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Abstract

Sols of alumina, zirconia, titania and their mixes may be used as simple and readily processable precursors for ceramic interfacial
coatings on SiC-based NicalonTM fibers. The morphology, composition and tensile properties of coated fibers were evaluated

for different systems in dependence of processing conditions by SEM, XPS, XRD analysis. All coatings obtained are uniform,
continuous and adherent to substrates. They are distinguished by their morphological features, tensile strength, thermal resistance
and compatibility with fiber. The peculiarities of the behavior of oxide-coated fibers are governed by the properties of initial sols,
procedure for coating fabrication, chemical and nanostructural factors.

# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Silicon carbide-based ceramic matrix composites
(CMCs) are leading candidate materials for high-tem-
perature structural applications such as heat exchangers
and advanced gas turbine engines.1 It is well established
that the mechanical properties of CMCs strongly
depend on the fiber–matrix bonding. The improvement
of the mechanical properties of CMC’s is achieved
through the interposition of interphase materials such
as carbon and hex-BN. The carbon and hex-BN inter-
facial coatings on the fibers exhibit some instability in
oxidizing environment.2�4 There is a strong interest to
study the feasibility of utilizing oxide interphase mate-
rials that are chemically stable towards an oxidizing
environment.
A modern concept of interphase design is based on

multilayered system consisting of several layers, one of
which is a refractory oxide. Refractory oxide fiber coat-
ings are most commonly used on oxide fibers. The
application of oxide fiber coatings on silicon carbide
based fibers has generally been avoided because these
fibers can react with oxide coatings. However, there are
several examples of refractory oxides used as promising
candidates coating materials.5�8 Callender et al.5 have
produced metal-doped alumina coatings on SiC and
carbon fibers. The coatings derived from alumoxane
precursors were uniform and stable to thermal cycling
under air at 1000–1400 �C and during repeated ther-
mal cycling. The oxidation of the SiC fiber substrate
was not detected. A group of interfacial materials
including calcium-, lanthanum-doped aluminates has
been proposed by Cinibulk.6 The interlayers were not
only oxidation resistant, but chemically compatible with
composite constituents. ZrO2 coating on ceramic fiber
substrates such as Hi-NicalonTM was deposited and
characterized by Borst et al.7 They showed that the
ZrO2-coated fiber clothes remained flexible, suggesting
that the fibers did not become significantly embrittle
during the coating process. Lara-Curzio et al.8 reported
an effective interphase system for SiC fiber consisting of
SiO2/ZrO2/SiO2 layers. After a 10 h oxidation treatment
at 960 �C the SiO2/ZrO2/SiO2 interphase exhibited
excellent chemical stability as evidenced by the pre-
servation of their sharp interphase boundaries. No dif-
fusion of silicon and zirconium within multilayered
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structure, as well as no carbon as an impurity phase in
interphase region was observed.
The aim of the present work is (1) to study the parti-

cularities of the formation of refractory oxide interfacial
coatings on NicalonTM fibers by sol-gel technique and
(2) to characterize the barrier coatings on NicalonTM

fibers. ZrO2, TiO2, Al2O3, and their double oxides are
the most promising candidates for interfacial coatings.
Sol-gel process is one of the most convenient and low-
cost techniques to produce oxide coatings.9 This is
because of the possibility of using liquid solutions to
fabricate films with an extremely wide range of chemi-
cal composition, structure, texture and porosity in
dependence on processing variables. Solution-based
precursors allow accurate stoichiometric control and
convert to desired phases at low temperatures upon
decomposition.
2. Experimental procedure

