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Abslract
The behofior of alx ina-oxide based gben rcinJorcemen*

lor high lenperarure appliearion aomposire Drater;61s. Thase frbefi
s.tlferealfrox, a prueess of gain growthlebicatiat procest ard that
Lad to a gftst charrge of the pftpellies ol rtert Ta s,,tdy lhese
ellecls, tee examlne ., cofihelcially atailablc {albrrrirra) irrd
(atumindailica) Jibe$ whiah heat teated e, yr]rio*s tgt p'e.atare as
an reali g at 1100,1i00 oC, fo. up ro l0A h$ eh,trrges oS ttte Jibe,
lensilc creep sttess fuplaarc wirl, the fii$attrrrctaae charrges logethel
tpi t the heal beatmek wds shortu to be of, signif.car* elfecr,
eveciag! ob lhe ahtmir,tt fibq dnd shot t ., good deep behaior
{ercep reshla ce). 
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LqU.Jt ,2r.1-,".t u.3 r.bt.irryr ot e4p Ji A! $ *a-;4 .itd)
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-tis, (4-t q+j 1300 .t t t00) rj .La tb, ; jf ,..t,..t+ Lta tl4tu
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. 4W ,.bjp tb ,*" ,-Lj LJt, €l ,r*. L.a,j SJta u,b

tlltrodxction tlcse ilkYs arc co8idered as g
Esrlier sfidies f1 - 31 reinforcelneds for the

or the alumina - based fibe* co{rposite maaerial for high
have investigated tirat the ternperanre application so tha!
rnechanical properties oI the it is,']ery impoaar{ to de}elop
fiben are depends on the an lindelsEndil1g ,'of lle effects
hislory of mate.ial leat of heal aeatient" du.i[g
ficatmfll Remembering t!at, cortposite fabdcatio. on suclr
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frber properties sucb as tensile
shess, creep and sAess ruphre.

The recma str.dies on
the same polycrystalline
alumina tber showed, thst, tl1e
glai. grondl is very little al a
temperatue up to 1200 'C for a
times of 10 tus [2,3]. Alsq
these sludies sho$'ed tha! wi*l
free load conditions, tl,e tensile
skength ar9 decreased due to
the gowth ofclitcal fltvrs. Bnt
for the (alumina - silica)
coslposite !ber, hoat treaAnent
above 1127 oC irakes the
amorphous silica to tar$foiil
ard $e alu1nha mixfure
transform ro mullet ltl. The as-
prodnced alumina silica fibe.s
re$ed ar 1000 ro 1200 "C l4l,
exlibits a $e&t creep .ates tlan
did almina in the sam€
temperaf0re and strEss range

[5]. However, rlo c!€ep testing
was perfonned ofl (allnnil! -
silica) fibers after they were
anneaied to tho mullet
composition. Another (ahmin-
silica) fibe. with a mlilet-
alurdna compositioo \ras
shorryn to iave c1eep tesist&ce
greater ahan obtained by
polycrystalline alunina fiber
l,l. Ihis meaos thst, it is
applicable to develop a
commeroialiy availabie
alumirla- silica fiber.

Duirg *rc ileal-
treatment cycie, the instability
ir tie milr.osiructure of the

alumina-silica fbea t.ansfoi/n
to a morc stable.

The aim of this investi-
gatior was to determine the
efrects of heat iea*nmt o.! the
cleep alld ruptu.e behsvior of
two commercially available
oxide fibers, alulriaa arid
alwnin-silica fiber, see table
o).

To tr|ake tl$se rcsr ts
rnore usefirl, the creep behavior
of lhese ibers is coinparcd to
olher oxide fibers, itrciudirt8
l4r.i.t,1l afurninul! ganret fibers,

Eroerimentxl Pr0cedrm
The prop€ ies of as-

Foduced propertios ,ro
repoxed by their respective
ma6ufactures, since these
materiab were iroponed fot
spe.cial applications. The heat
tleairent processes inchdes
arrcaling took place in an
electric fumace and cooliag il
air oye! a {l -100) hrs at 1100
"C and for 3 tus at 1300 oC.

The p.irury reason ofchoosing
ihese temperatEes is drai they
leplesent &e upper
te&po.a&.res for fabricaaion of
csraric-matix composite!

The tensiie cr6ep and
apture data were oblained by
using a special appamfus as
showr in figure (l) for lelrsilo
c.eep lesting itr air. These data
are obtained betweer 900 atd
1200 'C in air for times ra{ging
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irom 0.1 lo 100 hrs and the
applicd slrcsses are ol 190 -
:E0 Mpa. lndi\idral llbers
\!''ere glucd to paper grip\ that
werc atta.hed to hooks well oui
- side lhe hot zone (This zorc is
simila: & tha! used in oblaining
single crystal) cxcept rhat it
couldreach 1500'C.

!h. aensile creep
dcaonnatior measuremcnts
$cre made el ihe lo\,aa hook
usit1!r cxle.somcter,

The mcasuiemcnts $,eae

l.ken every minute lor tare tirst
half hour and then every iralf
boff lhe.c alie.. The
lharmocolples used lor
lemperature coniol and
mcasurcrncnt respeclivel),- were
placed al rhe center of thc hot
zone, and ibr the creep - slrxin
calculalions i1e eafeclire gauge
ienglh was laken tu be 25 mm.

