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Abstract

Metal ion-doped zinc-orthosilicate crystalline glaze was overlain on a-Al,O3 polycrystals at 1270 °C followed by optional devitrification
at 1080 °C for cross sectional electron microscopic characterization. An interlayer of gahnite spinel islands with varied Cr-dopant level,
possibly in a formula of Zn(CrAl),0,4, was found to develop nonepitaxially at the glaze/substrate interface and follow parabolic growth
kinetics due to outward diffusion of Al into the glaze. The spinel islands tended to coalesce with each other to form subgrain boundaries and
were occasionally encompassed as nonepitaxial particles within the predominant willemite («-Zn,SiO,) crystals in the glaze. A secondary
Co- and Ti-containing gahnite spinel, possibly in a formula of (ZnCoAl)(TiCoAl),0,4, was found to nucleate epitaxially at the {111}
junctions of the spinel islands when the glaze was further devitrified at 1080 °C. There is negligible glaze infiltration into the substrate or
thermal-mismatch induced cracking across the interphase interface, implying potential thermal bonding/sealing applications of the present

glaze for alumina-based ceramics.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The addition of ZnO and some nucleation agents, such as
titanic acid [1], to the silicate melt has been commonly used to
fabricate partially crystallized ware glaze tailored with
brilliant lath-like crystals of willemite (a-Zn,SiO4) [2]. The
crystalline ware glaze has a rather complicated crystallization
behavior due to the thickness constraint and the viscous flow of
the glaze on the pottery bodies which are typically polycrystal-
line ceramic materials made from clay minerals enriched with
an Al,O; component. Recently, electron microscopy and
nondestructive confocal imaging techniques with submicron
spatial resolution capability have been used to reveal fine
details of the amorphous phase separation region at the center
of the spherulites and at the interface of impinged spherulites in
terms of lath-like willemite crystallites [3]. (Under the
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constraint of the glaze thickness, the willemite crystallites
were found to develop into flattened spherulites, which consist
of lath-like crystals growing in the order of
0001>(1010)>(2110) and viable for coales-
cence over the (2 1 T 0) habit plane [3].) Thermal cycle
etching of willemite (0 0 0 1) due to the underlying effects of
surface premelting, dislocation outcrops and polygonization
was also studied [4]. However, the extent of interdiffusion that
affects the formation of the bonding interlayer at the glaze/
substrate interface and thermal-mismatch induced cleaving-
healing, if any, among the co-existing phases were not
reported.

Solid-state diffusional coating on polycrystals commonly
causes a diffusion zone with specified phase assemblages and
crystallographic relationships [5-9]. Defect clusters may also
occur for ionic crystals if aliovalent or size-mismatch ions
are involved in the diffusion couples [10]. The composite
thus formed at high temperatures may be vulnerable upon
cooling to have further phase and/or microstructural changes.
For examples, thermal mismatch of co-existing phases [11]
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and polymorphic phase change of a dispersed phase [12]
were found to cause extensive cleaving and spontaneous
healing of the matrix phase. The cleaving—healing process
also accounts for (h k [)-specific precipitation in some natural
minerals, such as rutile in garnet of crustal metamorphic rock
[13] and ultra-high pressure terrane [14]. The reequilibration
of solids in the presence of a fluid phase was further
elucidated to involve the generation of porosity in the
product phase and interface-coupled dissolution—reprecipita-
tion [15]. It is of interest to find out whether a bonding
interlayer of specific phase and defect microstructures can be
formed when a molten zinc-orthosilicate glaze is overlain on
a ceramic substrate.

Here we report the formation of a special kind of spinel
interlayer when a metal ions-doped zinc-orthosilicate glaze was
overlain on «a-Al,O; polycrystals. We focused on: (1)
directional diffusion-controlled nucleation and growth of the
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islands of Cr-containing gahnite spinel in the interlayer; (2)
nonepitaxial incorporation of the spinel islands into willemite
that was predominantly crystallized in the glaze; (3) the
occurrence of a secondary spinel that was dissolved with
various metal ions and nucleated epitaxially at specific surface
junctions of the spinel islands when the glaze was further
devitrified at a specified supercooling condition; and (4) rather
limited glaze infiltration into the substrate and negligible
thermal-mismatch induced cracking/cleaving for potential
thermal bonding applications.

