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Behavior of Al,C5 Particles During Flotation
and Sedimentation in Aluminum Melts
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MARIA F. RENKEL, KAI ERIK EKSTROM, BERND FRIEDRICH,
and GABRIELLA TRANELL

Al4C5 particles form during the primary production of aluminum via molten salt electrolysis due
to the carbon solubility and direct contact between bath, metal, and carbon anodes. Additional
Al,C; may form during melt processing through direct contact between the melt and
carbonaceous materials. As a result of their small size and similar density to aluminum, removal
of aluminum carbide particles can be challenging. If not removed, carbides can produce
inclusion defects or poor surface condition in aluminum products. The current work studies the
removal and behavior of Al4C; particles during flotation with different gas mixtures, as well as
sedimentation. The interaction between carbide particles and Al,O; films during the melt
treatment processes was also studied and reported. Factsage thermochemical software was used
to model the interactions at the interface of inclusions and bubbles covered by films. The highest
degree of carbide removal was obtained after flotation with an H,O-containing argon gas
mixture, where the carbide concentration dropped below the measured solubility limit of carbon
at the corresponding temperature. Strong interaction between Al4C; particles and Al,O3 films
was observed during sedimentation which worked as an efficient removal method for the
particles. Oxidation of carbides and formation of oxycarbides were suggested as the mechanisms
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promoting the attachment of carbides on oxide films.
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I. INTRODUCTION

DURING aluminum production, different impurities
contaminate the melt endo- or exogenously. Sedimen-
tation and filtration are used as melt treatment methods
aimed at removing solid particles such as borides,
carbides, nitrides, and oxides. Gas purging/fluxing is
used to remove dissolved elements such as hydrogen and
alkali elements. Although gas purging and fluxing target
the removal of dissolved elements, particles are to some
extent also removed by flotation, which is a positive side
effect of the gas purging process.!!
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Carbon, resulting in the formation of aluminum
carbides in the melt, is introduced either during elec-
trolysis, through contact with carbon anodes, or during
melt processing, via reactions with different organic
compounds. The solid solubility of carbon in aluminum
is presumably very low and rarely—if ever-directly
measured. The only available literature estimating the
solid solubility of carbon in aluminum was authored by
Obinata in the 1960s,”! reporting 0.015 wt pct carbon
solid solubility in aluminum—a concentration that is
significantly higher than the later reported carbon
solubilities in liquid Al by the literature discussed below.
Carbon dissolved in the liquid largely precipitates as
AL,C5P! (Reaction 1) during cooling and solidification
according to:

4A1(l) +3C = A14C3(S),AG7270C = —159 kJ [1]

Figure 1 shows the aluminum carbide concentration
due to the precipitation of dissolved carbon measured
by Oden and McCune,™ Rodseth er al!®, and Dor-
ward® and Simensen!” as a function of melt tempera-
ture. In,*®. aluminum was held in contact with pure
graphite, ensuring carbon saturation in the melt. Oden
and McCune!” performed the measurements in the
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Fig. 1—The measured aluminum carbide concentration due to precipitation of dissolved carbon as a function of relevant melt temperature

ranges

temperature range from 1700 °C to 2190 °C, Rodseth
et al.®! between 665 °C and 1200 °C, and Dorward!®
the range from 790 °C to 1040 °C.

The results of Rodseth er al.™! and Dorward! are in
good agreement in the temperature range between 800
°C and 1050 °C. Simensen'! performed ten measure-
ments of samples from an operating electrolysis cell in
temperature range of 960 °C to 1000 °C and the results
showed a good agreement with Oden and McCune‘re-
sultsi” after extrapolating the data to the relevant
temperature range while Dorward® and Redseth
et al® measured at least double the amount of
aluminum carbldes in the same temperature interval as
Simensen.!”) Simensen noted that extrapolating such
measurements over different temperatures may contain
some uncertanities since carbon solubility in aluminum
melts strongly depends on the temperature.'®!

