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ABSTRACT

In thiswork cenospheres, zeolite, silica or mixtures of them were injected
into amolten aluminum alloy using argon asacarrier gasin order to measure
their efficiency as Mg removers. The Mg content of the molten alloy was
measured during theinjection period and the produced dross was weighted
for each experiment. The physicochemical characterization and the use of
the thermodynamic software FactSage version 6.2, allowed the
determination of the reaction mechanism between the powders and the
molten aluminum. Cenospheres demonstrated their capacity as Mg
removers with an efficiency similar to silica but lower than that
corresponding to zeolite and zeolite:silicamixtures. Theuse of azeolite:silica
mixture (65:35wt%) produced the best results, removing the magnesium of
thealoy fromaninitial content of 1wt% to afinal content of 0.0072wt%.
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INTRODUCTION

Varioustechniquesare used for the Mg removal
fromtheAl-Si A380alloy for automotive use (which
requiresamaximum of 0.1wt% of Mg). Someof these
techniquesare chlorination, electrochemical methods
and theincorporation of powder reagents (fluorides)™
4. However, these methods have some disadvantages.
TheMgremovad from auminum aloy mdtsperformed
by chlorineinjectionisthemost common method used
indugtridly. Althoughthekineticsof themagnesumre-
moval asMgCl, israpid™, theun-reacted chlorineand
the co-product gaseousAlCl. limit the environmental
acceptability of the process. Despite no these kinds of
productsareformed by e ectrochemical methods, this

processis not used due to the high electricity costs.
Taking into account the mentioned above, the second-
ary aluminum industry hasbeen focused on the devel -
opment of processesthat overcomethementioned limi-
tations. One optionisrepresented by the use of puri-
fied silica-based powders because of the generated
productsinthetreatment are not pollutants. Reportson
literatureesteblishtheeffect of SO, ontheMgremoval™
7, whichisperformed according to thefollowing reac-
tion (1)@

Mg, +2Aly + 2SI0 5y = MOAI L0 4 ging) + 25 (g

AG® =-377.09kJ @

However, silicarequiressupplementary processesfor
itsconcentration resultingin additiona costs. Addition-
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aly, thekineticsof theMgremova usingslicaisrela
tively dow.

Recent studies® 8 have demonstrated thefeasibil-
ity of Mgremova from aluminum moltendloysby in-
jecting zeolite (containing more than S0wt% of SO,)
andsilicausinganinert carrier gas. Therelative abun-
dance of zeolite ores and silicasand deposits makes
their usefeasbleto remove Mg fromthistypeof aloys
at avery attractive cost of treatment.

Inorder to search for new materia sthat potentially
combinehigher productivity with environmenta accept-
ability, cenospheresfrom landfill of coal-fired power
weretested. Themain characteristicsof the cenospheres
aretheir morphology (spherical hollow particlesof an
average diameter of 45 um) and high content of SiO,
(55-61wt%)!9. The considerably high reaction surface
and the acceptable S O, content make the cenospheres
andtractive candidatefor theMgremova frommolten
duminumdloys.

Theam of thiswork isthe study of the capacity of
cenospheresasMgremoversfromauminumaloy mdts.
Thiscapacity will beevauated by comparison with that
of zeolite, silica, zeolite:silica mixtures and
zeolite:cenospheresmixtures.

EXPERIMENTAL PROCEDURE

Raw materialscharacterization

The mineral zeolite and silica were separately
crushedinaball mill and classified obtaining, in both
cases, powderswith an average particlesize smaller
than 150pum. The cenospheresweresieved using a-
325 ASTM mesh. Samples of the minerals and
cenophereswereandyzed by X-ray diffraction (XRD),
energy dispersive spectroscopy (EDS) and scanning
€electron microscopy (SEM). Inaddition, thechemica
composition of the mineral swas determined by atomic
absorption spectroscopy, inductively coupled plasma
atomi ¢ emission spectroscopy and gravimetric method.
The selected aloy wasthe A332 aluminum base aloy
(Al-11.64Si-0.338Fe-2.05Cu-1.00Mg-1.54Ni). Ultra
high purity argon wasused asacarrier gas.

Mgremoval by injection

Aninductionédectricfurnace, equipped withasili-
con carbide crucibleof 12kg of capacity and tempera
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ture control, wasused to treat thealloy. Aninjection
equi pment with devicesto measure and control the gas
and powder flowswas used. Theinjection lancewas
made of graphiteand covered externaly with refrac-
tory material. Theinternal diameter of thelancewas
6.98mm. The selected parameters used for the sub-
merged powder injection experimentswere: argon flow
of 4.4L/min, powder flow of 16.2g/min, massof aumi-
num alloy of 8kg and aluminum alloy treatment tem-
perature of 750°C. The lance was submerged at the
85% of the depth of themelt. Thevariableintheex-
periments was the composition of the powdersto be
injected. Thefollowing powdersweretested: Puremin-
erd zeolite, pure cenospheres, puresilica, two mixtures
of zeolite:cenospheres (70:30 and 50:50wt%) and two
mixturesof zeolite:silica(20:80 and 65:35wt%). The
mass of the powdersto beinjected was cd cul ated con-
sidering the SIO, asthe solid reagent and spinel and
silicon asproducts according to the chemical reaction
(2). For each experiment, samples of the melt were
obtained every 10min and the produced dross was
collected at the end of the experiment. Thesolidified
sampleswereandyzed by spark atomic emisson spec-
trometry to determinether chemica compositionsand
asampleof thedrosswasanalyzed by XRD.