2. Experimental

The powdery glaze with 28.3Zn0O, 51.2Si0,, 4.1TiO,,
5.4Na,0, 4.1Ca0, 2.5K,0, 2.1TiO,, 1.2Co0 and 1.1A1,05 in
mol% was doped with 0.1 and 1 wt.% Cr,0O3 (Cerac, 325
mesh, 99.99% pure) in order to study the effect of Cr content
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Fig. 1. SEM (BEI) showing the cross section of zinc orthosilicate glaze (with 0.1% Cr) overlain on polycrystalline a-alumina at 1270 °C for 1 h followed by
devitrification at 1080 °C for 5 h. The corresponding point-count EDX spectra were taken from Al,O3, Cr-containing gahnite spinel islands, amorphous glaze (AG)
and a-Zn,Si0,4 more or less with counts contribution from each other. Note some micron-sized spinel islands were encompassed in the coarsened a-Zn,SiOy crystal
and submicron-sized secondary spinel particles with bright contrast (indicated by an arrow) were nucleated from the faceted primary spinel islands (cf. text). The Pt

counts are due to platinum coating.
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Fig.2. SEM (BEI) cross section view of zinc orthosilicate glaze (with 0.1% Cr) overlain on polycrystalline a-alumina at 1270 °C for (a) 5 h, (b) 10 h, (c) 15 h and (d)
20 h showing progressive widening of the spinel interlayer by outward flux of Al (arrow) from a-alumina into amorphous glaze (AG) following a parabolic rate law

(cf. text).

on the formation of the chromium spinel interlayer when the
glaze was overlain on an alumina substrate at high
temperatures. The powders thus combined were thoroughly
mixed in de-ionized water in a beaker by magnetic stirrer and
then oven-dried at 110 °C for 2-3 h. The resultant slurry was
sprayed on a flat substrate of corundum (a-Al,O3) polycrystals
(prepared by solid-state sintering of Al,O3 powders (Cerac,
99.99% pure) at 1600 °C for 12 h) and then fired in an open air
furnace at 1270 °C for 1 h followed by cooling to room
temperature in the furnace. Alternatively, the slurry doped with
0.1 wt.% Cr and sprayed on the same substrate was fired at
1270 °C for 5 up to 20 h and then quenched in air to study
progressive widening of the spinel interlayer upon glazing. For
a comparison of the spinel phase, the glaze fabricated at
1270 °C for 1 h was further devitrified at 1080 °C for 5 h and
then cooled in the furnace.

The glaze samples overlain on a-Al,O3 polycrystals were
cross sectioned and then polished followed by platinum
coating for scanning electron microscopic (SEM, JEOL JSM-
6700F at 10 kV) study under back-scattered electron image
(BEI) mode coupled with energy dispersive X-ray (EDX)
analysis. Focused ion beam (FIB, SII NanoTechnology Inc.
SMI 3050, using Ga ion beam) was used to make 10 pm
thick sections across the glaze/substrate interface for
analytical electron microscopy (AEM, JEOL 3010 at
200 kV or 300kV) studies. Transmission electron micro-
scopy (TEM) based on selected area electron diffraction
(SAED) coupled with bright field image (BFI), dark field
image (DFI) and EDX was used to identify defect
microstructures and compositions of the individual crystal-

line phases. Lattice imaging coupled with 2-
D Fourier transform was used to characterize lattice
imperfections and fringe spacings of the epitaxial spinel
phases.