The size of precipitated carbide particles is typically in
the range of 0.1 to 5 um in diameter®™ and may lead to
surface defects and mechanical failures in thin wall
aluminum products, due to the formation of Al(OH)3
through reaction with moisture if not removed.”’) The
small size of the particles makes their removal a
challenge since filtration eﬂicrency decreases sharply
with decreasing inclusion size.”'” This may lead to an
insufficient removal of the carbide inclusions if they have
not formed larger clusters. In addition, the aluminum
carbide density is very similar to that of liquid aluminum
which leads to a very low inclusion sedimentation
efficiency.

Dorward reported that any process, which promotes
the adsorption of partrcles by foreign surfaces, will
increase their removal.”) Furthermore, the fine particle
size and density of aluminum carbide particles may
become advantageous in a flotation process rather than
a settling process. Flotation with an inert gas may carry
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the particles to the surface where they can be removed.
Additionally, flotation with an oxygen containing gas
may promote the attachment of particles on the bubbles
via formation of an aluminum oxide layer on the bubble,
leading to a better wetting between the particle and the
bubble. The oxygen content in the gas might also lead to
direct oxidation of carbides through reaction [2]:

2/9A14C5(s) + Os(g) = 4/9A1,05(s) +2/3CO(g)
AG°® = —769.742 4+ 0.070428 « T [kJ]
2]

The removal efficiency of aluminum carbide particles
must be improved in order to approach the quality
requirements of inclusion—critical products. A better
understanding of the behavior of carbides during melt
treatment steps is crucial for improving the removal
efficiency. This study hence focuses on the change in
aluminum carbide concentration during inert and oxida-
tive gas bubbling, or flotation, through the melt, as well
as the interactions between oxides, gas bubbles, and
carbides taking place during flotation and sedimentation
processes.

II. EXPERIMENTAL
A. Materials

Primary aluminum, sampled from an electrolysis cell,
was used in all experiments. The initial carbide concen-
tration in the metal was measured to 35 ppm by the
gas- chromatography method™ at the Hydro Aluminum
laboratories in Sunndalsera, Norway. The metal sam-
ples were dissolved in a sodium hydroxide (NaOH)
solution at a pressure of 107> torr. The reaction gases
were sampled (5 mL) with a syringe and analyzed in a
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gas-chromatograph equipment. The amount of alu-
minum carbide was calculated by comparing the gas
peak with that of a reference sample, having a known
methane content. The decomposition of the aluminum
carbide in the solution will take place through reaction

[3]:
AlLiCs(s) + 12H,0(g) = 3CHy(g) + 4AI(OH)4(s) [3]

B. Experimental Setup and Procedure

1. Experimental setup 1: study of Al,C; concentration
changes in gas-purged melts

For each experiment, 1 kg of the primary aluminum
was placed in an alumina crucible, having a 1L capacity,
which in turn was placed in a clay-bonded graphite
crucible to avoid contact between the graphite and the
melt. The assembly was placed in a 75 kW induction
furnace and fitted with a hood for purging argon over
the melt surface and for collecting off-gas for analysis.
An alumina filter (60 ppi) connected to an alumina tube
was immersed into the melt to introduce different gas
mixtures. Argon (Ar), Ar-H,0, Ar-CO,, and Ar-O, gas
mixtures were used to study the behavior and removal of
carbides via different gas compositions. The gas blowing
was applied for 30 minutes with a flow rate of 2 L/min
after the melt reached the target temperature. The
experimental layout and experimental parameters are
presented in Figure 2 and Table I, respectively.

Samples for carbide analysis were taken with a syringe
from the melt after blowing in experiment set 2 and by
cutting a sample of the solidified melt after the exper-
iment in set 1. The off-gas during the trials was analyzed
by FTIR (Fourier-transform infrared spectroscopy) and
Testo flue gas analyzer. CO and CH4 were measured by

Gas for purging
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b

Off-gas for analysis

Crucible
Filter for 100 mm

bubbling

Fig. 2—Experimental setup of gas purging experiments.
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Argon for gas shield

the FTIR and CO, CO,, and O, with the Testo flue gas
analyzer. No gas analysis was performed for trials 3 and
4 since the gas analysis was used for measuring the
moisture content of the inlet gas.

The aluminum carbide content of the reacted metal and
the resulting oxide taken after flotation trials was mea-
sured by gas-chromatographic analysis, see Section II-A.