2.1. Coating preparation

Precursors for oxide and complex oxide nanosized
coatings were the sols of hydrated aluminium oxide
(HAO), zirconium dioxide (HZDO), titanium dioxide
(HTDO) and their binary mixtures. The sols were syn-
thesized electrochemically from aqueous solutions of
metal oxychlorides. Before coating procedure the sols
were aged for 2–3 months. Binary sols were prepared by
mixing the corresponding sols in 1:1 (mol.) ratio at
intensive stirring and were used to coating process after
a 5 min. The concentration of dispersive phase was
varied by diluting. Rheological characterization of
initial sols was performed on rotary viscometer ‘‘Reot-
est-2.1’’ at 25 �C, with a concentric cylinder geometry.
Shear measurements were performed at 1–1000 s�1 by
incrementing the shear rate and measuring the shear
stress after a determined equilibration time at each
shear rate. For rheological studies the sols were
concentrated by water evaporation at 40 �C.
NicalonTM NLM202 (Nippon Carbon) SiC based

woven fabric was used as substrate for oxide interfacial
coatings. Before deposition, the fibers were desized
according to standard procedure. The fabric was
immersed for 24 h in 50:50 acetone/ethanol mixture in
order to remove the sizing agent, then fibers were ther-
mally treated in air at 450 �C and vacuum at 960 �C for 1 h.
The coating process was based on the dipping of

NicalonTM fabrics into sols of hydrated oxide metals.
To increase coating thickness, multiple depositions were
used with drying at ambient temperature in air and then
at 960 �C in vacuum or argon between depositions. The
major drawback of solution-based coating process is a
difficulty in obtaining bridge-free coatings. Special
technique analogous to infiltration process allowed us
to minimize the fiber bridging problem. The technique
was applied to wetted fabrics to displace excess coating
solution that is normally retained betweenmonofilaments
within a tow bundle after dipping in sols.

2.2. Coating characterization

X-ray diffraction (XRD) measurements were con-
ducted using monochromatic Cu-Ka radiation with
DRON-3 diffractometer (Russia). Scanning electron
microscopic (SEM) analysis was carried out using a
JSM T-20 (Jeol) and BF-350 (Tesla) with a resolution of
5 nm.
The electronic structure of coatings was characterized

by XPS using a VG ESCALAB spectrometer equipped
with facilities to obtain the surface depth profile. XPS
spectra were recorded using Al-Ka irradiation and cali-
brated against Au4f7/2 (BE=84.0 eV) and Cu2p3/2
(BE=932.7 eV) lines. All spectra are presented in bind-
ing energy scale that was obtained with respect to C 1s
peak of carbon at 285.0 eV. For spectroscopic analysis
of electron spectra the original software CALC was
applied to extract the detailed information about
electron structure of materials.

2.3. Tensile strength measurements

Room-temperature tensile tests of the individual fila-
ments were performed in ambient atmosphere using a
fiber testing machine FM-27 (Hungary). Single fibres
were glued with epoxy resin on a tab holder. The side
portions of tab were cut with a hot wire just before
application of the load. Measurements were carried out
at a constant crosshead speed of 1.2 mm/min, the gauge
length was 10 mm. A load cell with a sensitivity range of
50 cH was used to measure the failure load. Ten fila-
ments of each type of fibers were tested. The average
diameter of each type of fibers was measured prior to
tensile testing by laser interferometry.
3. Results

3.1. Rheological properties of sols

One can see from Fig. 1a, b, c that the rheological
properties of the initial sols are notably distinct from
each other. The dependences of effective viscosities of
HZDO on shear strain for different concentrations are
represented in Fig. 1a. It appears that a small (up to
�20% mass loss of water) increase of the sol concen-
tration leads to a substantial increase of viscosity, espe-
cially at deformation rate below 500 s�1. The viscosity
of the initial HAO sol is small and only slightly depen-
dent on the deformation rate. Concentrating HAO sol
by water evaporation has an effect on the character of
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flow only when more than 70% (wt.) of water is lost.
The sol loses fluidity at about 80% (wt.) loss of water.
For aged HTDO sol, rather weak non-linear increase in
the equilibrium transverse strain with an increase
in deformation rate is observed within the whole inves-
tigated range (Fig. 1c). Newton character of flow in the
aged HTDO sol is conserved after its concentrating
(water loss of 70–80% wt.). Thus, a characteristic fea-
ture of the aged sol is insignificant degree of structuring.
An increase of the number of dipping-annealing
cycles up to three leads to a monotonous increase of the
fiber mass (Fig. 2). Further cycles give almost zero mass
gain. Moreover, for Al2O3 and Al2O3/ZrO2 coatings,
the monotonous character of the dependencies is dis-
torted, which could be connected with the peeling and
crumbling of coatings.