3. Results
3.1. Cross sectional SEM observations

Cross sectional BEI indicated the glaze samples overlain on
a-Al,O; polycrystals are ca. 80-100 wm in thickness
regardless of the Cr dopant level and firing conditions. Point
count EDX analyses on the glaze samples doped with 0.1
(Fig. 1) and 1 wt.% Cr (Appendix 1) further revealed the a-
Al,Oj3 substrate, the a-Zn,Si0Oy crystals in the glaze and an
interlayer of spinel islands at the glaze/substrate interface.
Some of the spinel islands turned out to be Cr-containing
gahnite according to later AEM analysis. The spinel islands
were more or less impinged with each other or with the
predominant a-Zn,SiO4 crystals in the glaze. Submicron-sized
secondary spinel with bright contrast in BEI due to dissolution
of various transition metal cations, as indicated by later AEM
analysis, was found to attach to the spinel islands. Such
secondary spinel particles were observed in the samples
subjected to devitrification at 1080 °C (Fig. 1 and Appendix 1),
but not in the sample quenched from 1270 °C (Fig. 2).
Prolonged dwelling for 5 up to 20 h at 1270 °C (Fig. 2) caused
progressive widening of the spinel interlayer due to outward
diffusion of Al as discussed later.
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3.2. AEM

The crystal structures, lattice relationship and defect
microstructures of the co-existing phases in the partially
devitrified glaze were further revealed by AEM. Fig. 3a
shows the TEM BFI of the a-Al,O; polycrystals in the
substrate and the spinel interlayer nearby. The BFI (Fig. 3b)
and corresponding SAED pattern (Fig. 3c) taken from
individual a-Al,O3 grainin the [I 1 0 1] zone axis indicated
the substrate does not have definite crystallographic relation-
ship with the spinel islands. High-angle grain boundaries and
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Fig. 3. TEM (a) cross section BFI of the spinel interlayer in zinc orthosilicate
glaze (with 1% Cr) overlain on polycrystalline a-Al,O3 at 1270 °C for 1 h
followed by devitrification at 1080 °C for 5 h, (b,c) and (d,e) BFI and corre-
sponding SAED pattern taken from the a-Al,O; and the spinel tilted to the
[1 T 0 1]and[I 1 0] zone axes, respectively. The double diffraction is denoted
as D in (e).

triple junctions characteristic to solid-state sintering
remained unchanged for the a-Al,Os; substrate regardless
of the firing conditions. EDX analysis (not shown) indicated
the «-Al,O; grains do not uptake appreciable alloying
elements from the glaze.

The spinel island formed at 1270 °C was identified by BFI
(Fig. 3d) and SAED pattern (Fig. 3e) to be of spinel structure
having well-developed {1 1 1} faces exposed to the amorphous
glaze as viewed edge on in the [1 1 0] zone axis. The {11 1}
faces of the spinel were also identified to be inclined when
viewed in the [1 1 1] zone axis (Appendix 2). These primary
spinel islands tended to coalesce with each other to show misfit
dislocations at the subgrain boundaries with rather complicated
diffraction contrast as indicated by BFI (Fig. 4a) and weak-
beam DFI (Fig. 4b).

Fig. 4. TEM (a) BFI and corresponding SAED pattern (inset with double
diffraction denoted as D) of the primary spinel particles having been coalesced
to have nearly the same orientation in the [1 1 0] zone axis, (b) weak-beam DFI
(g =1 T 3) of the spinel with dislocations at its subgrain boundaries (SGB).
The same specimen as in Fig. 3.
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Secondary spinel particles formed by devitrification at
1080 °C as mentioned were identified to follow parallel
epitaxial relationship with the primary spinel islands as
shown by the TEM BFI (Fig. 5a) and SAED pattern (Fig. 5b)
of a representative case. DFI using the superimposed (1 1 3)

diffractions of the two spinels (Fig. 5c) showed misfit
dislocations at the interphase interface. Lattice imaging
coupled with 2-D Fourier transform of the primary spinel
island (Fig. 5d) and secondary spinel (Fig. 5e), showed
further details of the dislocation-free interior with a (1 T 1)