2. Experimental setup 2: study of the behavior
of inclusions during gas purging

Approximately 600 g of the primary aluminum was
melted in a boron nitride-coated graphite crucible,
having a 0.3 L capacity, in a resistance heated furnace.
25 g of aluminum foil was charged together with the
primary aluminum pieces to generate oxide films and a
graphite rod was held in the melt to ensure an excess of
carbon. After the melt temperature reached melting
point, argon (5.0) gas was introduced into the melt
through a 60 ppi filter and the crucible was removed
from the furnace straight after to let the melt solidify
rapidly during gas purging. The trial was performed to
entrap the bubbles during solidification and observe the
inclusion removal mechanism rather than conducting a
parametric study. The experimental setup and parame-
ters are shown in Figure 3 and Table II, respectively.
Samples of the solidified melt around the filter, as well as
the dross, were mounted in epoxy and examined by
scanning electron microscopy (SEM) to characterize
inclusions/particles and films in the solidified material.

3. Experimental setup 3. study of the behavior of AL,C;
during sedimentation

Sedimentation trials were performed in a smaller
laboratory scale resistant heating furnace. 50 g of
primary aluminum, 13 g of an AIMg alloy (to generate
more oxides), and 2 g of aluminum foil (to generate

Gas lance

Shield with'a”_
viewing port

Off-gas for
analysis

Induction coil ¢

§ *— Casting mold
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Table I. Experimental Parameters for the Gas Purging Experiments

# Gas Composition Temperature (°C) Sampling Off-Gas Analysis
1 Set 1 Pure Ar 700 after solidication CO, O,

2 Pure Ar 700 CO, O,

3 H,O 2 pct in Ar 700 —

4 H»0 2 pct in Ar 700 —

5 0, 10 pct in Ar 700 CO, O,

6 0, 10 pct in Ar 700 CO, O,

7 CO, 10 pct in Ar 700 CO, CO,, O,
8 CO; 10 pct in Ar 800 CO, CO,, O,
9 Set 2 Pure Ar 700 with a syringe from the melt CO, CH,4

10 Pure Ar 700 CO, CH4

11 Pure Ar 700 CO, CHy4

12 H,O 1 pct in Ar 700 CO, CHy4

13 H,O 1 pct in Ar 700 CO, CH4

14 H,O 2 pct in Ar 700 CO, CH,4

15 H,O0 2 pct in Ar 700 CO, CH,4

16 H,0 2.5 pct in Ar 700 CO, CH4

17 H,O0 2.5 pct in Ar 700 CO, CHy4

Fig. 3—Experimental setup for studying particle behavior during flotation.

Argon for purging

Al melt

Filter for
bubbling

Table II.

Carbon rod

Crucible

Experimental Parameters for the Carbide Behavior During Gas Purging

Materials (gr)

Melt Temperature When Gas Purging Started

0

Solidification Time

Glas Flow Rate
(L/min)

600 Primary Al + 25 Al Foil

662

9

746—VOLUME 52B, APRIL 2021

METALLURGICAL AND MATERIALS TRANSACTIONS B



Furnace chamber

Heating elements
Graphite rod

Aluminum foil

Solid AVAIMg

Graphite crucible
Ceramic crucible

Fig. 4—Experimental setup for studying particle behavior during sedimentation.

alumina films) were melted in a graphite crucible. A
graphite crucible was used to ensure enough aluminum
carbides for the study. The experimental setup and
parameters are shown in Figure 4 and Table I1I, respec-
tively. When reaching 720 °C, the melt was held for 90
minutes for sedimentation. After being solidified, the
cylindrical solid was cut into slices from top to bottom
to observe the sedimentation behavior of inclusions.

III. RESULTS
A. Change in Al,C; Concentration During Gas Blowing

The first set of experiments tested the influence of
different gas mixtures on the removal of aluminum
carbide. In the first set of experiments, sampling was
performed by cutting an edge of the solidified material
representative for each trial and the results can be used
to compare the effect of different gas mixtures. However,
the results may be affected by an uneven distribution of
particles through the melt during solidification. Hence,
in the second set of experiments, sampling of the metal
post-gas blowing was carried out using a syringe before
solidification, as a comparison.

