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ABSTRACT

Thetitania-YAG (yttrium aluminum garnet) fiberswere prepared by sol-gel
method using aluminum chloride, titanium chloride, aluminum powder,
yttrium oxide and acetic acid asraw materials. The effects of titania on the
YAG fiber morphology development were studied. The result indicated
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titaniacould promote YAG grain growth. Titania- YAG fiberswere obtained
by sintering at 1000°C for 2 hours, with fine grain. But the fibers were
obtained by sintering at 1400°C for 6 hours, with rough surface and coarse

grains. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Yttriumauminumganet (YAG orAlL.Y O,,) pos-
sessesacubic structureand congtitutesacomplex oxide
of ALO,and Y ,O,. YAG fibers, with low creep rates,
hightendledrength, highmodule, excellent thermd da
bility, therma shock resistance, oxidation and reduction
amosphereres sanceat hightemperatures, werewidely
used ashigh temperature structural materialsand asa
reinforcing phaseto reinforce compositest.

Two main processesfor the manufacturing of ce-
ramic fibersexisted, including melt-spinning processes
and sol-gel spinning processes?. Lopez1 et all® pre-
pared YAG fibers by melt extraction technique. The
calcined YAG powderswere mixed with aplasticizer
to extrude 3-mm-diameter rodsthat weredriedinair
for 24 h at room temperature. Therodswerethen sin-
tered at 1500°C for 1 h to give them enough resistance
for handling. Thesintered rodsweremelted using an
oxy-acetylenetorch to form asmall molten drop be-

neath arotating Cu-Bewhed . The shallow contact of
thewhed! tip with themolten drop resulted inrapid so-
lidification and formation of thefibers. Mileiko et al®
produced singlecrystalline YA G fibersby aninternal
crystdlization method. Themethod wascrystallization
of theoxide melt infiltrated into continuous channel's
madeinanauxiliary matrix, normaly molybdenum, and
then extracting thefibersfrom theauxiliary matrix by
chemicd dissolution of it.

Conventionally, melt-spinning methods are adopted
forthesynthesisof ceramicfiberswithlow-meting point,
soitisdifficult to prepare YAG fibersdueto thehigh
melting points (1970°C).

Many successful processeshave beenreportedin
the preparation of YAG fibers by the sol—gel method.
Li et d¥ prepared YAG fibersby sol—gel method using
Al powder, Y(CH,COOH),4H,0O and HCI as raw
materids, polyethyl eneoxideasviscosty adjusting agent
and water asthe solvent. YAG fiberswere obtained by
sintering at 900°C, thefiberswith 25nmingrainsize
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and 970MPaintensilestrength. Pullar et a'® obtained
YAG fibersusingauminasol and yttriasol asprecur-
sors. Theauminasol was made from aluminium sul-
phate, and theyttriasol was madefrom yttrium chlo-
ride. Towataet d® synthesized YA G fibersby sol-gel
method, using aluminum isopropoxide and yttrium
isopropoxide asraw materials, isopropanol solutions
assolvent.

Oneof thedirectionsof modification of ceramicsin
order to attain desirable propertiesis creating a sec-
ondary crystalline phasd”. Thesintering temperature
of YA G can bedecreased and the YAG propertiesmay
be improved by adding low melting point phase
(Tio,)s.

Itisdesirableto using theraw materialswith low
cost but attributehigh fiber quality. Inthe present work,
long YAG fiberswere prepared by the sol-gel method
using a uminum powder, duminium chlorideand yttria
asraw materids. Theeffect of titaniaonthe YAG fiber
morphol ogy deve opment was studied.

EXPERIMENTAL PROCEDURE

Prepar ation of samples

Starting materials used were a uminum powder
(Chemically grade, Shanghai chemistry Co. Ltd.,
Shanghai, China), aluminum chloride hexahydrate
(Chemicdly grade, Xi’an reagent factory, Xi’an, China),
yttria (99.99wt%, Wanbao rare-earth Co. Ltd,
Ganzhou, China), glacid aceticacid (Chemicdly grade,
Tianjin'Yaohuachemistry Co. Ltd., Tianjin, China), ti-
tanium chloride(Chemicdly grade, YudaReagent chem-
istry Co. Ltd., Shangyu, China) and polyvinylpyrroli-
done (Chemicdly grade, Sinopharm Chemica Reagent
Co. Ltd, Shanghai, China).

Thetitania YAG fiberswere prepared in the pro-
cessing stepsasshownin Figure 1. Theyttriapowder,
titanium chloride, duminum powder, andduminumchlo-
ride were dissolved in acetic acid solution when the
mixtureswere heated and stirred using magnetic stir-
ring under reflux at 80°C and then the precursor sol
was obtained (amolar ratio of Al and Y, CH,COOH
andY andH,O andAl was5:3, 3:1, 20:1in precursor
sol, respectively). Other more, an amount of titanium
chloridewas 1mol% inthe YA G precursor sol. Then,

Spinning sol swere obtai ned by condensing at 60°C.