3.2. SEM and XRD analysis

The SEM micrographs from the surface of the Al2O3-
coated NicalonTM fibers after one cycle dipping-anneal-
ing are shown in Fig. 3a, b, c. The coating derived from
dilute alumina sol is very smooth, thin, rather uniform
over diameter of monofilament. A higher magnification
reveals that the alumina particles are platelets (Fig. 3b).
They are more aligned parallel to the fiber surface. The
other features of the alumina coating are texturization
and porosity. The size of particles and pores, deter-
mined from the SEM micrographs with the Image-Pro
Plus software, is about 30–50 nm. However, there are
macro pores in the coating of some filaments. No fiber
bridging, no spalling of coating was observed. The
thickness of coating after the first cycle, determined by
SEM, is 0.08–0.1 mm. An increase of the number of
cycles leads not only to the increase of the thickness
of coating till about 0.12 mm for three cycles but also to
the change of the morphology. The appearance of non-
uniformities shaped as crystallized traces of coating sol
that was retained between fibers within a tow bundle is
seen on the surface of some filaments (Fig. 3c). The
alumina coating remains X-ray amorphous even after
six dipping-annealing cycles.
The SEM micrographs of the surface and cross-sec-

tion of ZrO2-coated NicalonTM fibers are shown in
Fig. 4a, b. The coating on NicalonTM fiber of the 0.08–
0.1 mm thickness is composed of round particles about
Fig. 1. The dependences of effective viscosities of sols on shear strain

for different concentrations: a—ZrO2; b—Al2O3; c—TiO2.
Fig. 2. Plot of mass gain of coated fiber versus the number of dipping-

annealing cycles.
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30–50 nm in size. Pore size determined from SEM
images is also about 30–50 nm. It is a free-crack coat-
ing. One can see from Fig. 4b, that there is a sharp bound-
ary between coating and fiber. No macro defects such
as bubbles and fiber bridging were observed. According
to XRD analysis, the appearance of a mixture of the
monoclinic and tetragonal modifications can be detec-
ted after the third cycle (Fig. 5a).
The morphology of the Al2O3/ZrO2 coating on Nica-

lonTM fiber is analogous to that of the ZrO2 coating. It
is dense and nanosized (Fig. 6). There are macro non-
uniformities on the surface, shaped as craters with the
walls built of well faceted crystals. After the sixth dip-
ping-annealing cycle, only peaks belonging to the tetra-
gonal ZrO2 phase are observed in X-ray diffraction
patterns (Fig. 5b).
The SEM images of the TiO2 and Al2O3/TiO2 coat-

ings derived from corresponding dilute sols are shown
in Fig. 7a and b, respectively. The appearance of a
mixture of anatase and rutile phases in the coating
derived from undiluted TiO2 sols became detectable by
XRD analysis only after several dipping-annealing
cycles (Fig. 8a). The coating derived from dilute TiO2
sol is the X-Ray amorphous one. The main feature of
the Al2O3/TiO2 coating is the presence of anatase only
instead of mixture of anatase and rutile phases (Fig. 8b).
Fig. 3. SEM images of the Al2O3-coated Nicalon
TM fibers.
Fig. 4. SEM images of surface (a) and cross-section (b) of ZrO2-

coated NicalonTM.
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The composition of coatings obtained by dipping of
NicalonTM in mixture of TiO2 and ZrO2 sols is repre-
sented by ZrTiO4, the appearance of this phase being
detectable after several dipping-annealing cycles by
X-ray diffraction.
The treatment of oxide coated Nicalon fabrics under

high-vacuum and high-temperature (1200 and 1350 �C)
for 2 h results in a coarse-grained radial textured struc-
ture of coated fibers (Fig. 9a). The surface morphology
of Al2O3/TiO2 coated NicalonTM fiber is changed
slightly at high-temperature treatment (Fig. 9b).

