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ABSTRACT

Mullite-silica-enstatite composites fibers were prepared using aluminum
nitrate, magnesiaand tetraethy! orthosilicate asraw materials, lactic acid as
complexing agent. Fourier transforminfrared (FTIR) spectra, X-ray diffraction
(XRD), and scanning electron microscopy (SEM) analysis were used to
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characterize the properties of the gel and ceramic fibers. The composites
fiberswere obtained by sintering gel fibersat 1200°C for 2h, with asmooth

surface and dense microstructure.

INTRODUCTION

Mullite (A1,O,xSi0,) hasbeen recognized asan
outstanding ceramic materid, for itshigh temperature
strength, creep res stance, therma and chemicad stabil-
ity, low thermal expans on coefficient and good diel ec-
tric properties™. IntheAl O,-SiO, system, only mul-
lite exigts asthe stable compound, which occupiesthe
structure of edges-shared AlO, octahedron chains par-
alld to c-axisbounded by aluminum and/or silicon tet-
rahedron'@. MullitedisplaysvariousAl to Si ratiosre-
ferringtothesolidsolutionAl,, S, O, ., withxrang-
ing between about 0.2 and 0.9 (about 55 to 90 mol%
Al,O,). Thecompositional variation isbased onthe
exchangeof O% +25%—2AI*" + = [ ], whichintroduces
one oxygen vacancy™®. The properties of mulitemay
be affected by the exchange. Further research contin-
uesto define better these correlations.

Animportant potentia application of mulliteisused
asfiber reinforcement. Main processesfor the manu-
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facture of ceramicfiberscan beclassified asmelt-spin-
ning processes and sol-gel spinning processes¥. Usu-
aly, themdt-spinning method was adopted for thesyn-
thesisof ceramicfiberswith low melting point, so it
was not suitablefor the preparation of the mullitefi-
bers.

Many successful processes have been reported
for the preparation of mullite fibers by the sol—gel
method>7. In most of starting materials, aluminum
isopropoxide (AIP) was selected asAl source. Onthe
other hand, sincetheAlPwhichisexpensivewasin-
volvedinthesynthesisprocessof mullitefibres, thepro-
cessislimited to itswidespread gpplications, dthough
mullitefibersare obtained, with smooth surface and
dense microstructure!®.

TheAl,O,-SiO, system had alowest melting point
when the content of duminawas9wit%o. Theliquid phase
could beobtainedintherich silicasystemat low tem-
perature. Theliquid phasecould hep mullitefiring, and
mullitefiberswith adense microstructure could be ob-
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tained. Otherwise, oneof thedirectionsof modification
of ceramicsin order to attain desirable propertiesis
creating asecondary crystalline phase®. Itisdesirable
tofabricatethemullitefibers contained slicon and mag-
nesium phases, with high quality using low-cost Al
source.

Recently, the compositesfiberswere prepared by
sol-gel method using a uminum nitrate, magnesiaand
tetraethyl orthoslicate (TEOS) asraw materials, lactic
acid ascomplexing agent. Theresultsindicated that the
compositesfiberscontained mullite, sllicaand endtatite
(Mg,[S,0,]) phases by sintering at 1200°C for 2h.

EXPERIMENTAL PROCEDURE

Prepar ation of samples

Starting materials used were aluminum nitrate
(Chemicdly grade, Xi’an reagent factory, Xi’an, China),
magnesia(Chemicaly grade, Tianjinkerme chemistry
Co. Ltd., Tianjin, China), lacticacid (Chemicaly grade,
Xi’an reagent factory, Xi’an, China), absolute ethanol
(Chemicdly grade, Xi’an reagent factory, Xi’an, China)
and TEOS (Chemically grade, Tianjin kermel chemis-
try Co. Ltd., Tianjin, China).

Themullite based compositesfiberswere prepared
asthe processing stepsshownin Figure 1. Theaumi-
num-magnesium lactate (AML) sol was prepared by
mixing H,O, duminum nitrate, magnesaandlacticacid
with molar ratio of 10:1:0.25:3, followed by heatedin
water bath (60°C). TheAML sol wasthendissolvedin
absolute a cohol to obtained AML solution. And, a
proper amount of TEOSwas added inthe solutionto
obtain stoichiometricAl/Si ratio as0.80. Then, the pre-
cursor sol ution was concentrated to obtain spinning sol
inwater bath (60°C), and the gel fibers were prepared
by pulling athin glassrod dowly fromthesol after im-
mersing. Afterwardstheobtained gd fibersweredried
at 60°C for 24 h in an oven. The dried gel fibers were
then sintered at varioustemperatures between 800 and
1200°C for 2h with a heating rate of 1°C/min.