Figure 5 presents the aluminum carbide content in the
melt and the dross after 30 minutes of purging with the
different gas mixtures. Although the gas composition
and the melt temperature affected the final Al4Cs
concentration in the melt, all results lie below the results
reported in the literature. Purging using Ar and Ar-O,
gas mixtures showed similar results with final carbide
concentrations around 1.5 £ 0.3 ppm in the melt and 33
+ 6 ppm in the dross while Ar-H,O displayed lower
concentrations in the melt, of 1.1 £ 0 ppm carbide and
70 £ 45 ppm in the dross. Flotation with Ar-CO, at 700
°C showed slightly higher carbide content (2.1 ppm)
than all other gas mixtures and was repeated at 800 °C
in order to study the possible effect of the Boudouard
reaction (Eq. [4]) in removal of dissolved carbon in a
C-saturated melt. This trial showed almost four times
higher carbide content in the sample (7 ppm) and double
the amount of CO in the off-gas, indicating that the
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predominant reaction is a carbide-forming reaction with
aluminum oxide and CO as reaction products (Eq. [5]).
The aluminum carbide concentrations detected in the
dross were 1000 and 3000 £+ 0 ppm at 700 °C and 800
°C, respectively.

CO; 4+ C = 2CO AGygpec = 259 J, AGgpoec
= —17.2kJ [4]

1/9ALCs(s) + COs(g) = 2/9AL0s(s)
+4/3CO(g), AGrpo:c
— 1535 k) 5]

Figure 6 shows the CO, CO,, and O, concentration in
the off-gas during the first set of purging trials. No
off-gas data were measured during the trial with Ar-H,O
due to measurement of the moisture content in the inlet
gas instead. A sudden peak of CO was observed in all
experiments in the first seconds after gas purging
started. During purging with Ar, the CO peak appeared
twice during flotation and the decrease in concentration
was not as fast as it was during flotation with Ar-O,.
The CO concentration in the off-gas during purging with
the Ar-CO, mixture was significantly higher than that
using Ar and Ar-O,, and it remained constant at
approximately 300 ppm at 700 °C and 650 ppm at 800
°C due to the continuous conversion of CO, to CO.

In the second set of experiments, O, and CO,_con-
taining gases were not utilized due to high dross and
carbide formation, respectively. Additional trials were
performed with Ar and Ar-H»O to study their effects on
the removal of carbides in more detail. All samples were
taken by a syringe after flotation to ensure that the
carbide concentration was representative for the entire
melt.

Figure 7 presents the Al;C; concentration of the
samples taken after 30 minutes of gas purging. Purging
with Ar achieved reduction of the carbide concentration
down to 2.2 ppm (in av. 4.3 £ 2.1) while purging with
Ar-H»O reduce it down to 1.8 ppm (in av. 2.6 £ 0.9) at
700 °C. The trials with different H,O content in the gas
(1, 2, or 2.5 pct) did not show a significant difference
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Table III. Experimental Parameters for the Carbide Behavior During Sedimentation
Materials Melt Temperature (°C) Holding Time (min)
50 gr Primary Al + 13 gr AlMg + 2 gr Al Foil 720 90
16
mm Al4C3 inthe melt ~ ——measured by Dorward and Redseth et al. o Al4C3 in the dross 10000
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Fig. 5—Concentration of aluminum carbide in the melt and dross (in log scale) after flotation for 30 min with different gas mixtures (Setl,

sampled from solid material).
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Fig. 6—O0ff-gas concentration of CO, O,, and CO, during flotation with (@) Argon at 700 °C, (b) Argon-10 pct O, at 700 °C, (¢) Argon-10 pct
CO, at 700 °C, (d) Argon-10 pct CO, at 800 °C, measured by TESTO flue gas analyzer.
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Fig. 7—Concentration of aluminum carbide after flotation for 30 min with pure argon and 1, 2, and 2.5 pct H,O in argon (Set2).
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Fig. 8—CO and CH, formation during flotation with Argon-H,O mix measured by FTIR.

between trials; however, most of the measured data lie
below the measured saturatlon concentrations by
Rodseth et al®! and Dorward!®