= F ——17n
—

© 25 \V,f_l——q\ —=— Al
< \ ——Cr
o \
E 20 + \\. Ti
S5 X =10
o * . . \\ ——0

1 2 3

4 5 6

Fig. 5. TEM (a) BFI and (b) SAED pattern of submicron-sized Co- and Ti-containing gahnite secondary spinel (designated as SS) parallel epitaxially nucleated from

relatively large sized and Cr-containing gahnite primary spinel (designated as PS), (c) DFI (g =1 1 3 of PS and SS) showing misfit dislocations at the interphase
interface and defect clusters in PS not SS, (d) and (e) lattice images coupled with Fourier transform images (insets) from the square regions of PS and SS, showing
dislocation free interior with (1 T 1) d-spacings of 0.449 and 0.468 + 0.002 nm, respectively, (f) composition profiles across the PS/SS interface due to interdiffusion

(cf. text). The same specimen as in Fig. 3.
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Fig. 6. TEM (a) BFI and (b) SAED pattern of a primary spinel particle in the [1 0 1] zone axis which was encompassed nonepitaxially within a coarsened a-Zn,SiO4
crystal with strain contrast. (c) Lattice image of the spinel edge arrowed in (a) coupled with (d) 2-D Fourier transform of the square region showing dislocations with

half planes parallel to (0 10) and (1 1 ). The same specimen as in Fig. 3.

d-spacing of 0.449 and 0.468 £ 0.002 nm, respectively. The
composition profiles based on point-count EDX analyses (see
Appendix 3 for the representative EDX spectra) across the
interface of the two spinel phases (Fig. 5f) showed that the
spinel island is in fact Cr-containing gahnite possibly in a
formula of Zn(CrAl),0,4 whereas the secondary spinel with a
bright contrast in BEI (cf. Fig. 1 and Appendix 1) is Co- and
Ti-containing gahnite possibly in a formula of (ZnCoAl)(-
TiCoAl),O4 as discussed later in Section 4.1. There is
significant decrease of Al and Cr content accompanied with
the increase of Zn, Ti and Co content from the spinel island
toward the secondary spinel due to interdiffusion across the
interface.

The spinel islands also tended to be encompassed
nonepitaxially within the coarsened «-Zn,SiO, crystal.
Fig. 6a and b shows such a case where the incorporated
spinel was tilted to an exact zone axis for strong Bragg
diffraction in BFI, yet the a-Zn,Si0O4 host in poor orientation
with considerable strain contrast due to slight thermal
mismatch as discussed later. The spinel island remained
{11 1} faceted despite the constraint of the a-Zn,SiOy4 host.
Lattice imaging (Fig. 6¢) coupled with 2-D Fourier transform
(Fig. 6d) near the edge of thus constrained spinel showed
abundant dislocations having half plane parallel to its
(1 1 1) and (0 1 0) lattice planes.

4. Discussion
4.1. Structure formula of primary and secondary spinel

It is difficult if not impossible to do single-crystal X-ray
structural Rietveld refinement on the primary and secondary
spinel islands which are as small as submicron size with
varied dopant level and distributed only at the glaze/substrate
interface. Electron paramagnetic resonance (EPR) spectro-
scopic study of cation distribution and inversion parameter of
the spinel is also beyond the scope of this work. Nevertheless
point-count EDX analysis and electron diffraction of the
spinel phases in various zone axes gave unambiguous
chemical composition and lattice parameter, as compiled in
Table 1, for the following discussion on the possible
chemical formula and exact lattice mismatch of the spinel
phases.

The stoichiometric ZnAl,O, has normal spinel type
structure with Zn** and AI** in coordination number (CN)
of 4 and 6, respectively [16]. Such an ideal gahnite has
negligible degree of cation disorder according to thermo-
dynamic measurements [17,18] and experimental results
[19]. The present AEM results indicated some of the primary
spinel islands are Cr-containing gahnite, which is possibly in
a formula of Zn(CrAl),0, in view of recent crystal chemistry
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Table 1
Observed and refined d spacings for the primary and secondary spinels in
Fig. 5a.

