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Abstract

The behavior of Nicalol! fibers with sol-gel derived alumina, zirconia and alumina/zirconia interfacial coatings exposed to air<at 1000
was studied. Kinetic measurements of the oxidation rates of Nitlfibers with coatings derived from different routes were conducted.
Morphology, texture and composition of oxide-coated Nic&lbfibers after exposition were studied using SEM, EDS, XRD, and XPS
analysis. Some common and distinctive features of the behavior were found. In all cases the oxidation is satisfactorily described by the oxygen
diffusion-controlled mechanism. Some peculiarities of behavior of oxide interfacial coatings in dependence on type oxides and their prehistory
are discussed. The oxide-based interfacial coatings can be considered as promising ones but their properties must be optimized to increast
the oxidation resistance of NicalBh fibers.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction The instability of the common interface materials such as
carbon and boron nitride has motivated research on more
Fiber-reinforced ceramic composites achieve high tough- oxidation-resistant fiber coatings!? It is commonly be-
ness through the distributed damage mechanisms. Thesdieved that oxide coatings represent the best choice in terms
mechanisms are dependent on matrix cracks deflecting intoof oxidation resistanc Although it is true for the preven-
fiber/matrix interfacial debonding cracksCrack deflection tion of oxidation coatings, it is no necessary to be true for
in most CMC'’s reinforced by SiC-based fibers such as the protection of the underlying non-oxide fibers and ma-
Nicalon™, Hi-Nicalon™, Sylrami® is achieved through trixes (SiC-based) from oxidation or for weak fiber/matrix
the disposal of weak and compliant carbon or BN interfacial bonding. It should be suggested that a complex interphase
coatings>~ However, these interfaces have proved to be sus- materials criteria may not be easily satisfied by refractory
ceptible to oxidation atintermediate temperatures and rapidly compounds. However, there are several positive examples of
lose their effectiveness. The fundamental limitations of car- refractory oxides as suitable interphase materials for non-
bon and BN make them the life-limiting constituent for most oxide composite$11-16
composite systems. Therefore, the oxidation problem of in-  In previous work’ we studied the particularities of the
terfacial coatings is considered to be one the most importantformation of the Zr@, TiO,, Al,O3 and double oxide inter-
problems remaining to be solved before SiC/SiC compositesfacial coatings on Nicald® fiber by sol-gel technique. Our
can be reliably introduced in the next generation aircraft en- approach to fabrication of these coatings was based on us-
gines, space vehicles, gas turbines, and other applic&tions. age of aqueous sols of corresponding oxides. Water is one of
components not only of aqueous sols but organometallic sols
* Corresponding author. Tel.: +7 3832 363839; fax: +7 3832 322847.  and solutions, which are usually used to coat ceramic fibers
E-mail addressbaklanova@solid.nsc.ru (N.I. Baklanova). and composite materials with refractory oxidést’ In some

0955-2219/$ — see front matter © 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jeurceramsoc.2004.06.011



1944 T.M. Zima et al. / Journal of the European Ceramic Society 25 (2005) 1943-1952

cases, pre-treatment of Nicaldth fabrics before testing or heated till 960 C in vacuunr1 Pa. To increase of thickness
characterization includes the immersion of fibers into warm Of interfacial coating the dipping—annealing procedure was
water to remove a sizintf Further, an “accelerated” oxida- repeated. Herein after, the coatings derived from diluted sols
tion of SiC-based materials in high temperature, high steam are denoted as “d” and from undiluted as “ud”. The number
environment was well-documented (See,]@__é_l)_ One can of dipping—annealing CyC|ES is denoted with arabic numerals.
propose, that water is an important factor to be taken into ~ Two approaches were applied to fabrication of complex
consideration. The objective of present study was (i) to ex- oXide coatings. In accordance with one of them, the sols
amine the oxidation of refractory oxide-coated fibers exposed were synthesized separately and then mixed in 1:1 volume
to air at 1000C and (i) to evaluate the influence of some ratio before deposition process (type I). The second approach
factors, among them, disperse medium (water) on the mech-comprised the electrochemical synthesis of sol from aqueous
anism of oxidation. Of course, oxidation resistance should solution of two different metal oxychlorides (type II).