Figures 8 and 9 show the CO and CH4 concentration
measured in the off-gas during purging. A sudden
increase in both gas concentrations was observed right
after starting the bubbling, similarly to what was
previously observed in the measurements of the first
set.
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B. Behavior of Inclusions During Flotation

Samples with trapped gas bubbles, achieved by rapid
solidification of the samples generated using the exper-
imental setup 2, were cut and analyzed in the SEM.
Figure 10 presents the particles captured by such
bubbles. The bubble size was measured between 0.2
and 0.5 mm and inclusions on the bubbles were in the
range of 20-50 um. It is likely that these particles are
aluminum oxide particles since they are larger than
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Fig. 9—CO and CH, formation during flotation with Argon measured by FTIR.
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Fig. 10—Inclusions attached to bubbles during flotation in an aluminum melt.

typical aluminum carbide particles. Higher magnifica- After solidification, dross samples were prepared and
tion and EDS analysis were not possible to perform analyzed by SEM. Figure 11 shows a SEM image of the
since the samples could not be polished sufficiently due dross after flotation. Inclusions found in the samples
to very porous and uneven structure. were in the typical size range of aluminum carbide
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Fig. 11—(a) Al4C; particles entrapped by the dross during flotation, (b) EDS graph of detected particles in the dross.
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Fig. 12—(a) SEM image of inclusions settled to the bottom of the melt, (b) settled Al4C; particles captured by the surface of the oxide films.

particles and Al-C peaks were detected by the EDS C. Behavior of Al,C3 During Sedimentation
analysis, indicating that the particles are aluminum
carbide inclusions removed from the melt by floating
bubbles.

Cross sections of the samples after the sedimentation
experiments were prepared and studied in the SEM to
investigate particle/film accumulation due to settling.
The total height of the solid sample was 50 mm and the
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Fig. 13—Thermodynamic calculations of a C-saturated aluminum smelt, with the addition of H,O on the x-axis at 700 °C. FactSage 7.3 (a)

composition of solid phases, (b) composition of gaseous phases.

sediment was found in the bottom part of the crucible as
a 700 um thick area that corresponded to 1.4 pct of the
total melt height. This part of the material contained a
high number of thin and thick alumina films, as well as
carbide particles. In the upper part of the sample,
virtually no inclusions were found.

Figure 12(a) shows a picture from the region where
the inclusions settled during sedimentation. This area
contains settled alumina films with numerous captured
particles. Multiple Al-O peaks and AI-C peaks were
detected by the EDS analysis of films and particles,
respectively. Al4C; particles with a size below 5 um were
found attached on the both sides of thin and thick Al,O3
films (Figure 12(b)).

IV. DISCUSSION

Purging of carbide-containing aluminum melts with
different gas mixtures results in different final carbide
concentrations. Besides the particle flotation effect of the
gas, it was observed that the Ar-CO, mix generates new
carbides and thus significantly increases the concentra-
tion of Al4C; particles in the dross by CO,-induced
oxidation of the Al metal, according to reaction [5]. A
variation of Eq. [6] is the simultaneous generation of
Al4C;, Al,O3, and CO through reaction between Al and
CO,. An accumulation of carbides up to 3000 ppm was
measured in the dross after flotation with Ar-CO,, while
a maximum of 100 ppm was observed for the other gas
mixtures.

8A1(l) + 3C02(g) = A14C3(S) + 2A1,03AG70ec
— 5746 k) (6]

CO and CH4 peaks were observed in the early stages
of gas purging for all trials, and the sudden peaks
appearing in the start of the trials can be attributed to
the direct oxidation of carbides. This oxidation might
originate from two mechanisms:

1. The Al4C5 particles are oxidized in the melt by the
flotation gas (reactive) mixtures
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2. Al4C; particles, attached to crucible walls or under-
neath the oxide layer due to poor wetting, are carried
to the melt surface by the gas (reactive or noble) and
oxidized by the air above the melt surface/the purge
gas mixture. The additional effect of gas bubbles
breaking the oxide film, with subsequent exposure/
detachment of carbides, enhances the oxidation effect.