Characterization

For thege fibers, Fourier trandforminfrared (FTIR)
spectra were recorded on 6700 Infrared Spectrom-
eter (Nicolet Magna, American) with the samplesas
KBr pellets. X-ray diffraction anaysiswascarried out
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Figurel: Schematic view of the production routefor mul-
lite-silica-enstatite compositesfibers

on a DX-2500 X-ray Diffractometer (Dandong
Fangyuan, Dandong, China) usng CuK a radiation, with
astep width of 0.05°/s. Morphologies of heat treated
fiberswere characterized by scanning € ectron micros-
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copy (JSM-6390LV, JEOL,, Japan). All testsweredone  and bending modes of adhesveand constitution water

at room temperature.
RESULTSAND DISCUSSION

Aluminum-magnesi um | actate sol was prepared
whilethereaction took placebetween duminumnitrate,
magnesiaand lactic acidin agueous solution during the
stirring and heating. Themain chemical reactionscan
besmplified asthefollowing equation (1)-(5), though
theactua reactionswere complex(®4:
3CH_CH(OH)COOH+AI(NO,) .~
AI[CH_CH(OH)COO],+3HNO,

HNO,—1/2H,0 + 1/40,1+NO,T
2CH_CH(OH)COOH+MgO—>
Mg[CH,CH(OH)COO],+H,0

AI[CH_ CH(OH)COO]+nH,0—»
OH),Al[CH,CH(OH)COO],+nCH,CH(OH)COOH
Mg[CH CH(OH)COOQ] +mH,0—

(OH), Mg[CH,CH(OH)COO], +mCH,CH(OH)COOH (5)
Wherenare0, 1, 2, or 3; mare 0, 1, or 2.

TEOShydrolysisunder theacidic condition (AML
solution), and condensati on pol ymerization took place
when the sol was concentrated.

According to these hydrolysi sand condensation po-
lymerization reaction, the spinning precursor sol was
obtained.
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Figure2: FT-IR spectraof theprecursor gel fibers

TheFTIR spectraof precursor gel fibersareshown
in Figure 2. Ascan be seen, thebandsat 3430cm* and
1100 cm™ are assigned to the O-H stretching modes

aswel| aslactic acid and ethanol OH, respectively. The
band at 2650cm* maybe be assigned to the O-N
stretching mode of nitric acid. Thebandsat 1680cn
isassigned to the C=0 stretching mode. The band at
940cnrtisassigned to the C-C stretching mode. The
bands at 1300cm* and 880cm* may be assigned to
the C-O stretching mode and bending mode, respec-
tively. Ascan be seen, alittle of nitric acid and some
lactic acid was present inthe samples.

AsshowninFigure3, theband observed at 1420
cm® corresponds to AI-OH bonding mode!*?. The
stretching modesof Al-O—Al linkages are observed at
620 cm* and 820 cnr*3, When AML solution was
condensed, hydrolysisand condensation polyconden-
sation could occur. So, the stretching modes of Al-O—
Al linkages are observed. The band at 1050 cm? is
assigned to the stretching mode of S—O-Si of the net-
work. The condensation polymerization of TEOSaso
took place when the sol was concentrated. But, the
Mg-O modeisnot observed.
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Figure3: XRD patternsof theprecur sor fibersheated at (a)
800, (b) 1000 and (c) 1200°C for 2h

TheX-ray diffraction patterns of precursor gel fi-
bers sintered at 800, 1000 and 1200°C are shownin
Fgure3. Themain phasewasamorphousinthesamples
after being sintered at 800°C. Mullite phase was ob-
tained after being sintered at 1000°C. Otherwise, silica
and enstatite phase were observed after being sintered
at 1200°C.

Usually, theformation of mullite by sol—gel meth-
odsstartsat 1000°C and no other phaseremainsinthe
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samplesafter full reactioni*+¢. Theformation of the
mullite nucleation sites (Al O, sites) closesto 1000°C,
moreover, thefurther densification by the growth of
particlesand clustersexceedsthecritical Szeof mullite
nucle, whichresultsin rapid mullitizationwith avery
high nuclegtion density.
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Figure 4 : SEM microstructures of the precursor fibers
heated at 1200°C for 2h
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SEM micrographsof precursor fiberssintered at
1200°Cfor 2hareshowninFigure4. Thefibershad a
diameter ranged from 20t0 40 im, with a smooth sur-
faceand uniform diameter.

CONCLUSION

The composites fibers were prepared by sol-gel
method using aluminum nitrate, magnesiaand tetragthyl
orthosilicate (TEOS) asraw materials, lacticacid as
complexing agent. Mullite phase was obtai ned after
being sintered at 1000°C. Silicaand enstatite phase
were observed after being sintered at 1200°C. The
compositesfiberswereobtained by snteringat 1200°C
for 2h, with asmooth surfaceand uniform diameter.
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