Primary spinel Secondary spinel

hkl Obsd Refined Obsd Refined
111 0.470 0.470 0.488 0.489
220 0.287 0.288 0.298 0.299
311 0.247 0.246 0.257 0.255
222 0.235 0.235 0.245 0.244
400 0.205 0.204 0.213 0.212
331 0.187 0.187 0.194 0.194
422 0.167 0.166 0.174 0.173
511 0.158 0.157 0.164 0.163
440 0.144 0.144 0.150 0.150

The observed d spacings (nm) based on SAED patterns in various zone axis of
the epitaxial spinel particles in Fig. 5a are accurate within +0.002 nm. The
refined d spacings of the primary spinel (a = 0.815 nm) and secondary spinel
(a =0.847 nm) are also given.

study of Cr-spinel minerals [20]. The substitution of Cr**
(0.0615 nm) for ALY (0.0535nm) in CN 6 having their
effective ionic radii [21] in parenthesis would cause
distortion of the residence sites. It is noteworthy that
additional X-ray diffraction from a number of primary spinel
islands  (Appendix 4) gave a lattice parameter
(a=0.8085 + 0.0001 nm) nearly the same as that reported
for pure gahnite (a = 0.8086 nm, JCPDS file 74-1136). This
indicates that Cr content is rather limited or even negligible
for most of the primary spinel islands.

As for the secondary spinel, it is Co- and Ti-containing
gahnite possibly in a formula of (ZnCoAl)(TiCoAl);04. In
this connection, EPR spectroscopy results indicated that a
general formula of Co**-doped gahnite can be written as
IV[ZH]_xCOX_é‘ALg]VI[A12_3C05]O4, where x represents the
level of incorporated Co?* in the gahnite structure, and § is
the inversion parameter of the spinel structure [22]. (The
inversion parameter in fact increases with Co>* doping level
[22].) The additional Ti** dopant may prefer the octahedral
site in the oxygen framework of gahnite-based spinel
analogous to the case of rutile-type titania [13,14]. The
co-substitution of Ti** (0.0605 nm) and Co*>* (0.065 nm) for
APt (0.0535 nm) in CN 6 with effective ionic radii [21] in
parenthesis may be favored by a fair size mismatch and a
charge compensating effect. Detailed EPR study of cation
distribution is required to clarify whether such a substitution
scheme indeed occurs for the secondary spinel. In any case,
the cation-vacancy induced defect clusters are negligible in
the present spinel phases as paracrystalline distribution
of defect clusters would otherwise form like the
case of nonstoichiometric Cos;_sO4 [23] and Zr4+-d0ped
CO3,504 [10]

There are regularly spaced misfit dislocations at the
interface of the primary spinel (designated as PS) and the
secondary spinel (denoted as SS) due to a rather large lattice
mismatch &= (ass — aps)/aps. Such a constrained lattice
mismatch was calculated to be 4% according to the refined
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Fig. 7. Thickness as a function of firing time at 1270 °C for the spinel interlayer
between the metal ion-added orthosilicate glaze and alumina substrate indicat-
ing parabolic growth kinetics (cf. text).

lattice parameters (ass =0.815 nm and apg = 0.847 nm, cf.
Table 1) based on SAED patterns of the epitaxial spinel
particles.

4.2. Formation mechanism of primary and secondary
spinel

The primary spinel interlayer was formed by a directional
diffusion-controlled nucleation and growth process when the
glaze was molten on the alumina polycrystals. Such primary
spinel islands could be nonepitaxially nucleated at the alumina
grain boundaries for beneficial lower activation energy [24].
Alternatively, the ZnO,4 and AlOg units in the molten glaze as in
the case of calcium zinc aluminosilicate glasses [25], may cause
bulk nucleation of Cr-containing gahnite Zn(CrAl),O, crystals
having Zn** and Cr’* in tetrahedral and octahedral sites,
respectively. Since the original Al content in the glaze is less
than 2 wt.%, the primary spinel would not nucleate except near
the AI’* main source, i.e., the alumina substrate. The primary
spinel islands thus nucleated should have random orientation as
confirmed by XRD (Appendix 4).