be considered in terms of the overall composite system to A special procedure was applied to some specimens of
determine how oxidation degrades composite properties andNicalon™ cloths before oxidation tests. After desizing in
how system, including the fiber, coating and matrix can be accordance with procedure mentionedSection 2.1 the
modified to alleviate this problem. Nevertheless, a study of specimens were dipped into distilled water, maintained for
oxidation resistance of coated Nicaldhfibers exposed to ~ several minutes, drawn out and dried at ambient temperature
air at high temperatures for a long time is of great interest. until no changing of mass. Then they were heated in vacuum
This situation can be realized under extreme conditions whenat 960°C for 1 h, cooled and weighted. The total mass loss
the open ends of coated fibers are exposed to the surroundafter this procedure was below 3 wt.%.

ing atmosphere or when matrix cracks are present, allowing

atmospheric oxygen to reach the fiber coatings. 2.3. Oxidation tests

The oxidation behavior of coated and uncoated NicHbn

2. Experimental fabrics was examined in air under static conditions. All of
experiments were carried out at 10@D The samples of
2.1. Substrate preparation Nicalon™ fabrics (100-200mg) were placed in the fur-

nace (KO-14, German) heated preliminary to 1000and
Woven Nicalo’M NLM202 (Nippon Carbon Co. Japan)  kept during a definite time interval. Then the samples were
fiber cloths were used as substrate materials. Prior to coat-taken out, cooled in dessicator and weighted with accuracy
ing, Nicalon™ fiber cloths were immersed for 24 h in 50:50 0.1 mg. A total time of testing was 30 h.
acetone/ethanol mixture for removing a sizing agent, after
that they were dried at ambient temperature. Then they were2.4. Specimen characterization
thermally treated in air at 45(C.

The phases in coatings were characterized by X-ray
2.2. Coating preparation diffraction analysis (XRD) using monochromatic Cu Ka-
diation with DRON-3 diffractometer (Russia). Scanning elec-
Precursors for single and multicomponent refractory tron microscopes (JSM T-20, Jeol, BF-350, Tesla, and SEM
oxide coatings were the sols of hydrated aluminium and LEO 1430VP, supplied by EDX Oxford spectrometer) were
zirconium dioxide. The sols were synthesized by electro- used for coating morphology characterization.
chemically at 60—65C from 1M aqueous solutions of The electronic structure of coating before and after oxida-
metal oxychlorides using diaphragmless electrolyzer with tion was characterized by XPS using VG ESCALAB spec-
platinum Fisher’s electrodes. The time was about 2 h. The trometer. XPS spectra were recorded using AliKadiation.
chloride ion content was monitored in course of synthesis All spectra are presented in binding energy scale obtained
by standard procedure. The concentration of disperse phasavith respect to C 1s peak of carbon at 284.8 eV.
was varied by diluting with water before coating procedure.  The specific surface area of desized Nicalon fibers before
The coating stage involved firstly the immersion of the fiber and after water treatment was determined by BET method.
fabrics into sols. When fiber tows or woven fibers are used, Before measurements the samples were heated aCL20
the coating procedure becomes more difficult because of Ar/He flow.
single monofilaments in close proximity are difficult to coat
uniformly and the problem of bridging of fibers by coating
arises. So special procedure developed by us was applied t@. Results
facilitate the sol infiltration into the woven architecture. This
procedure was similar to that one described by Gu é al. 3.1. Oxidation tests
Then, the fiber clothes were exposed to air at ambient tem-
perature. Thermal treatment was optimized in order to obtain  Dependence of the relative masanf)?/m on time at
crack free coatings. The specimens were slowlyG8nin) 1000°C for uncoated NicaloR fibers preliminary treated
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Fig. 1. Dependence of the relative magsar()?/m on time at 1000C for
uncoated Nicaloh fibers preliminary treated under different conditions.

under different conditions is representedrig. 1. One can
see, that for desized NicalO¥ fibers an insignificant mass
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Fig. 3. Dependence of the relative magsar)?/m on time at 1000C for
Nicalon™ fibers with ZrG coating.

