also frequently found. The presented
description of the microstructure is consistent with the previously
presented results of the crystallization studies using TDA method.
Figures 8 and 9 show the microstructure of EN AC-46000 alloy
without degassing and after degassing with Ecosal (Zaeg = 1.0%)
and argon (Tdeg = 15 min), respectively.

Figures 8 and 9 show that the microstructure of an undegassed
alloy contains porosity, whereas a properly conducted degassing
process allows it to be almost eliminated.
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F1g 8. Microstructure of undegassed EN AC- 46000 alloy tro
the TDA probe

Fig. 9. Microstructure of EN AC-46000 alloy after degassing with
Ecosal and argon (Zdgeg = 1.0%; Tdeg = 15 min) from TDA probe

4. Summary

The results presented in this paper indicate that all the
degassing variants analyzed produced the desired effect in the form
of a reduction in the gas content of the alloy tested. However, the
best results are achieved by degassing, which involves initially
introducing a solid degasser (Ecosal) into the liquid alloy and then
blowing it with an inert gas (Ar or N2). Among the gases tested,
argon causes better degassing. This is confirmed by the results of
gasification level tests (DI and H> content) conducted both for gas
alone and in combination with Ecosal pre-degassing. Of all the
variants tested, the best degassing occurred after Ecosal degassing
at Zdeg = 1.0% and argon blowing at Tdeg = 15 min. These parameters
resulted in a density index DI = 0.14% and H2 = 0.04 dm3/100 g of
Al-Si alloy. This is a favorable result compared to undegassed
alloy, where DI =2.18%; and H2 = 0.16 dm?/100 g. It has also been
demonstrated that effective degassing leads to a reduction in gas
porosity in the tested alloy. Crystallization studies using TDA
method have shown that degassing prolongs the crystallization and,
to the greatest extent, prolongs the crystallization time of the binary
eutectic mixture aa+p(Si). This time, described as “tK — tB,”
amounted to 231 s. for undegassed alloy. Combined degassing,
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carried out for parameters Zdgeg = 1.0% and tdeg = 15 min, in the case
of alloy blowing with argon, prolonged the crystallization of binary
eutectic mixture to 265 s, and in the case of nitrogen-degassing, to
approximately 250 s. The above considerations show that
degassing reduces the gas content in Al-Si alloy, while extending
its crystallization time. Based on the results obtained in this study,
an attempt was made to find a correlation between the level of alloy
gasification and the crystallization time of the binary eutectic
mixture oar+p(Si). In this case, density index DI was used to define
the level of gasification. The results obtained for both series of tests
are presented in Figures 10 and 11.

1K-1B. s
265 {
260
255
250
245
240 e
235
230 R
225
0.0 0.5 1.0 1.5 2.0 DI, %
Fig. 10. The dependence of “tK — tB” crystallization time of
binary eutectic mixture on the density index for Ar-degassed
alloys
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Fig. 11. The dependence of “tK — tB” crystallization time of
binary eutectic mixture on the density index for N2-degassed
alloys

The data presented shows that for both test series there is a
visible trend indicating the interdependence of the analyzed
variables, i.e., DI index and the binary eutectic crystallization time
“1K — 1B” of the tested alloy. In both cases, the values of the
coefficient of determination are not particularly high: for Ar-
degassed alloys R = 0.62, while for N>-degassed alloys, R? = 0.80.
However, in both research series, the volatility trend indicates an
increase in the crystallization time of binary eutectic mixture along
with a decrease in the level of gas content. This situation can be
explained as follows. It is well known that during the degassing
process, solid impurities are removed from the liquid alloy in
addition to hydrogen. From the point of view of the Al-Si alloy
crystallization, as well as most metallic materials, solid particles in
liquid metal have a significant effect on the crystallization process
[25-27]. Due to the similarity between the crystal lattice of solid
inclusions and potential crystallization nuclei in the phase alloy,

solid inclusions can serve as a substrate for heterogeneous
nucleation of alloy component phases, i.e., phase crystallization
substrate. In the case of Al-Si alloys, crystallization substrates, in
particular aluminum-silicon eutectic mixture, most often consist of
fine particles of previously crystallized AIP intermetallic phases
and phases from the Al-Fe-Si system, as well as fine particles of
the AL2O3 oxide layer that forms intensively on the surface of Al
alloys; as well as arsenic, sulfur, selenium, and tellurium [25-30].
It can also be assumed that strong degassing may also result in more
effective purification of the alloy from solid inclusions, including
those that may constitute substrates for heterogeneous nucleation
of alloy component phases. In view of the above, it can be
reasonably assumed that an effective degassing process,
accompanied by the depletion of solid phases that could serve as
nucleation substrates for aluminum-silicon eutectic crystallization,
leads to an extension of the crystallization time of the binary
eutectic 0 Al+B(Si) and the alloy.

Regarding the potential application of the results in production
conditions, it should be noted that the studies were conducted in
laboratory conditions. Both the capacity of the furnace used for
melting and degassing Al-Si alloy and the size of the test casting
(TDA probe) were relatively small. The described degassing
process will require verification in industrial conditions. The
results obtained in this work can be used as a baseline for this
verification process.

5. Conclusions

The data contained in the study shows that:

1. The most favorable density index and hydrogen content were
obtained when degassing with 1% Ecosal and additional
blowing with argon for 15 minutes.

2. Argon proved to be more effective as gas degasser; blowing
with this gas at the same process parameters resulted in greater
degassing compared to nitrogen.

3. Adecrease in the density index causes an increase in “tK — tB”
crystallization time of oar+(Si) binary eutectic mixture. The
probable cause of this correlation is the removal of small solid
particles from the liquid metal during degassing, which could
serve as a substrate for heterogeneous nucleation of the alloy
components.

4. Proper degassing process reduces the porosity of the casting.
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