The overall oxidation of particles may theoretically
occur through reactions (6 through 8) with a subsequent
formation of CO and/or CH,4 depending on the com-
position of the purging gas. Purging with only Ar may
have the oxidation effect through reaction [8] due to very
low oxygen content in the gas. The oxidation will occur
through reactions [5], [8], and [7] through [8] while
purging with Ar-CO», and Ar-H»O, respectively.

1/6A14C3(S) + HQO(g) = 1/3A1203<S)
+ 1/2CHay(g), AGrop:c
= —2258 kJ [7]

2/9A14C5(s) + Os(g) = 4/9A1,04(s)
+ 2/3C0(g)7 AG7000C
— 702.8 kJ 8]

Most of the trials show a lower final concentration of
aluminum carbides after purging with Ar-H,O gas
compared to other gas mixture. The clear CH, release
must be due to the carbide oxidation via H>O since here
is no other C source in the system.

A. Carbide Oxidation by H>0

Thermodynamic calculations were performed to study
the mechanism behind the oxidation of carbide particles
via H->O, using FactSage 7.3 thermochemical soft-
ware.'!! Descriptions of oxide solutions were taken
from the FToxide database, liquid aluminum (liquid)
from the FTlite database, and carbides and oxycarbides
from the FTOXxCN database. Thermodynamic proper-
ties of pure gas and solid species were taken from the

METALLURGICAL AND MATERIALS TRANSACTIONS B
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Fig. 14—Thermodynamic calculations where Al,O3, on the x-axis, is
added to a C-saturated aluminum melt at 700 °C. FactSage 7.3.

FactPS database. Gaseous H,O was added to a C-sat-
urated pure liquid aluminum at 700 °C, as shown in
Figure 13. The open calculations predict that Al,Cs(s)
oxidizes in reaction with H,O(g) in the bubble and form
Al404C(s) simultaneously with Al(l) oxidation, forming
Al,O5 while H,(g) and CHy(g) are released (reactions 7,
9, 10):

A]4C3(S)+ 4H20(g) = A]404C(S)
+ 2CHa(g), AGropoc
= —-920.5kJ [9]

2Al(1) + 3H20(g) = A1203(S) + 3H2(g), AGro0eC
= —787.8 kJ

[10]

A subsequent reaction between oxide formed on the
bubble surface and carbides in the melt, forming
oxycarbide, as expressed by reaction [11] may take place
(Figure 14). The Gibbs energy of formation of Al4Cs is
— 159 kJ at 727 °Cl'>"3) while it is — 1893.4 kJ for
Al,04C at 700 °C. This comparison of the Gibbs free
energy values shows that the oxycarbide formation is
thermodynamically feasible; however, it is kinetically
less likely since both phases are in solid form.

4A1203(S) + A14C3(S) = 3A1404C(S), AG7()0<JC
= —1893.4kJ [11]

The carbide oxidation on the melt surface does not
occur to the same extent in all cases due to the formation
of a surface oxide layer. This was observed by either a
sudden or gradual decrease in CH4 and CO peaks
during gas purging, depending on the formation of an
oxide layer on top of the melt. A thick oxide layer might
act as an isolative layer during the initial stages of
purging, which can capture particles and hinder further
oxidation as opposed to a thin oxide layer with
disturbance or splashing, which may let particles oxidize
immediately when reaching the melt surface.
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B. Measured Carbide Concentration in Al
for H>O-Containing Gas Purging

The removal via oxidation, discussed above, does not
explain the reason why the measured final carbide
concentration after gas purging with H,O-containing
gases is below the values corresponding to the carbon
solubility limit measured by Redseth er all! and
Dorward.[¥ If we accept these data as correct, two
mechanism may explain a lower Al4C; content than that
expected:

1. Precipitation of dissolved C through local cooling on
the bubble surface:

The bubbles enter the melt at room temperature
and promote local carbide precipitation on the colder
surface rather than in the melt, due to the local
change in C solubility. Local cooling might help to
remove dissolved carbon as carbide and formation of
hydroxides and oxycarbides might promote attach-
ment of particles to the bubble surface which will lead
to better removal rates. Precipitated carbides due to
local cooling may dissolve back as Al and C, but this
dissolution is controlled by the kinetics mainly af-
fected by the surface area of the carbide particle and
retention time in the melt during flotation and may
hence not occur during the short residence time of the
bubble-attached precipitate.' On the other hand,
the exothermic formation of alumina on the bubble
surface may decrease the duration needed for the
bubble to reach the equilibrium temperature.