The (Am)%m-time plot for oxidation of the AlOz (ud, 1)-

gain is observed only after the 6 h exposition to air. Prelimi- coated Nicalof™ fiber reveals two regions with different

nary treatment by water of desized Nical8hfibers results

slopes (before and after the 11 h exposition). An increase of

in a significant increase of the oxidation rate of samples. The the number of dipping—annealing cycles up to six leads to a
(Am)2/m-time dependence obeys the linear law that con- sharp decrease in the oxidation rate.

firms the parabolic oxidation law characteristic of a diffusion-

controlled mechanism.

The (Am)2/m-time plots for ApOsz-coated Nicalof¥
fibers exposed to air at 100Q are shown inFig. 2 One
can see, that linear dependence fop@d (d, 1)-coated
Nicalon™ is observed. The oxidation rates of Nicalth

A similar picture is observed for Zcoated NicalofM
fibers during exposition to aifF{g. 3). One can see, that de-
pendence ofAm)%/mon time for Zr& (d)-coated Nicalof!
fibers obeys the linear law. The dilution of the Zr®ols
which are used for coating process results in an increasing
of oxidation rate of coated fibers. The peculiarity of behavior

fibers with AbOgz coating derived from diluted and undiluted  of ZrO, (three to six cycles)-coated Nicalb¥ fibers is an
sols are greatly distinguished from each other, namely, for appearance of a noticeable mass gain only after 10 h from the

whole period of exposition the oxidation rate for,®j (d)-
coated NicaloRM is higher than for AJOs (ud)-coated fibers.
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Fig. 2. Dependence of the relative magsar)?/m on time at 1000C for

Nicalon™ fibers with ALOj3 coating.

beginning of expositionKig. 3).

The results of oxidation of the AD3—ZrO,-coated
Nicalon™ fibers as plots of Am)?/m-time are represented
in Fig. 4. One can see, that the Z)3—ZrO, (type Il)-coated
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Fig. 4. Dependence of the relative magsr)?/m on time at 1000C for
Nicalon™ fibers with the AbO3—ZrO, coating.
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Nicalon™ fibers are oxidized slowly thantype I. Anincrease
of number of dipping—annealing cycles in course of the fab-
rication of the ApO3—ZrO, (both type | and type Il soles)-
coated NicalohM fibers results in an increase of oxidation
resistance of coated fibers.

Summing up the data on kinetics of oxidation of oxide-
coated Nicaloh™ fibers, one can emphasize the follow-
ing peculiarities of their behavior under exposition to air at
1000°C. Firstly, oxidation rates are depend on concentration
of sols which are used for the fabrication of coatings. Us-
age of concentrated sols results in retarding of oxidation of _ 7
coated fibers. Secondly, the oxidation resistances of coated : < 10 um
(with diluted sols) fibers only slightly differ from each other. '
Thirdly, the oxidation resistance of Nicalbh fibers with
Al,03/ZrO»-based coatings depends on sol—gel routes that
are used for their formation.

3.2. SEM analysis

SEM images of the surface and the cross-section of
Nicalon™ fibers preliminary treated by water and then ex-
posed to air at 1000C are represented kig. 5a—c. Nicalon
fibers exposed to air without prior water treatment show new
surface features as separate well-developed crystals. How
ever, the fibers annealed in air after water treatment showec
scale formation on the surface. The scale is rather uniform,
smooth and highly porous one. The size of particles and pores
determined from the SEM micrographs with the Image-Pro
Plus software, is about 20-60 nm. Separate well-developed
crystals can be observed at the edge of cross-section of som
fibers.