3.3. XPS analysis

XPS survey spectra recorded from desized and coated
NicalonTM fabrics revealed carbon, silicon, oxygen, zir-
conium, aluminum as main components. After correct-
ing the intensities of C1s, O1s, Si2p, Al2p and Zr3d5/2
photopeaks for their atomic sensitivity factors (ASF)
the composition of surface of fabrics could be eval-
uated. The elemental compositions and binding energies
(BE) for the Al2O3-, ZrO2-, Al2O3/ZrO2-coated Nica-
lonTM fabrics are presented in Table 1. It should be
noted that the reported compositions should be con-
sidered as indicative of mean values because of differ-
ences between various batches of NicalonTM fibres. One
can see from Table 1 that the common feature of coat-
ings is the presence of silicon dioxide as main compo-
nent. The compositions of the Al2O3/ZrO2 coatings
obtained by different ways only slightly differ from each
other. Asymmetry of the C1s, Si2p, and O1s peaks show
that these signals do not correspond to unique chemical
Fig. 5. XRD data of coated NicalonTM fibers: a—ZrO2; b—Al2O3/

ZrO2.
Fig. 6. The Al2O3/ZrO2 coating on Nicalon
TM fiber.
Fig. 7. SEM images of coated fibers: a—TiO2; b—Al2O3/TiO2.
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state and several phases present in the surface layer.
Asymmetry and slight shift of the O1s photopeak for
oxide-coated NicalonTM fabrics in comparison with
uncoated NicalonTM are an evidence of the presence of
several oxide phases in coatings (Fig. 10a). The feature
became noticeable especially for ZrO2-coated Nica-
lonTM. The appearance of the O1s photopeak (530.5 eV)
as shoulder in the spectrum of ZrO2-coated Nicalon

TM

indicates the presence of ZrO2 together with SiO2
(Fig. 10b). The location of the O1s peak is in a good
accordance with the value reported by Moulder et al.10

for ZrO2. Asymmetry of the peak at 530.5 eV is absent
and it is an evidence of unique zirconium oxide form.

3.4. Tensile strength of coated NicalonTM fibers

Results of tensile strength testing of coated and
uncoated NicalonTM fibers are represented in Fig. 11.
The procedure of removing the sizing agent appear to
cause a decrease in the strength of NicalonTM fiber.
Moreover, the failure strength of desized and thermal
treated in argon NicalonTM fiber is lower than that of
only desized fiber. The coating procedure results in the
succeeding decrease in strength of single-filaments. One
can see, that increasing the number of dipping-anneal-
ing cycles is followed by an appreciable decrease in ten-
sile strength of coated single-filament for each type of
coating. Strength of monofilaments with coatings is also
dependent on the concentration of sol which is used to
deposit the coating. Monofilaments with the coatings
obtained from diluted Al2O3 sols exhibit strength that
differs only slightly from that for the initial fiber but
exceeds that for the coated fibers obtained from non-
diluted sols. A similar dependence of strength on the
concentration of the sol is observed also for Al2O3/TiO2
coatings on NicalonTM (Fig. 11).
4. Discussion

As we can see above, using the sols of hydrated oxides
of aluminum, zirconium, titanium and their mixtures
makes it possible to produce very thin, uniform, nano-
structured ceramic coatings on NicalonTM fibers. This
coating technique relies on wetting of fiber cloth by sols.
It is known that on the Nicalon fiber surface the layer of
SiO2 is present.