Upon prolonged dwelling at the firing temperature of
1270 °C, the primary spinel islands were significantly
coarsened and accumulated as an interlayer (Fig. 2) following
parabolic growth rate law (Fig. 7), i.e., L(f) x "2 where L is the
thickness of the layer at a specified firing time (¢) [26]. Such
parabolic growth kinetics is justified by directional diffusion,
i.e., outward diffusion of AI** from the substrate and inward
supply of Zn** and Cr’* from the molten glaze to form the
spinel interlayer. The spinel growth rate was thus affected by
the viscosity of the molten glaze at 1270 °C, i.e., a considerably
supercooled condition comparing with the cotectic melting
points (1315 and 1425 °C) in the simpler ternary composition
of Si0,-Zn0-Al,05 [27]. It should be noted that molten silica
tended to infiltrate the alumina polycrystals along the grain
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boundaries [28]. The primary spinel interlayer however has
effectively restricted glaze infiltration as a silica liquid film
would otherwise form along the grain boundaries of a-Al,03
polycrystals. (The AEM-EDX spectra taken from the
substrate grain boundaries always showed Al and O counts
but no appreciable Si counts.) Apparently the spinel islands
more or less coalesced in a close packed manner have
effectively hindered the inward diffusion of Si as well as
other components, i.e., Zn, Ti, Co, Ca, Na, K, Cr from the
molten glaze. The outward diffusion of Al from the solid
substrate into the molten glaze appeared to be rapid enough
to cause instantaneous nucleation and growth of the
interlayer spinel in the glaze to control further diffusion.
This may be due to a higher grain-boundary diffusivity of
AI** than Si** in the a-Al,O5 substrate and/or the spinel
interlayer.

The secondary (ZnCoAl)(TiCoAl),O4 spinel particles
having parallel epitaxial relationship with the Cr-containing
ZnAl,O, spinel islands in the interlayer occurred only for the
glaze samples devitrified at 1080 °C regardless of the Cr
dopant level in the glaze. This indicates that the secondary
spinel particles were newly nucleated from the primary spinel
islands upon devitrification of the glaze. The {1 1 1} junction
rather than the well-developed {111} surface or less
developed {100} surface of the Cr-containing ZnAl,Oy4
crystal appeared to be the favorable nucleation site of the
secondary spinel. In this connection, it is of interest to note that
a diamond nucleation site responsible for epitaxial growth of
diamond on silicon by chemical vapor deposition was
identified in high-resolution TEM images [29]. The diamond
crystallites were found to grow partially epitaxially on
Si {111}, whereas perfect heteroepitaxially (parallel) at
{111} junction or 1° offat {11 1}/{1 00} junction of the Si
substrate [29].

4.3. Incorporation of spinel islands in coarsened willemite

Eutectic or cotectic growth, as allowed under specified
temperature and composition conditions of the SiO,—ZnO-
Al,O3 ternary [27], is expected to cause epitaxial composite
[24] and hence cannot explain the gahnite-based spinel
islands being encompassed nonepitaxially in willemite
(Fig. 6). Instead, the nonepitaxial incorporation of spinel
islands in willemite can be reasonably explained by a much
larger growth rate of willemite than the refractory spinel
oxide when they impinged in the molten glaze at 1270 °C.
The relatively small spinel particles would exert a consider-
able dragging effect on the willemite growth front until
detachment occurred.

Upon detachment, the willemite host failed to modify the
{111} faces of the incorporated spinel islands to follow its
habit plane, i.e., (2 1 1 0) [3]. This implies that the spinel
{11 1} face has a lower surface energy than the habit plane
of willemite. Thermally activated rotation of the intragra-
nular particles may enable their reorientation toward a
specific crystallographic relationship with respect to the
matrix for an interfacial energy favorable state as experi-

mentally proved in a number of ceramic composite systems
such as zirconia crystal grains with embedded Ni;_,O or
Co,_,O particles [30,31]. It is an open question whether
prolonged firing above a critical temperature would urge the
encompassed spinel islands to reach epitaxial relationship
with the willemite host.