SEM images of the surface and the cross-section DAl
(d, 1)-coated NicaloR fibers before and after exposition
to air at 1000C are represented ifig. 6a—c. The sur-
face of oxidized filaments resembles jigsaw puzzle. The
columnar microstructure of coating after oxidation is ap-
parent. Growing crystals are parallel and directed normally
to the fiber surface, i.e. the coating is textured. One can
see, that some of columns are joined each other in oute
part of coating. The thickness determined from SEM im-
ages is about xm. No visible coating-fiber interfacial zone
was detectable with SEM analysis. One can see that ope
long pores with sizes of several nanometers across and abo
1pm long are appeared between columnar crystals. Besiderig. 5. (a-c) SEM images of the surface of desized and exposed to air at
pores, other macro defects including the new formations of 1000°C (a); treated by water and exposed to air at 1GD@b and c).
rounded shape with 0.5+dm in diameter and cavities can be
observable. SEM micrographs of the Zrf (d)-coated Nicaloh¥

SEM images of the surface of Dz (ud, 1)-coated fibers after exposition to air at 100C are represented in
Nicalon™ fibers before and after expositiontoairat 1000  Fig. 8a and b. The coating is a very smooth, uniform and
are represented Ifig. 7a—c. Unlike the coating derived from ~ adherent. An exposure of Zpoated fibers to air results
diluted AlOs sol, this coating is dense, glass-like one with in healing of defects and smoothing of surface. The coating
numerous macro defects, such as CrackS, |arge sized We||jS built from columns that are directed normally to the sur-
developed crystals, dendrites and other nonuniformaties. Ac-face of filament. However, a column structure is denser in
cording to EDX measurements, the composition of crystals comparison with one for the alumina coatirigid. 6c). The

is represented by Al, Si, and O. Longitudinal long cracks and thickness of coating after oxidation is aboytrh. No coating
spalling of coating are observed. spallation was observed for whole period oxidation.
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Fig. 6. (a—c) SEM images of the surface and the cross-section,Gk:AH, Fig. 7. (a—c) SEM images of ADs (ud, 1)-coated Nicalo fibers before
1)-coated NicaloH fibers before (a) and after exposition to air at 10600 (a) and after exposition to air at 1000 (b and c).
(b and c).

spectrum Eig. 9a, curve 4) a distinctive shoulder is present.
3.3. XPS and XRD analysis The location of this peak is in accordance with the value

for ZrO, reported by Moulder et & The XPS spectra con-

XPS survey spectrarecorded from oxidized coated and un-firm the presence of aluminum and zirconium in the@d-,

coated Nicaloh fabrics revealed carbon, silicon, oxygen, ZrO,- and ALOs/ZrO, coatings derived from diluted sols by
zirconium, aluminum as main components. The common fea- one-fold dipping Fig. 10a and b).
ture of oxidized coated NicaldN fibers is the presence of The results of XRD studies of coated Nical®hfibers
silicon dioxide as main component. Asymmetry and slight exposed to air are shown Fig. 11 It should be noted that
shift of the O 1s photopeak for oxidized oxide-coated fibers an assignment of peaks in the XRD patterns of oxide-coated
in comparison with oxidized uncoated fibers are an evidence Nicalon™ fibers is a rather difficult. This is due to several
of heterogeneity of oxidized coatings and the presence ofreasons. Firstly, these coatings are very thin, nanosized and
oxide phases other than SiQFig. %9a and b). In the XPS  poorly crystallized and as result, weak intensities are ob-
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Fig. 8. (a and b) SEM images of the zr@d, 1)-coated Nicaloh" fibers
after exposition to air at 100CC.
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Fig. 10. Al 2p and Zr 3d photopeaks of the oxidized®4-, ZrO,-, and
Al,03/ZrO,-coated Nicaloh fibers.

Nicalon™ fiber before and after exposition in air peaks be-
longing to tetragonal and monoclinic modifications of 2rO
are present? the m-ZrQ being a predominant. As was men-
tioned early by Baklanova et d’,in the XRD patterns of the
Al,03-ZrO, (type 1, ud, 5)-coated Nicaldi fibers only
peaks belonging to t-Zrwere detected. After exposition of
the AbOs—ZrO,-coated Nicalof™ fibers to air besides the
peaks of t-ZrQ, the other features that could be assigned to
ZrSiO4 were also observed.

