F g o o o 4 4 4
BN oEERE

A ST

Glass-Ceramics : Recent Advances and Trends

Because they are formed by controlied
internal nucleation and crystallization of glass,
plass-ceramics are the most uniform and
reproducitie of ceramic materials,
Nevertheless, they are restricted in
composition to regions of glass-formation,
normally sibea based, and therefore do not
possess the extreme hardness and stiffness of
ceramics hased on alumina, zirconia. carbides
and nitrides. Nor do silicate materials possess
the active electronio properties found in oxides
with the peravskite structure (ferroelectrics,
plezoelectrics, superconductors) or certain of
the chalcogenides {sentconductors,
electro-optics). Despite these shoricomings,
glass-ceramic matenials are entering a new
growth phase based on improved wmechanical
properties, excellent electrical insulating
{chelectric) characteristics, and a wide variaty
including textures, tints,

of aesthetic feature
and transfucency ranging from opaque fo
compietely transparent.

The improvement in mechanical properiies
of glass-ceramics has taken two forms: i}
improved body strength and toughness in
monolithic chanesilicate based materials, and
i) dramatic developments in fiber-reinforced
glass-ceramics allowing graceful or
non-catastrophic failure. Chain sificates are
erystalline phases composed of a backbone of
silica tetrahedra polyvmerized in one
dimension. When crystailized from glass, these
stals form randomly-ornented needles or

cr
biades which interfock forming a
microstructure reminiscent of natural lade.
Good stength and unusual toughness result, In
addition, some of these phases are susceptible
to splintering or other cleavage phenomena
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associated with twinning which ahsorh energy,
thus deflecting or blunting cracks and further
increasing toughness. Glass-ceramics based
upon acicular phases canasite (alkali-lime
flugsilicate), vichierite (alkali-Mg-fluosilicatel,
and enstatite (MeSi00 have all shown abraded
flexural strengths and enstatite MpSiOs) have
all shown abraded flexural strengths and
fracture toughness in the range of 200 to 400
MPa and 3 to 8 MPa m'™? respectively, over
double that of conventional glass-cevamics.
Current applicafions include durable
institutional tableware, and projected uses
mvolive architectural materials and matrices
for high temperature ceramic Composites,

Glass-cevamic composites produced by
incorporating state-of the-art strong ceramic
fibers in powdered crvstallizable glass
followed by hot pressing have demonstrated
very high strenght and graceful fatture. The
kev to this behavior les in the very high
strength amd stiffness of new ceramic fibers
Hke Nippon Carbon's silicor-oxvearbide
(NICALON®, which can carey most of the
load in a glass-caramic composite. The
glass-ceramic matrix can be tailored to bond
in such a way that it holds the fiber composite
firmiy but does not allow fractures to
propagate through the fibers, Such an
itermediate bond produces a fiber pull-out
{atlure mechanism absorbing great energy and
achieving a gradual or pseudo-ductile flow
before ulthmate fracture, The crystalline
glass-ceramic matrix will not flow at high
temperature and alse serves Lo protect the
fibers from oxidation. Potential applications
for such galss-ceramic composites nclude
abrcraft engine parts and space siructures.



A large potential application for
wlass-ceramics developed in recent years at
IBM and elsewhere involves the use of
cordierite (Mg-Alsiticate) devitrifying frits in
co-fired multitaver subsirates for electronic
packaging. A cordierite-based substrate has
several advantages over currently widely-used
alumina. A lower dielectric constant, 5-6,
versus 7-8 for aluming, allows faster circuit
response by minimizing capacitive effects.
Also, cordierite frits can be fired helow the
melting point of copper, a far more ductile
eonductor than molybdenum, which must be
used with the higher fived alumina-based
system. In addition, recent developments in the
area of microporous glags-ceramics have
produced materials with dielectric constants
below 3. The key advance here is the abilily to
nucleate very fine (< 1an} hydrogen bubbles
uniformly in orystallizing glass.

Several recent applications for
internallv-nucleated glass-ceramics refy on the
ability to control the crystal size in these
materials, thereby developing a desired
tranzlucency or iransparency with special
aesthetic value, Haze-free,
low-thermal-expansion, trangparent
glass-cernmics have found growing markets in
versatile and atfractive rangetop and
microwave cookware (Corning VISION® and
as wood stove windows. Translucent dental
restorations, custom tinted to closely resemble
natural teeth have heen marketed in North
America by Dentsply under the trade-name
DICORE Translucent, finted, and lextured
glass-ceramics are increasingly used in Japan
and elsewhere in the form of architectural
sheet (NEQPARIES® produced by the Nippon
Electrie Glass Co. The ability to form unigue
and reproducable microstructures in
glass-ceramics is the common thread to these
successful developments.
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