RESULTSAND DISCUSSION

Raw materials

Figure1 showsthe XRD patternsof minerd zeolite,
cenospheresandsilica. Asit canbeseeninFigure 1(a),
theselected zeolitewasidentified asNg, . ,Ca, (Al .,
S50, (H,0),, Ahedereite) According to Figure 1(b),
cenospheres are composed mainly of SO, ., and
AI4.SZS 1.4809.74(mullite)' bUt CaCO3(caIcite) |Sa|SO prese’]t It
isnoticeablethat the XRD pattern showsan amorphous
hal 0 between 20 and 30° due to the presence of amor-
phousmaterid. The XRD pattern of silica, Figure 1(c),
showsonly the presenceof Si Oz(qm).

Figure 2 shows SEM images of cenospheres, zeo-
liteand sllicaand their corresponding EDS spectra. As
shown in Figure 2(a), cenospheres are spherical par-
ticlesand their chemical nature, andyzed by EDS, ap-
proachestothat of thea uminum-glicatecompoundwith

traces of impurities Al Si,O,, (Na,, Mg, .S,
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Ko2Ca,,Ti,,FE, ) Ontheother hand, zeoliteparticles by EDS, correspondsto atypica complex stoichiom-
show avariety of irregular morphologiesand sizes.  etry of zeolitic minerals ((Fe,,,Ca, 1) KAl S,
Theseparticleshaveavery highsurfaceared” (Figure  O,(Na, Mg, ,,Ti, .,))- As observed in Figure 2(c),
2(b). Thechemica natureof theseparticles, determined  sllicaparticlesshow irregular morphology.

Q=Quartz=Si0;

Q
2 T g %20 qq° )

Q Q=Quartz=5i0;
M=Mullite= Al 5351 450974
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Figurel: XRD patternsof thepowder sused toremove M g. a) Zeolite, b) Cenospheresand c) Silica.
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Figure2: SEM imagesof materialsbeforeinjection intothemolten alloy: a) Cenospheres, b) Zeoliteand c) Silica.
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Mg remova testswere performed, asoutlined ear-
lier, usng zeolite, cenospheres, slica, slicazeolitemix-
tures (35:65wt% and 80:20wt%), and
cenospheres:zeolite mixtures (30:70wt% and
50:50wt%). Figure 3 showsthe variation of the Mg
content intheauminum aloy asafunction of theinjec-
tiontimefor thedifferent experiments.

—®— 70Zeolite:30Cenc
—o— 65Zeolite:355i07
—w— 20Zeolite:808i0~
—— S0Zeolite: S0Cenc
—=— Zeolite
—0— Si0g
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Figure3: Mgcontent inthealloy asafunction of theinjec-
tion timefor theperfor med experiments.

TABLE 1: Efficiency of Mg removal and metal lossesfor
each experiment (M g,isthefinal M g content of thealloy, nis
theM gremoval efficiency and m arethemetal |0sses).

Sample Mgi(Wt%) n(%) m(%wt)
Zeolite 0.028 97.2 16.25
Silica 0.208 79.2 16.78
Cenospheres 0.220 78 18.81
70Zeolite:30Cenospheres 0.140 86 15.52
50Zedlite:50Cenospheres 0.190 81 18.36
65Zeolite:35Silica 0.007 99.3 10.93
20Zeolite:80Silica 0.031 97 11.75

Asit can be observed in Figure 3, the best results
wereobtained usingthemixture 65Zeolite:35S O, (find
Mg content of 0.0072wt%b), zeolite (find Mg content of
0.028wt%) and the mixture 20Zeolite:80S O, (find Mg
content of 0.0300wt%). TABLE 1 showstheefficiency
of Mgremova (n) and metd losses(m) for each experi-
ment. It wasfurther observed that by using mixtures of
slicaand zeolite, asmaller amount of slagwasgener-
ated, forming highly stableoxidessuchasMgAl
M gc)(peri clase)’ A l 203(corundum) md M gZS O4(forsterite) I n Eddl -
tionto SO, and CaAl,S.0,, H,O ;. o The
main reection products, identifiedinthedagusing XRD
anaysis, canbeobservedinTABLE 2.

2O4($ind) !

TABLE 2: Reaction productsdetected in theslag by using
XRD analysis(Z iszeolite, Sissilicaand C arecenospheres).

