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ABSTRACT

Samplesof Al drosscollected from three different al uminum foundrieswere
processed and characterized. A mixture of the three processed dross con-
tainsmainly Al,O,,Al, SO,, MgAI,O, and AIN. Thisdross mixture was used
asraw material to obtain high-grade ceramics composites such as SIAION
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and mullite-zirconia. X-ray diffraction and el ectron microscopy analysis of
the products obtained showed that SIAION and mullite-zirconia compos-

iteswereformed.

INTRODUCTION

Aluminum drossisgenerated during recycling of
auminum scrap. Al drosscontainsmainly AlLO,, AN,
SO,, MgO and significant amountsof Al, S, Fe, KCl,
NaCl and CaCO,!*3. Based on the chemical compo-
sition of dross, two types arerecognized; whitedross
that containsmainly from 15to 30 wt. % metallicalu-
minum and from 30 to 80 wt. % of aluminaTheblack
drossisproduced mainly in reverberatory furnaces; its
black appearanceisacquired dueto akaline saltsad-
dition. Black dross may contain from 7 to 35 wt. %
metal lic auminum, and from 30 to 50wt. % aumind?.

Drossprocessing proceduresrecover metallic au-
minum that istrapped during the skimming process.
Drosstrestmentisimportant for reduction of landfills; it
avoidsnegativeimpactsto environment. For duminum
recovering, severa processeshave been developed such
asthe Salt-Cake, Press Ecocent, Altek, Alcan, Ltee/
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Hydro, Alurec and Drostite processes®. Also, alumi-
num dross hasbeen used for theel aboration high grade
ceramicssuchasspine-rich (MgAlLO,) refractories®
and SIAION ceramicd™. In these papers, dross was
obtained from one source only, and no detailed expli-
cation about of thedrosstreatment wasgivens”. More-
over, ageneral method for thetreatment of avariety of
drosses has not been commercially avail able because
dross composition changesfor each foundry. In this
work, asimpletreatment process of aluminum dross
was used in order to separate NaCl, KCI, CaCO, and
Feimpurities. Subsequently, it was showed that puri-
fied Al drosscan be an adequate precursor for thesyn-
thesisof high-grade ceramic materias.

EXPERIMENTAL PROCEDURE

Drossprocessingand characterization
Drosssamplesfromthreedifferent foundrieswere
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collected, following thestandard ASTM D346-90 pro-
cedure. Theselected foundriesarelocated in Sdltillo,
Coahuila, Mexico; where the secondary aluminum
foundry isacommon practice. The samplesof dross
wereidentified with the prefixesA, B and C.

Thedrosssampleswere processed asfollows: Each
samplewastriturated in ajaw crusher to obtain alumi-
num particlesof ~3.81 cm. After this, ironwasremoved
by magnetic separation. Then, the sampleswere sub-
jectedtodry ball milling for 40 min. Materid swith par-
tidedzehigherthan 1cm (+12meshASTM) was sepa
rated by sieving. Subsequently, the samplesweretreated
separately asfollow: 1kg of drosswasmilled for 180
mininabar mill. Again, iron particleswereremoved by
magneti ¢ separation. Thesamplesobtained after com-
pleting themillingtimeweresieved usnga-150 mesh
ASTM and analyzed by X-ray diffraction (XRD).
Samplesof materia +150 and -150 mesh weremounted
inresin, polished, and cleaned ultrasonicaly. Samples
were gold coated and characterized by scanning elec-
tron microscopy (SEM) and energy dispersive X-ray
(EDX) microandysis. Additiondly, thedraosschemica
composition was determined by atomic adsorption
spectrometry (AAS) using acidsto dissolvethedross.

Samplesof dross (-150 meshASTM) werewashed
indistilled water at 100°C for 2 hin order to remove
NaCl and KCI salts. Due to the presence of calcite
(CaCO0,), dross sampleswerewashed for 30 minina
1:1 solution of acetic acid in distilled water at 80 °C.
After washing, the samplesweredried at 100 °C for
12 hand characterized by XRD and AAS. After dl the
sample processing and characterization, samplesA, B
and Cweremixedinal:1:1ratio and homogenizedfor
12 hwith acetone at room temperature; thisblendis
identified asdrossmixture (DM).

Preparation of ceramics

The ceramic materialssynthesized were SIAION
and mullite-zirconiacomposite. During the character-
ization, it wasfound that the drosssamples containAll,
AIN andAlO,; however, itisdifficult to establish the
amount of availablealuminato produce SAION and
mullite-zirconiacomposites. To known precisely the
aluminacontent in drossisvery important becauseitis
akey precursor for preparation of SAION and mullite.