11 A key characteristics of the SiO2 sur-
face is that the so-called residual valences react with
water, so that at room temperature the surface becomes
coated with silanol (SiOH) groups.12 The wetting of the
fiber surface is provided by the physical adsorption due
to Van-der-Vaals forces and chemisorption due to
interaction of chemically active functionalities on the
surface of NicalonTM fiber such as SiOH groups and
the hydrated particles of sols. The electrostatic attrac-
tion between the positively charged MeOn particles and
the negatively charged fiber cloth surface is also to be
taken into attention. The adherence of sol-gel derived
oxide coatings to fiber is affected by all of the processing
stages: coating solution preparation, deposition and
drying, thermal treatment.9 Among many factors
affecting microstructure of a coating, chemical and
Fig. 8. XRD data of coated NicalonTM fibers: a—TiO2; b—Al2O3/TiO2.
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rheological properties of the initial sols are most
essential.
Previously, it was shown by Zima et al.13 that the

primary particles in the ash of hydrated zirconium
dioxide were spherical with the diameter of 2–3 nm.
While concentrating, the viscosity of zirconium oxide
sol increases sharply even at not very high concentrating
extent. This is accompanied by polycondensation reac-
tion with the removal of water. Due to the continued
condensation reactions, the semi-rigid network becomes
more cross-linked. Such a condensation process is char-
acteristic of hydroxo-aquo precursors ([Me(OH)x-
(OH2)N-x]

(z-x)+).14 Hydroxo-bridges are formed through
oxygen atoms from hydroxyl groups. At lower tem-
peratures condensation among hydroxyls located pri-
marily within the skeleton is the predominant
mechanism. In contrast, surface hydroxyls are involved
at higher temperatures. As the curing temperature
increases, the double hydroxyl bonds in the polymeric
structure are converted to oxo bonds [i.e., Zr–O–Zr].
Such a behavior of the system leads to insignificant
shrinkage of the coating and the formation of porous
and thick coatings composed of zirconium oxide. The
thickness of the resulting coating is about 0.1 mm, as
was determined with help of SEM analysis.
As was mentioned above, multiplying the number of

repeated dipping-thermal treatment cycle leads to the
formation of a ZrO2-based coating on Nicalon

TM, con-
sisting of a mixture of the monoclinic and tetragonal
phases (Fig. 5a). The observation of metastable tetra-
gonal ZrO2 phase below the monoclinic-tetragonal
transition temperature (approximately 1200 �C) was
reported in several works.15�17 It was shown that the
stability of tetragonal ZrO2 results from lattice defects,
specifically oxygen vacancies, created upon crystal-
lization from alkoxide and zirconyl chloride solutions.
A sufficient decrease in the number of these vacancies
due to heat treatment in the presence of oxygen facil-
itates the instability in the metastable tetragonal phase
and the following t!m transition.15 An analogous
phenomenon was observed not only for monolithic
ceramic specimens but also within the CVD ZrO2
Fig. 9. SEM images of coated fibers treated at 1350 �C: a—the Al2O3/ZrO2 and b—Al2O3/TiO2.
Table 1

Elemental atomic compositions and binding energies for coated NicalonTM fibers
Specimen
 Composition (at.%) binding energy (eV) between ( )
Si
 C
 O
 Al
 Zr
Initial Nicalon
 23.20
 13.37
 63.44
(103.6
 285.0
 533.0)
Al2O3-coated Nicalon
 21.20
 19.71
 57.80
 1.30
(103.1
 285.0
 532.3
 75.1)
ZrO2-coated Nicalon
 14.96
 26.87
 52.90
 5.26
(103.4
 285.0
 530.5
 182.6)
532.6
Al2O3/ZrO2-coated Nicalon
a
 18.72
 19.10
 60.21
 0.19
 1.79
(103.1
 285.0
 532.4
 74.9
 182.6)
Al2O3/ZrO2-coated Nicalon
a
 18.72
 20.45
 58.56
 0.28
 1.99
(103.2
 285.0
 532.4
 75.0
 182.8)
a Obtained by different ways.
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coating on SiC fiber by Li et al.18 Besides above-
mentioned factors the influence of support, namely, SiC
fiber and also free carbon presenting as an impurity in
coating on the mechanism of tetragonal ZrO2 phase
nucleation must be taken into consideration.
Quite different behavior is observed during the for-