2. Removal of the excess C precipitated as Al,Cs by
magnetic stirring and floating bubbles:

The removal rates reported from the current work,
as oFs?osed to the values determined by Redseth
et al.® and Dorward,” may be due to the removal of
entrapped carbides, on crucible walls or underneath
the oxide layer, with the stirring effect of the gas
purging rather than performing measurements in a
melt without any disturbance. The remaining car-
bides in the melt at any temperature may affect the
measured Al;C; concentration which is the sum of
the suspended carbides in the melt (Cpyc3) and the
carbides precipitated due to dissolved carbon (Cc)!":

C= Caucz +4-Cc [12]

C. Alternative Data on the Solubility of Carbon

in Aluminum (in Contrast with the Data Reported
by Rodseth et al.’>’ and Dorward 1%/)

Oden and McCune measured the aluminum carbide
concentration due to precipitation of dissolved carbon
which is in agreement with the data reported by
Simensen.[”! The solubility of carbon (by weight) was
as follows:

Cc = 1511 - exp(—23797/T) 13]

The measurements were performed at high tempera-
ture as mentioned in Figure 1 but the solubility data at
low temperatures can be obtained by extending the
trend down to 700 °C. According to the extended data,
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the carbon solubility is approximately 0.15 ppm which
corresponds to ~ 0.6 ppm of aluminum carbide at 700
°C. If these data are considered as correct, it means we
still have unremoved aluminum carbide particles in
addition to dissolved carbon.

D. Benefits of Gas Purging for Carbide Removal

Aluminum carbide particles can be easily removed by
flotation since they are small and have a similar density
to the aluminum melt. The density of aluminum carbide
particles is 2360 kg/m’® and the density of a pure
aluminum melt varies between 2391 kg/m? and 2356 kg/
m® at typical melt treatment temperatures between 660
°C and 775 °C, respectively. The settling velocities
according to Stokes drag law lay between — 0.00004 and
0.0003 mm/s for particles with the diameter of 5 um. It
was reported by Sztur ez all'"”) that the maximum melt
velocity is up to 3 mmy/s in laboratory furnaces and up to
15 mm/s in industrial furnaces due to natural convec-
tion. These values are considerably higher than the
relative velocities of aluminum carbide particles which
will be easily dragged by the melt and hinder the
sedimentation process.

The settling behavior of carbides agglomerated on
alumina films is, however, different from that of single
particles. Attached carbides on films might act as a
carbon source in the melt which hinders the reduction in
carbide concentration during remelting by back dissolv-
ing as carbon. This rises the importance of flotation with
a special focus on inclusion removal (agglomerated films
and carbides) as well as final melt temperature before
casting as mentioned in the previous study on the
remelting effect on the carbide concentration.!"® With
this method, carbide particles can be entrapped by the
dross and skimmed off. Even if the dross does not
capture the particles, carbides may oxidize on the
surface which will avoid them behaving as a carbon
source due to a stable aluminum oxide shell around the
particle.

V. CONCLUSIONS

Behavior of aluminum carbide particles during flota-
tion with different gas mixtures and interaction with
oxide films during sedimentation was studied. The
following conclusions can be drawn from the results:

e Oxidation of aluminum carbides with O, or
H,O-containing gases occurs on the bubble and/or
melt surface during gas purging/flotation with a
subsequent formation of CO and CHy4

e H,O-containing bubbles lead to Al,O3 formation on
the bubble. Oxide and/or oxycarbide formation in the
interface might promote attachment of particles on
the bubbles and increase the removal efficiency.

e A strong clustering tendency between aluminum car-
bide particles and oxide films was observed. The
attachment of particles on films promoted the re-
moval of carbides via sedimentation on the oxide film.
The carbide particles settled with films do not repre-
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sent the dissolved carbon concentration which will
precipitate during solidification.
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