4.4. Negligible cracking along the interphase interface

Furnace cooling or even air quenching did not cause
appreciable cracking/cleaving at the glaze/substrate interface
or various crystal interfaces. Apparently, thermal and phase
transformation induced cleaving, as prevailed in a number of
ceramic composite [11,12] and natural metamorphic rocks
[13,14], did not happen in the present crystalline glaze
composite. In this regard, the thermal expansion coefficient
differs little for the present phases, i.e., ~7.5 x 107 ® K™ for
a-ALO; [32], ~5.5 x 107 °K™! for a-Zn,SiO4 [33], 8.7—
9.9 x 107K ™! for ZnAl,0, [34] (presumably valid also for
the present primary and secondary spinels containing various
amount of dopants) and 4.2-9.2 x 10"° K~ for soda lime or
alkaline earth alumino-silicate glass [35]. Thus, the thermal
expansion coefficient difference among the phases is not
large enough to cause appreciable cracking/cleaving along
the interface of the adjoined phases when the crystalline
glaze on a-Al,O5 polycrystals was rapidly cooled to room
temperature in air.

5. Conclusions

In essence, an interlayer consisting of Cr-containing
gahnite spinel islands was developed nonepitaxially at the
glaze/alumina interface when metal ions-added zinc ortho-
silicate glaze was overlain on alumina at 1270 °C. The spinel
interlayer follows a parabolic growth rate due to directional
Al diffusion from the solid substrate to the molten glaze. A
secondary Co- and Ti-containing gahnite spinel was further
nucleated parallel epitaxially from the {1 1 1} junctions of
the spinel islands when the glaze was devitrified at 1080 °C
to form more «-Zn,SiO4 crystals. The spinel islands
remained {1 1 1} facetted despite the nonepitaxial confine-
ment by the host a-Zn,Si0, crystal. A rather limited process
of melt infiltration into the substrate or negligible thermal-
mismatch induced cracking across the interphase interface
may allow potential thermal bonding/sealing applications of
the present glaze for alumina-based ceramics such as
sapphire or ruby.
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Appendix 1

SEM (BEI) showing the cross section of zinc orthosilicate glaze (with 1% Cr) overlain on polycrystalline a-Al,O5 at
1270 °C for 1 h followed by devitrification at 1080 °C for 5 h. The corresponding point-count EDX spectra were taken from
Al,O3, Cr-containing gahnite spinel islands, amorphous glaze (AG) and a-Zn,SiO4 more or less with counts contribution from
each other. Note some micron-sized spinel islands were encompassed in the coarsened a-Zn,Si0, crystal and submicron-sized
secondary spinel particles with bright contrast (indicated by an arrow) were nucleated from the faceted islands of primary
spinel (cf. text). The Pt counts are due to platinum coating.
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Appendix 2

TEM (a) BFI with SAED pattern (inset) and (b) DFI
(g =2 0 2) of the Cr-containing ZnAl,O, spinel island in
the [1 1 1] zone axis having the inclined {1 1 1} surfaces
exposed to amorphous glaze (AG). The same specimen as in

Fig. 3.

Appendix 3

EDX spectrum of (a) Cr-containing gahnite spinel, (b)
Co- and Ti-containing secondary spinel, i.e., analysis points
1 and 6, respectively in Fig. 5f.
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Appendix 4

X-ray diffraction trace CuKa using Siemens D5000
diffractometer at a scanning rate of 0.36°/min (step size 0.03°,
fixed counts 5 s) of the alumina (denoted as a) substrate and
spinel (denoted as sp) interlayer beneath the zinc orthosilicate
glaze doped with 1% Cr. This sample was fired at 1270 °C for
20 h followed by devitrification at 1080 °C for 5 h and then
polishing to expose the predominant primary spinel islands.
Note the secondary spinel was hardly detected and the
primary spinel has a refined lattice parameter of
a =0.8085 % 0.0001 nm (cf. Table 2) despite Cr content
variation from 0 to 2.5 at.% among the spinel islands (cf. text).
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Table 2
Observed and calculated d spacings (nm) for the primary spinel islands based on
XRD trace in Appendix 4.

hkl Obsd Refined
220 0.2857 0.2859

311 0.2437 0.2438

400 0.2022 0.2021

331 0.1856 0.1855

422 0.1651 0.1650

511 0.1556 0.1556

440 0.1430 0.1429

620 0.1279 0.1278
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