For amore preci se determination of alumina, thefol-
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lowing processwasrealized. A sample of each dross
wasuniaxidly pressed at 200 MPaand sintered at 1450
°C for 4h. The amount of phases was calculated by
guantitative XRD analysisusing the Rietveld method.
Thisandysiswasused to estimatetheamount of avail-
ablealumina. Thefinal composition of DM was ob-
tained by adding theindividua composition of thethree
drosssamples.

For the preparation of SIAION, a mixture DM,
silicaand graphite was prepared according to thefol-
lowing reaction, whichAG® ... =-112.53kJ.
3SI0,,+ 15A1,0, + 7.5C + 25N, =

29 239 A9

Si,AILON, +7.5CO D
WheretheAl O, source was DM. In order to adjust
the stoichiometry of thereaction, extrasilicawas ob-
tained fromageotherma waste. Thereaction was car-
ried out under thefollowing conditions. the precursors
were homogenized in plasticjarswith acetoneand dried
at 80 °C for 12 h. After that, the mixture was com-
pacted under uniaxia pressing at 20 MPaand synthe-
sizedinatight closed tubular furnaceat 1450°C, dur-
ing thereaction acontinuousflow of 1 L/minof N, was
maintained for 5 h. The synthesized sampleswere char-
acterized by XRD and SEM.

For the synthesisof mullite-zirconiacomposites, a
mixtureof DM and ZrSiO, were prepared according
tothefollowing stoichiometricreaction, whichAG° . |
.« =-43.88kJ.
3AI,0, +2ZrSi0, =Al S0 . +2ZrO, )
WheretheAl O, sourcewasDM and ZrSiO, wasre-
activegrade. Themixturewas homogenizedinplastic
jars with acetone and then dried at 80 °C for 12 h.
Subsequently, the dryed powder was compacted un-
der uniaxia pressing at 100 MPaand sintered at 1500
°C for 6 h. The synthesized ceramics were character-
ized by XRD, SEM and EDX.

RESULTSAND DISCUSSION

Drosscharacterization

Figure 1 shows dross after different processing
steps. Figure lashowsthe drosses as received with
particlessize greater than 6 cm. Using ajar crusher, the
drossparticlesizewasreduced ~3 cm. Figure 1b shows
thedrossafter ball milling, where particleslarger than
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~1 cmwereretainingintheball mill (Figurelc). Figure
1d shows sieved drosses (-12 mesh). The sizereduc-
tion procedurefacilitates the washing processes and
iron separation. By AAS, it was found that the first
products separated from drosswereparticlesof anau-
minum-rich phase. TheAAS analysesare summarized
inTABLE 1. Themetallic materia recovered fromthe
different samples contain between 15.90 and 61.51 wt.
% of total aluminum. Itisimportant to notethat this
auminum content issuitablefor smelting®.

Figure 1: Sequence of dross sampletreatment: a) Asre-
ceived, b) Milled c) Collected aluminumin ball milling, and d)
Drosssieved to-12 mesh.

TABLE 1: Metallicaluminum recover ed from thealuminum
drosssamplesafter grinding and sieving.

Dross Al* +12 mesh** Total aluminum
sample (%) (%) recovered (%)
A 56.87 4.64 61.51
B 14.77 113 15.90
C 34.59 2.23 36.82

* Aluminum recovered within the ball mill; **Aluminum re-
tained in 12 mesh of ASTM.

TheFigure 2 showsa SEM image of drossA be-
foreand after washing process. The part (a) of thefig-
ureshowstwo kindsof particles, onesvery smal of ~1
um, and round shaped particlesgreater than ~10 um.
By EDX, it wasfound that thesmaller particlescorre-
spondto saltssuchasNaCl, KCl and CaCO,; on other
hand, greater particlesareAl richmaterids. After wash-
ing process, SEM and EDX analysisreveledthat Al-Si
particlesareimbedded in greater AlO, particles, see
Figure 2b. Theround-shaped Al-Si particlespresent a
low Si content (~4 wt. %). Similar resultswerefound
insamplesB and C.

Figure 3 showsX-ray diffraction patternsof dross
A before and after washing process. The XRD also
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reveal sthat washing processisan effective method
for the dissolution of KCI, NaCl, and CaCO,. For
samples B and C, the washing processwas al so ef-
fective. TABLE 2 showstheresults of aquantitative
XRD analysisfor thethree samples, before and after
the washing process. It shows that NaCl, KCI and
CaCO, were removed, it allows the fabrication of
ceramic products. Additionally, TABLE 2 showsthat
after washing, part of AIN transformsto bayeriteand
gibbsite through a series of chemical reactions that
generated ammonia. Thereaction (3) isarepresenta-
tion of thewashing processof AIN, which AG®,,... =-
171.73kJ:
AIN +3H,0, =AI(OH), +NH, ©)
Thenegative AG indicatesthat thereactionisfea
sible. Reaction (3) isconsistent with previous studies,
whereit was showed that the surface of AIN ishydro-
lyzed with water. Hydrolyzed products (bayerite and
gibbsite) will betransformedinto duminaduringthesin-
tering processy.