The weak peaks for the AD3—ZrO; (type Il, 5 cycles)-
coated fibers were observed in the XRD patterns. They appear
to belong to t- or &ZrO, phase. After oxidation the appear-
ance of additional weak feature that could be ascribed to the

served in the XRD patterns. Secondly, the positions of XRD Al,03; phase became noticeabkd. 11).

peaks of phases comprising the coatings are very closely to

each other and besides, they are superposed t@-Bi€

phase peaks of NicaldN fiber itself. This is why the inter- 4. Discussion
pretation of obtained experimental data is an ambiguous one.

The AlLOs (ud, 6) coating remains X-ray amorphous af-  Several results concerning the behavior of oxide-coated

ter long exposition to air and only wide diffuse peakef
SiC can be observed. In the XRD patterns of Z«dated

[

s
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Fig. 9. XPS spectrafor oxidized NicalO¥ fiber: O 1s and Si 2p photopeaks

for uncoated (1) and coated Nicalon (2-5)28% (2); Al,03, d (3); Zr&
(4); Al,03/ZrO; (5).

Nicalon™ fibers must be discussed in detail. The first group
of results is connected with the stability of uncoated fibers
exposed to water prior to oxidation tests. The above kinetic
experiments clearly show that NicalBhfibers are not stable
when exposed to water and then annealed at 1306 air.
Clearly, that the exposure to water before oxidation tests is
critical moment to the increase in the rate of oxidation. As an
oxidation process is heterogeneous one it was proposed that
the surface of Nicaloh fiber is affected by water treatment
even at ambient temperature. The structure and composition
of Nicalon™ fiber and its surface were a question under
investigation of numerous publications (see,€.g.). ltwas
shown thatthe fiber appears to be composed of a “continuum”
of SiC4 and SiGOy tetrahedrons. In addition, graphite like
carbon structures would be present. On the fiber surface there
is a very thin SiQ (about 10 nm) layer, the bulk of fiber being
not concerned with this layé?.

It could be proposed the different mechanisms of influ-
ence of preliminary water treatment on accelerated oxidation
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Fig. 11. XRD patterns of oxide-coated Nicaldhfibers before and after exposition to air at 10a0

of Nicalon™ fiber in air. One of them is based on the fact taken into consideration. Firstly, diluted sols contain a large