mation of alumina coating. One can see in Fig. 2 that
the viscosity of the sol changes only slightly till high
concentrating extent. This may be due to the formation
of the more-open, less-cross-linked network. Such
behavior leads to the formation of flat crystalline Al2O3
particles directed parallel to the fiber surface. The coat-
ing conserves its X-ray amorphous character even after
six impregnation-annealing cycles, so it is difficult to
identify the formed modifications of aluminium oxides.
These morphological peculiarities appear to be the rea-
son for enhanced strength of Al2O3 coated Nicalon

TM

fiber in comparison with as-received one. Earlier analo-
gous interfacial behaviour was observed for ZrO2 coat-
ing on SiC fiber by Li et al..18 They noted that the fiber
tow failure load was not degraded because (1) the over-
all thickness was below 100 nm, and (2) the fiber surface
was not covered continuously by ZrO2.
According to XPS data, the composition of Al2O3/

ZrO2 coating is represented by a mixture of zirconia and
alumina. In accordance with XRD analysis, the coating
obtained after five impregnation-annealing cycles con-
tains only tetragonal modification of ZrO2, no peaks
belonging to monoclinic phase was observed. The sta-
bility of tetragonal ZrO2 particles in ceramic matrixes
was considered thoroughly by Heuer et al.19,20 They
showed that the stability of tetragonal ZrO2 in Al2O3–
ZrO2 composites is due to a ‘‘critical’’ size of ZrO2 par-
ticles that can be transformed into monoclinic phase
and larger particles undergo the martensitic t!m
transformation more readily than do smaller particles.
The presence of Al2O3 phase in coating can inhibit the
grain growth of ZrO2 particles, thus resulting into sta-
bilization of tetragonal phase. The chemical effects,
namely, a larger solubility for Al2O3 in t-ZrO2 than in
m-ZrO2 cannot be disregarded at this time.
As mentioned above, we observed the appearance of

macro non-uniformities in the coating, shaped as well
faceted crystals (Fig. 6). According to phase equilibria
of the Al2O3–ZrO2–SiO2 system,21 no ternary com-
pounds and solid solutions of any detectable con-
centrations are formed. The appearance of macro
non-uniformities can be connected with the formation
of mullite as result of interaction of Al2O3 and SiO2 that
is present on the NicalonTM surface (Table 1). Accord-
ing to,21 mullite is crystallized often as needles. The
formation of zircon phase in the temperature range up
to 1000 �C is unlikely. As was mentioned above, due to
close values of BE O1s for SiO2 and Al2O3 it is difficult
to draw a conclusion from the XPS results about nature
of interfacial layer.
The peculiarity of the ZrO2–TiO2 coatings on Nica-

lonTM fiber is the presence of the ZrTiO4 phase. Early,
Newport et al.22 thoroughly studied the ternary ZrO2–
TiO2–SiO2 xerogels having various Zr:Ti:Si ratios and
found that only system with a minority of Zr shows the
presence of phase separation attributed to the formation
of ZrTiO4. In systems with higher zirconium content the
crystallization of ZrO2 phase was observed. In our work
the sol-gel processing conditions appear to provide
direct crystallization into ZrTiO4 at temperature lower
than 1000 �C. Despite the fact that the Zr:Ti ratio in the
mixture of the initial sols was about 1:1 the real Zr:Ti
ratio in coating might be different due to (i) different
rheological properties of the zirconia and titania sols
and (ii) different character of interaction of the initial
sols with NicalonTM fiber as support.
Further investigations of the ZrO2–TiO2 coatings on