F{gurez : SEM micrographs of dross samples a) before
and b) after washing procedure.
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Figure3: X-ray diffraction pattern of adrosssample: a) as
received, b) after washing process.

TABLE 2: Phase composition of drosssamplesbeforeand
after washing.

Sour ce of dross

Element or —
Compound Asreceived HnggHVZ?:SI(;gI%!;iom
(Wt.%)
A B C A B C
Al,O; 23 19 14 40 22 18
AIN (hexagona) 23 14 30 - - 16
AIN (cubic) - - - 12 13 -
Al 5 11 8 - 12 9
Si 7 6 2 8 7 2
MgAIL, O, (spind) 12 9 10 11 16 17
SiO; (quartz) 14 22 33 11 24 38
CaCO; (calcite) 6 10 3 - - -
NaCl (halite) 4 3 - - - -
MgO (periclase) - 2 - - - -
KCI (silvite) 6 4 - - - -
Al(OH); (bayerite) - - - 8 - -
AI(OH); (gibbsite) - - - 9 6 -

TABLE 3 showsthe phasespresent after sintering
the dross samples. Thefollowing phaseswereidenti-
fiedby XRD: Al,O,, MgAI,O, and 3A1,0,.SI0,. The
concentration of each phase was quantified by the
Rietveld method. According to TABLE 3, the content
of total aluminafrommullite+ aluminaandtota silica
from mullitewerethefollowing, respectively: A (74.72
wt.% and 10.11wt.%), B (76.46wt.% and 9.80wt.%)
and C (72.63wt.% and 10.11wt.%). The content of
aluminaand silicawere used to prepare in the mass
balanceto prepare SIAION and mullite-zirconiace-
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ramics. It isimportant to mention that the aluminum
content foundinthespinel (MgAI,O,) wasnotakenin
to account in the mass bal ance.

TABLE 3: Quantified phasescalculated by Rietveld method
from sinter ed dr osses.

Compound (wt.%) A B C
Al Zos(oorundum) 48.96 61.90 46.87
MgAIO4spine) 15.16 17.81 15.16
3A15,05.28i Oxmuiiite) 35.88 20.29 35.88
TiOxutile - - 2.09

Preparation of ceramics

Figures 4 showsthe XRD patterns of the pow-
dersobtained following thereactions (1) and (2). The
XRD pattern showninfigure4arevea sthat the prod-
uctsof reaction (1) weretwo kindsof SIAION, spinel
and alumina. The presence of auminaafter thereac-
tion may betoitspartial reaction. The obtaining of
two different SIAION products can bedueto that the
reactions conditionswere not suitablefor the synthe-
sisof asingle phase SIAION. Otherwise, Figure 4b
showsthe XRD pattern where only mullite and zirco-
niaare present; it isevident that reaction (2) predicts
accurately the formation of thiscomposite ceramic
using asstarting materia Al dross.
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Figure 4 : XRD patterns of the synthesized ceramics: a)
SiIAION compositeand b) mullite-zir conia composite.

Figure 5 shows SEM images of the obtained ce-
ramic composites. Figure 5ashowsthetypica belt-like
morphology of SIAION composites*?. EDX analysis
indicatesthefollowing composition (inwt. %): S-26.6,
Al-28.6,0-16.9, N-24.9, and Mg-2.8. This elemen-
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tal compositionisnesar to that of SIAION phases. The
presence of small amountsof Mgisdueto the decom-
positionof MgAl,QO,. Itspresenceisnot considered as
adetrimental of mechanical propertiesof SAION, be-
cause Mg promotesthe stabilization of a-SiAION2,
Figure 5b showsthe SEM image of the ceramic pre-
pared from a uminum dross and zircon after heeat treat-
ment. It can be observed acontinuousmatrix of mullite
(black background) and homogeneously distributed
ZrO, partides(whiteparticles). EDX microandysisdis-
played an e emental composition (inwt. %) of Al-32.9,
Si-13.7,0-52.1 and Mg-1.3in the background (zone
C); otherwise, the composition of whiteparticles(zone
B) was Zr-85.1 and O-14.9 wt. %.

Figure 5: SEM images of the synthesized ceramics: a)
SIAION compositeand b) mullite-zir conia composite.

CHEMICAL TECHNOLOGY [

CONCLUSIONS

It was demonstrated that after an adequate purifi-
cation processof Al dross, high gradeceramicssuch as
mullite-zirconiaor B-SIAION can be prepared. The
preparation of the ceramicswas proposed following
stoi chiometric reactionswere thermodynamic predic-
tionswere used.
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