Composicién of the injected powder
70:30 50:50 65:35 20:80

Reaction product Z S C 7:C 7:C 7S 7S
Al XXX X X X X
S XXX X X X X
SO, quartz XX X X X X
AIN X
MgO periclase XX X X X X
MgAIl,O, spinel X X X X X X
KCl slvite X
Mgx(SiO,) forsterite X X X
Cag 165136072(H20) 1.8 X X X
Clinoptilolite
CaAl,Si;045.6H,0
heulandite XX X

Asobservedin Figure 3, the use of zeolite, alone
or in mixtures, leadsto improvetheMgremova pro-
cesses. Thisbehavior can beexplaned considering the
followingthreezeolitecharacteridtics: i) zeoliteisan hy-
drated compound (the percentage of water in the zeo-
liteused was 12 wt%) and, on the effect of the molten
alloy temperature, water in the zeoliteis evaporated
and the particle is fragmented by the water
vaporexpans oninsdethezeolite channdls, increasing
thereaction surface® Y, ii) water isastrong oxidizing
agent that contributesto theelimination of Mgi® and,
ii1) thestirring conditionsinto themolten aloy created
by themagneticinduction forcesof thefurnace and the
carrier gasflow, contributeto the comminution of the
particlesdueto the presence of Carlsbad twinsinthe
zeolite. The Carlshad twinshaveatabular habit parale
tothe (010) plane, typically present in brittle materi-
al g%, These zeolite characteristics produceitsfrag-
mentationing dethemolten bathresultinginfind zeolite
sizessmaller than 80um. Figure4 (a) showsan SEM
image of azeolite particle beforeinjection (approxi-
mate size of 130um) and Figure4 (b) showsan SEM
Image of asemi-reacted zeolite particle obtained after
10 min of injection (gpproximate sizeof 50um).

Figure5 (a) showsan SEM imageof aslicapatice
beforeitsinjectioninto themolten aloy (approximate
sizeof 140um) and Figure5 (b) showsan SEM image
of semi-reacted silicaparticlesobtained after 80 min of
injection (sizesranging from 5to 300um). In each par-
ticleit ispossibleto observe (Figure 5 (b), alayer of
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reaction productssurroundingan unrescted Slicanudeus
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Figure 6 (a) shows an SEM image of agroup of

Theformation of thislayer around thedlicaexplainsthe  cenospheresbeforethalr injectionintothemoltenaloy

relatively low rateof Mgremova whendlicaisused.

Figure4: a) SEM iageof azeoliteparticlebeforeinjection,
b) SEM image of a semi-reacted zeolite particle.
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Figure5: a) SEM imageofasiliparticlebeforeinjection,
b) SEM image of a semi-reacted silica particle.
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(sizesrangingfrom5to 100um) and Figure 6 (b) shows
an SEM image of the cross-section of asemi-reacted
cenosphere obtained after 20min of injection. Itispos-
sbletoobserve, ingdeof thissemi-reacted cenosphere,
reaction products and a smaller cenosphere.
Cenospherespresent asmilar behavior thanslica, form-
ing alayer of reaction productsaround them. Asit can
be observed in Figure 3, the cenospheres and the
cenospheres:zeolite mixtures (30:70wt% and
50:50wWt%) present thelower efficiency asMg remov-
ers. Thisunexpected result could be explained taking
into account two factors: i) cenospheres are hollow
spheresand their density rangesfrom 0.4t0 0.8 g/cm?,
which givesthem ahigh buoyancy. Thischaracteristic
reducesthetimethat the cenospheresremaininthezone
of permanent contact (insdeof themoltenaloy), where
thereaction occursmoreefficiently, ii) dueto their very
small sizes, cenospheres havethetendency to attract
themsalvesand to form agglomerates, reducing Signifi-
cantly thereaction surface.

-
¥
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Figure6: a) SEM imageof cenospher esbefor einjection, b)
SEM image of a semi-reacted cenosphere.

Accordingtotheresults presented in Figure 3, the
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behavior of pure cenospheresasMg remover isvery
similar tothat of pureminera silica, despiteitslower
SO, content and itslower density (0.4-0.8vs. 2.65¢/
cm?). However, the behavior of the mixtures of
cenospheres.zeolitaand silica zeoliteisquite different
because silicaenhancesthe performance of zeoliteas
Mg remover while cenospheresworsenit. Thisnega
tive effect of cenospheres when they are mixed with
zeolite may be explained by thefact that cenospheres
partialy coat the zeolite surfaceinto themolten aloy.
Cenospheresarelight and insulative, dragging quickly
the zeolite particlesto the bath surfacewhich leadsto
thedecrease of thereaction timeand preventstheir ef-
fectivehesting.

CONCLUSIONS

Cenospheresdemonstrated their capacity asMg
removerswith an efficiency smilar tosilicabut lower
than those corresponding to zeoliteand zeolite sillicamix-
tures. Theuse of amixtureof zeolite:glica(65:35wt%)
produced the best results, removing themagnesium of
thedloy fromaninitial content of 1wt%to afinal con-
tent of 0.0072wt%. Furthermore, the use of thismix-
turereducesthe amount of generated dag, decreasing
themetal |ossesby oxidation.
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