Al powder, V05,
ACE6H20, TICL,
CH:COOH . and
HzO
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Drying and sintering

‘ Titania- YAC fibers ‘

Figurel: Schematicview of theproductionroutefor titania-
YAGfibers.

Thegd fiberswere prepared by pullingathinglass
rod slowly fromthe sol after immersing. Thenthegel
fibers were dried at 60°C for 24 hiin an oven. The
dried gel fiberswerethen sintered at 1000 and 1400°C,
with hegtingrateof 1°C/min.

Characterization techniques

X-ray diffraction andysiswascarried out on an X -
ray diffractometer (DX-2500, Dandong Fangyuan in-
struments Co. Ltd., Dandong, China) using CuK a. ra-
diation with astep of 0.1°/s. The morphologies of fi-
berswere characterized by scanning el ectron micros-
copy (JSM-6390LV, JEOL,, Japan). All testsweredone
at room temperature.

RESULTSAND DISCUSSION

Aluminum chloride hexahydratewasfirgtly hydro-
lyzed with water and formed a uminum hydroxidein
acid solution. The chemical reaction can occur asfol-
lows
AICI,+3H,0 5> Al(OH), +3HClI )
Hydrolys sreaction occurred because water molecules
coordinated to metal ionsweremoreacidicthaninthe
noncoordinated state dueto chargetransfer from the
oxygentothemetd atom™. Y ttriaand a uminum pow-
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der weredissolved during the stirring and heating inthe
mixed solution of auminum chloride and acetic acid,
anditsmainchemical reactionscan besmplifiedinthe
following equation, though the actua reactionswere
complexity:

Y,0,+6HCl > 2YCl,+3H,0%1 @)
Al +3HCI > AICI +3/2H,1 ®
3CH,COOH +Al - Al(CH,COO0), + 3/2H,T @)

Inaddition, yttrium chloridewas a so hydrolyzed with
water and formed yttrium hydroxideintheacid sol. The
chemicd reaction can occur asfollows:

YCl,+3H,0 5 Y ,(OH),+3HCI (5)
Theviscoussol was obtained by concentrating because
poly-nuclear speciesareformed by condensation re-
actions (olation and oxolation) and formation of M—
OH-M and M—O-M with linear or non-linear links®.
But, long fibers can be obtained, with 30cminlength,
only by adding 1wt% PV Pas spinning additive. Al, Y
and Ti ionsor particleswould coordinatewith N or O
ionsin PV R, resulting in theformation of the coordina
tivecomplex inagueous solution. Thereactionscan be
written as(6) and (7), Al®* asan exampl €01,

Fom- (|ZH—]— +cm - (|ZH—]—
O ﬁ + A %émg* (6)
+cH:—cr} +fcH:—cH}

—_—
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&%ﬁ + A éfo:ﬁf' ™
The X-ray diffraction patterns of gel fiberssintered at
1000°C are shown in Figure 2. YAG phase was ob-
tained, but contai ned titania phase was not observed
because the amount of titaniawas|essand it was not
detected by XRD.
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Figure2: XRD pattern of thetitania-YAG precursor gel
fibersheated at 1000°C for 2h.
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SEM micrograph of YAG and titania YAG fibers
sintered at 1000°C for 2hareshowninFigure3. The
YAG and titania- YAG fiberswere obtained with all
smooth surface.

15KV X6,000  2pm

(b) Titania-YAG fiber
Figure3: SEM microstructuresof the(a) YAG and (b) tita-
nia-YAG precur sor gel fibersheated at 1000°C for 2h.
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(a) YAG fiber

SEM micrograph of YAG and titania YAG fibers
sintered at 1400°C for 6h areshowninFigure4. The
YA G fiber was obtai ned with smooth surface and fine
grains. But thetitania-YAG fiber was obtained with
rough surface and some pores was observed on fiber
surface. And coarse grainswere observed with grain
sizeabout 0.5~1um. So, titaniapromoted YAG grain
growth and limited the YAG applicationin high tem-

peraturecondition.

() YAG fiber (b) Titania-YAG fiber
Figured: SEM microstructuresof the(a) YAG and (b) tita-
nia-YAG precursor gel fibersheated at 1400°C for 6h.
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CONCLUSION

Thetitania-YAG fiberswere prepared by sol-gel
method usingauminumchloride, titanium chloride, du-
minum powder, yttrium oxide and acetic acid asraw
materials. The YAG fiber was obtained with smooth
surface and fine grains were observed by sintering at
1400°C for 6h. But thetitania- YA G fiber was observed
with rough surface. And coarse grainswere observed
with grain size about 0.5~1pum.
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