NicalonTM fiber are necessary to evaluate the role of the
ZrTiO4 phase for thermal stability of the coated fibers.
It is known that the phase transition in ZrTiO4 can
occur at about 1125 �C with a small (�0.3%) increase in
Fig. 10. XPS for NicalonTM fiber: a—O1s photopeaks of the initial

NicalonTM (1); Al2O3-coated (2); ZrO2-coated (3); Al2O3/ZrO2 -coated

by different ways (4,5); b—O1s deconvoluted photopeak for ZrO2-

coated NicalonTM.
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volume.23 The other undesirable feature of this coating
is the appearance of crystals, the sizes and number of
which are increased with raising temperature. Crystals
constitute rigid inclusions acting as defects and break
the homogeneity within coating. This appear to result in
low values of tensile strengths of the ZrO2–TiO2 coated
fibers.
Unlike the mentioned above system, the sol-gel pre-

paration of coating from mixture of HAO and HZDO
sols resulted into a separate crystallization of Al2O3 and
TiO2 phases. The formation of Al2TiO5 at temperatures
as low as 1000 �C was not detected. Early it was noted
by Andrianainarivelo et al.24 that aluminium titanate
can be obtained at low temperatures when homo-
geneous gels has been formed. An absence of direct
crystallization of Al2TiO5 and the intermediate form-
ation of alumina and titania appear to be due to a non-
homogeneous sol that is formed after mixing of the
initial HAO and HZDO sols. Heating of coated fibers
up to 1300 �C for obtaining of Al2TiO5 by solid state
reaction between Al2O3 and TiO2 phases within coating
did not yield positive results. According to Freudenberg
et al.25 this solid state reaction becomes noticeable only
at temperatures higher than 1300 �C. Karakhchiev et
al.26 also observed the crystallization of separate oxide
phases instead of Al2TiO5 during thermal treatment of
binary alumina-titania sol that was obtained by direct
electrochemical synthesis. It must be concluded that
additional studies are required to obtain homogeneous
binary hydrated alumina–titania sol.
The peculiarity of the Al2O3–TiO2 coatings is the

presence of only one phase, namely, anatase instead of
mixture of the anatase and rutile phases that were
observed in the TiO2 based coating on Nicalon

TM fiber.
The stabilization of low temperature TiO2 phase seems
to be connected with the presence of alumina which can
inhibit the growth of the TiO2 particles to critical size as
it was observed above for the Al2O3–ZrO2 system.
Inclusions can also inhibit the anatase- rutile transfor-
mation.21 Lower tensile strengths of monofilaments
with the Al2O3–TiO2 coatings derived from undiluted
sols in comparison with those derived from diluted ones
can be connected to more rough microstructure,
namely, rather large crystals within coating (Fig. 7b).
5. Conclusion

Sols of alumina, zirconia, titania and their mixes may
be used as simple and readily processable precursors for
ceramic interfacial coatings on SiC-based NicalonTM

fibers. The peculiarities of morphology, composition
and tensile properties of coated fibers were evaluated for
different systems in dependence of processing condi-
tions. All coatings obtained are uniform, continuous
and adherent to substrates. They are distinguished by
Fig. 11. Coated NicalonTM monofilament tensile strengths measured at room temperature.
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their morphology, tensile strength, thermal resistance
and compatibility with fiber. The peculiarities of the
behavior of oxide-coated fibers are governed by
the properties of initial sols, procedure for coating
fabrication, chemical and nanostructural factors. The
important factor determining the behavior of the systems
oxide coating—NicalonTM fiber is silicon dioxide which
is present on the surface of initial NicalonTM fiber.
The obtained results allow us to consider the oxide-

based coatings as candidates for interphases for appli-
cations in ceramic matrix composites.
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