Resrlts and Discnssion
Tbe tensile creep

crr\cs 1br dtc as-rccieled
alunlitla fibers at variols striss
levels arc strown in iigurr (l) al
950 "al, ard this li!:tre shows
the ef:icls of lbe 1t00 "C xir
anneal lirr 100 lrs. The cuNes
exhibit a stc?rdy - slate creep
*ith litlle creop strain.'l'he as
rcccived fiaer, tested only a1

2?5 Mpa, Howevea, at lhe salne
sfess: tle ann.alcd fiber
displaycd a much lowe. creep
sttain. jnst under 0-8 0/6.

Moreovcr, tle x nealed iibcr
showcd no indicali(nl ol re.1iary
creep. €ven sfier 

')rore 
$an I00

hrs brt thc stress on arnealerl
fibcIs was incrcased t() .1i3

Nlpa, $,hi€h resulted in an11
irrcreasii of 3 strains aiter 50
lrrs. When thc creep
Lemperatlre lras raised to 1090

'C the slrain in the annealed
fiber exccedcd 0.3 % \rirltin ?
hrs at 138 Mra (figu.e 2),
\rhil. the .s receilcd fibcr
lailcd !lle. ol,r- l0 mir a1 the
sanrc stress. Thaa means tiic
doubii.g stress olr the llnnealed
fibc. increlsed thc creep strait
by la€ao. ot5.

The ri.sponse of
alumina - siLica llblr crccp
response is iliustr:ited in
(fiElrre 3) ar 1090 'C. Both
samples the as reccivcd a.d lhe
annealed sampies !t ll00 "C
]b. 100 hrs were teslcd. lhe
4lu&ina - Silica requi.ed abort
50 brs insaced of I h.s to
achieve strai, levels
cornparable 1{) xinealcd
alumina llber (of igure 2)-

The conipa.ison
betwcan tlc anaealcci and as
reccived fibers al i090 "4 $;ih
lire srm. 118 Mpa load exhilriis
ore oider of maEtjtude less
cresp slrain in the .rrrealed
fibcr.

Thcsa results proYed
lbal the co.rec! sequence ol:
annaaling paoacss play aa
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importaDt role in the creco
behavior of these fibers. the
e{Ie{ts of process annealing on
tlie 0.2 % creep saength of the
alunina fiber a.i1d alnmina -silica fibers are shown i.
(figlre 4 a, and b). Alumina
fber at 980 "C required (l
200 hrst reaching 0.2 o/o creep
al stesses lrom 700 to 100
Mpa- Aiel the atu)ealilg
paocels of the alnniaa flbe.
sampl* sr 1100 oC for 100 hls,
the 0.2 % creep times i*rcased
&or11 appioximately (2 - 500
hrs) for the sarne s1.e$. vhile
at 1090 oC, there is no large
annealing effect codd be
recognized in the as reoeived
alumiaa - fiber cleep shength
datl I! aonlrast t}re snnealed
aiumina - silica fibers show a
$arked improvement over both
the as rcceived and $nealed
alu&ina Iibers in tLe ssine
laress range. Amealing of
alumina - siliaa shovred abouJ
an order of magnitude
increasin8 in the time needed to
rcnch 0.2 y. shain at boti] 9g0
"C alrd 1090 oC. In.fact, rhe
annealed fiber iesring at 1090
'C hehaved similar ro rhe ,q
received altlmina - silica st 980oC. The real stress - raDtEe
data wer limire4 but (Fjeure
5J shorr. that always, annealing
processes increased rupture
time in comparison to the as
received fibers. l{owevgl,

annealed allrnina - silica sho$s
o.ly a sligllt increa-se irl rltDture
lime sl 98t) "C.

The micrographs of the
alunina fibers in tle as
received and aanealed
condition (100 hrs af I100 .C)
shows lhat rhe initial averas.
grair size ol 0.t pn appeals
.nsltangcd. In contrasa, the
alumin, silict n caostracture
show. in (ligure 6) shows that
lhc iniliai 0.02 pm grab size
inc.eased lo1lr iimes a1le, x 3
hrs. i300 "C exposrrc, \rhilc
alumina. thc alumira - !;lica
g.ain morphology .emai.s
equaled aher heing exposed to
lhis lempe.atulie.

Conclusions
1. The aanealing p.ocess can be

used lo modif] thB high
letnpel?lrre creaa
delo.aatio, behavior ri
commercial pol_vcrystalline -
aiumira bascd flibers. anrl
Thal make it is possible lo
ilnprove the iigh tempera-
twe laccp rcsistancc of
somposiles Iirlrout aflec!
ing lheir stiess , rnptnre
beha\,io.-

2. Annaaling process produces
phase ;urd microstruc1rre
changes tiat ello& them ao
becollrc as creep resisknt as
ytriom ahunirum.

J. Tirc resrlas ol this nork.
show fhat tlle creep
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propeflies of the as rec€ived
fiber may oot be appropiiate
for modeling composiie
.reep behavior il &. Iiber
creep properties are charged
by &bricalion or servioe
conditions.
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