that on the Si@ surface the Si-OH groups are present. They quantity of disperse medium, namely, water. In other words,
provide a chemisorption of #0 molecules on the Sigsur- the process of the formation of coatings with one-fold dip-
face. Heating of fiber pretreated with water results in the ping into diluted sols, in some extent, is an analog to the
elimination of HO molecules and the formation of highly ~ pre-treatment of fibers by water. Secondly, the initial (be-
porous structure of the SiCsurface layer. The BET mea- fore oxidation) oxide coatings derived from diluted sols (one
surements showed the20-25% increase in specific sur- cycle) are very thin and porous ones, the pore and particle
face area of desized and pretreated by water Niddlon sizes being about 30-50 nm, as was early reported by Bak-
fiber in comparison with untreated desized fiber. Further, it lanova et al” After oxidation the microstructures of coat-
is well-documented® that an amorphous SiOhas a no-  ings of oxidized ApO3- and ZrQ-coated NicaloM fibers
ticeable solubility in water at neutral fland at ambi-  are columnar ones, long open pores directed normally to the
ent temperature. So it must not be excluded that dipping surface and micro cracks present. One can propose that these
of fibers into distilled water could result in a partial sol- Mmicrostructures will provide a diffusion of oxygen inward to
ubility and distortion of integrity of the thin SiDsurface the fiber-coating interface along grain boundaries and cracks
layer. and this mechanism is predominant at as low temperature as
The different character of oxidation for both types of un- 1000°C. So effectiveness of them to protect underlying fiber
coated fibers is also clearly seen in their SEM imaéés 6a from further oxidation is not so high and only slightly differs
and b). “Islets” of finely crystalline phase are formed on the from each other.
untreated surface of fiber in contradiction to uniform, highly ~ According to Jarvis and Carté?,adhesion energy at the
porous coating of fiber pretreated by water. A distinguished ZrO2/SiO; interface is quite high. They calculated that a very
morphology of both types (treated and untreated by water) strong bonding and a dramatic rearrangement of the atomic
fibers can be also a reason of difference in the oxidation coordinates existatthis interface and concluded that chemical
kinetics. Actually, highly porous textured silica coating al- bonding provides a significant source of interface strength-
lows more rapid diffusion of gaseous substances along grain€ning even at ambient temperature and in the absence of a
boundaries. As a result, we observe accelerated oxidationnew reaction phase. From this point of view, such coating
rates for fiber pretreated by water. might exhibit improved resistance to debonding and subse-
The other group of results to be discussed is an oxidation quent spallation under thermal cycling conditions. Actually,
of Nicalon™ fibers with coatings derived from diluted sols. no spallation of the Zr@coating derived from diluted sols
As one can see fromigs. 1-3 the oxidation rates of these ~ €xposed to air at 100@ was observed, as one can see from
coated Nicalof™ fibers are only slightly lowered in com-  Fig. 8
parison with those of uncoated Nicalh fibers pretreated The third group of results is connected with the behav-
by water. It is no unexpected result and two reasons must beior of Nicalon™ fibers coated by oxides derived from undi-
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luted sols and exposed to air at 10@ As one can see from  tioned above, coatings that are obtained using Il type sols
Figs. 1-4arather strong slowing of oxidation of coated fibers exhibit more oxidation resistance in comparison with those
in comparison with uncoatedrig. 1, curve 1) is observed. that are derived from type Fg. 4). The reason of this be-
Further, a decrease in the oxidation rates is detected for fibershavior appears to be in the fact that the type Il sol exhibits an
coated with undiluted sol in comparison with those coated increased chemical homogeneity, the molecular scale mix-
with diluted for the same oxide(s) and the same number of cy- ing of Al and Zr ions and uniform green microstructure with
cles. A SEM observation of microstructures of these coatings better control of particle morphology. As a consequence, a
suggests that the formation of dense, porousless, glass-likenore homogeneous composition of coating is produced from
layers can be considered as main reason of slowing. this sol. In distinction from the type I, a mixture of separate
During exposition to air of oxide (ud)-coated fibers the in- Al,03 and ZrQ sols is no homogeneous one. It could be
ward diffusion of oxygen will proceed through several stages expected that lower level homogeneity of sols will result in
including oxygen diffusion through the dense oxide (ZrO the formation of coatings that are no uniform in composition,
Al,03 or ZrO,/Al,03) layer, then through the very thin sur-  microstructure and texture. The appearance of well-faceted
face SiQ layer to SiC, where the oxidation reaction occurs. crystals on the AlOs/ZrO, (type | sol)-coated Nicalor!
As product of oxidation, namely, silica is formed, oxygen fiber is one of an exhibition of non-uniformity. These crys-
must diffuse through it to arrive unoxidized SiC. Because of tals act as macro defects, break the homogeneity within
the oxidation rate is controlled by the slowest stage, the diffu- coating and decrease of the oxidation resistance of coated
sion through either the metal oxide or silica layer will be the fiber.
rate-limiting stage in dependence of the oxygen diffusivity
values.
It could be proposed that for ADs (ud)-coated NicaloH" 5. Conclusions
fibers the diffusion through the AD3 layer would be rate-

limiting one. Actually, an oxygen diffusivity in AlO3 and A study was conducted to examine the behavior of
mullite-like layer is much more slower than thatin amorphous Nicalon™ fibers with sol-gel derived alumina, zirconia and
SiOy, namely,~10~1°in comparison with~10-12 cné/s for alumina/zirconia interfacial coatings in air at 10@. Some

amorphous Si@at 1000°C (see, e.d?). The peculiarity of common and distinctive features of the behavior were de-
oxidation of the ApO3 (ud)-coated Nicaloh¥ fibers is in tected. In all cases the oxidation is satisfactorily described
the fact that the Am)2/m-time plot for this process does by the oxygen diffusion-controlled mechanism. Neverthe-
not obey to the linear dependence after several hours of ex-ess, some peculiarities of behavior of oxide interfacial coat-
position to air. The deviation may be attributed to the for- ings in dependence on type oxides and their prehistory were
mation of crystalline mullite-like phases in the &ls—SiQO, detected.

systen132 The oxygen bulk diffusivities in AlO3 and The microstructures of oxide coatings derived from sols
mullite-like phases are the same order values and extremelywith low concentration of disperse phase and then exposed
small2° therefore it could be proposed that the diffusion pro- to air at 1000°C are columnar ones, long open pores directed
ceed mainly along the grain boundaries. As a consequencenormally to the surface and in some cases, nanosized cracks

it is strongly dependent on the microstructure of the@y- present. These microstructures provide a diffusion of oxygen
based coatings. The formation of large well-developed crys- inward to the fiber-coating interface along grain boundaries
tals and dendrites appear to slow the diffusibig( 7c). and cracks and this mechanism appears to be predominant at
As one can see frorRigs. 2 and 3the Zr& (ud)-coated as low temperature as 1000. As a result, an effectiveness
Nicalon™ fibers are oxidized faster than the,®s (ud)- of the interfacial coatings derived from sols with low con-

coated fibers. This result is not unexpected because of oxy-centration of disperse phase to protection of underlying fiber
gen diffusivity in Zr& is much faster than that in alumina or  from further oxidation is not so high. The oxidation rates of
mullite and corresponds to 1®cm?/ at 1000°C.2° No devi- Nicalon™ fibers with the interfacial alumina, zirconia and
ation of the Am)2/m-time plot from linear dependence was alumina/zirconia coatings exposed to air at 100Gre only
observed. It suggests that the mechanism of the oxidation ofslightly differed from each other. It was demonstrated that
ZrO, (ud)-coated NicaloR" fibers appears notto be changed the oxide-based interfacial coatings are distinct in their mor-
as time of exposure to air is increased. Although the interac- phology, defects and adherence to fiber. From this point of
tion of ZrO, with SiO, at 1000°C resulting to the formation  view, the ZrQ coating appears to be considered as a higher
of ZrSiO4 must not be excluded according to Luecke ef4l.,  quality one.
the presence of this phase in coating was no demonstrated The interfacial coatings derived from sols with high con-
using XPS and XRD analysis in this study. centration of disperse phase retard the oxidation Nic&on
The other result to be discussed is the dependence of oxfibers in a greater extent than those derived from diluted sols.
idation resistance of AD3/ZrO»-based coatings on sol-gel But the presence of defects within coatings can decrease the
routes that are used for their formation. Early it was reported strength of coated fibers and facilitate an access of oxygen
by Karakchiev et af® that the properties of sols derived by to the fiber-coating interface. Not only concentration of dis-
different ways are distinctive from each other. As was men- perse phase but a water as a disperse medium of aqueous
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oxide-based sols bring influence on the following behavior 10.

of oxide-coated Nicaloh fibers in air at elevated tempera-
tures.

It was found that the oxidation resistance of Nicdldn
fibers with ALbO3/ZrO»-based coatings depends on sol-gel
routes that are used for their formation. A higher level of

homogeneity of sols results in the formation of coatings that 12.

are uniform in composition, microstructure and texture and
as a consequence, are more oxidation resistant.

The approach based on using of aqueous-based oxide sols; 3.

to fabrication of thin coatings on Nicalon fibét is inex-

pensive, accessible and environment-friendly one. It allows
us to produce very thin, uniform, adherent and defectless ox-
ide interfacial coatings. This is because of higher level of
homogeneity of the initial sols the properties of whose can

be readily managed by dilution, number of cycles and other 15.

parameters of process. It should be noted that further study
is necessary to optimize the process for fabrication of high
oxidation resistant coated NicalB¥ fibers.
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