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strength and toughness. For example, “whiskers" of
METHOD OF MAKING IN-SITU WHISKER
REINFORCED GLASS CERAMIC
DESCRIPTION
Background of the Invention

TiOg form at or above 1000” C., but not at 900° C. In

addition, if ZrOzis used as the nucleating agent in the
glass instead of TiOz, the “whiskers” of ZrOz produced
are signiﬁcantly smaller than the TiOz “whiskers”.

DETAILED DESCRIPTION OF A PREFERRED

1. Field of the Invention
EMBODIMENT OF THE INVENTION
The present invention generally relates to glassThe invention is particularly concerned with forming
ceramic materials and, more particularly, to a process of 10
in-situ acicular grains or “whiskers” of TiOz within a
providing in-situ reinforcement of glass-ceramic materiglass-ceramic matrix which are of sufﬁcient size and
als with whiskers of titanium oxide (TiOz).
quality to provide the glass—ceramic with improved
2. Description of the Prior Art
strength and toughness properties. The types of glassGlass ceramic materials have been used in widely

diverse ﬁelds of application including domestic range
tops, cooking ware, telescope mirrors, and heat engines.
Two well known glass-ceramic systems are MgO—Al203—nSi02 (MAS) and LizO~Ale3-nSi02 (LAS).
The MAS system is commonly called a cordierite system. A well known subcategory of LAS is B-eucryptite
which is LAS where n equals 2. In LAS materials,

when n is less than 4, the material exhibits a large negative thermal expansion with increasing temperature. As

ceramic matrix materials contemplated in this invention
are LAS, MAS, AlPO4 modiﬁed B-eucryptite as described by Perotta, a chemically modiﬁed B-eucryptite
having the composition Lia.“Mgo,35AlPo,52$io.4gO4

which was developed at Virginia Polytechnic Institute
and State University, and other similar glass-ceramics.

The chemically modiﬁed B-eucryptite, Lio,41Mgo_.
35AlPo,5ZSio,4304, is a solid having approximately 48

mol percent LiAlSO4, where 20 mol percent of the

lithium has been replaced by magnesium, and 52 mol
discussed in US. Pat. No. 3,549,394 to Perotta, the
degree of thermal expansion of B-eucryptite can be
percent AlPO4. The chemically modiﬁed B-eucryptite
25
decreased to near zero by introducing AlPO4into the
exhibits very low thermal expansion (e.g., —7‘lO—7/°
system. Speciﬁcally, Perotta teaches a glass ceramic
C.) and has low thermal expansion anisotropy in com-

system having the composition Li1_xAlPxSi1_xO4
where x ranges between 0.05 and 0.65.

It is well known that ceramics which are reinforced

parison to pure B-eucryptite and should have improved
thermal shock resistance. The invention is primarily
concerned with processes for reinforcing glass-ceramic

with ﬁbers or other structures can have increased
strength and toughness characteristics. Reinforcement

materials in-situ with TiOz whiskers. The processes will
be discussed below by example with the chemically
can be achieved by adding ﬁbers to the matrix material
modiﬁed B-eucryptite system; however, it should be
during processing; however, for some systems, in situ
understood that the processes can be practiced in LAS,
reinforcement of the ceramic matrix is preferable.
35 MAS, ALPO4 modiﬁed LAS systems, as well as other

SUMMARY OF THE INVENTION

glass-ceramic systems.
Lioa1Mgo,35AlPo,52$io,4304 powder is obtained by

It is therefore an object of the present invention to

solid state reaction. Amounts of reagent grade Al-

provide a method of reinforcing glass-ceramic materials
in situ with whiskers of TiOz.

(OH)3-nH20, silicic acid, NH4H2PO4, MgSO4, and

It is another object of this invention to provide a
modiﬁed B-eucryptite ceramic reinforced in situ with

Li2CO3 are calculated to produce one mole of
Lio,41Mgo.35AlPo,5ZSio.4sO4. Included in this calculation

is the weight loss factor for silicic acid and Al(OH)3.nTiOz.
H20. For example, a composition of 11.574 g or Liz.
It is yet another object of this invention to provide a

C03, 1.6l2 g of MgSO4, 50.788 g Al(OH)3-nH20,
method of strengthening microcracked glass-ceramic
45 45.652 g of NH4-H2PO4, and 24.078 g of silicic acid
structures via recrystallization.
would be suitable. The mixture is ground three times
According to the invention, a powdered ceramic

material is mixed with a suitable amount of powdered
TiOz (a nucleating agent) and heated to high temperatures for a period of time. Subsequently, the glass melt

with acetone in a glass mortar and pestle then allowed
to dry completely. After drying, the mixture of raw

ing serves the purpose of providing many exposed sur-

materials undergoes a series of heat treatments. The
mixture is ﬁrst heated at 200° C. for 2 hours, then
ground three times with acetone in a mortar and pestle.
The heating and grinding are repeated at 400° C., 600°

faces from which crystals can grow. The glass powder
is then formed into a compact for further processing.

drives off water and carbon dioxide such that the oxides

is quenched in water and then treated one of two ways.
First, the glass can be ground into a ﬁne powder. Grind-

C., and 800° C. This early heat treatment gradually

Second, grinding of the glass may be avoided altogether 55 are thoroughly mixed. Finally, the mixture is heat
treated at 1070° C. for 100 hours to produce the desired
since the microcracking which occurs during quenchphase. X-ray diffraction shows that this processing
ing will in itself provide exposed surfaces for crystal
method produces the modiﬁed B-eucryptite solid
growth. If the second method is to be used, the glass
Lio.4lMgo.35A1Po.52$io.4804formed in the ﬁrst mixing and heating step should be in
To achieve in-situ formation of TiOz whiskers in the
the shape of the ﬁnal product desired.
glass-ceramic, a ground powder of ceramic is mixed
After the powder compact or the glass with microwith a suitable amount (e.g, 6—12 percent) of powdercracks is formed, it is subjected to a heat treatment
ized TD; and placed in an alumina crucible and heated
process. During the process, the compact or material is
at l620° C. for 2—3 hour. After heating, the glass melt is
subjected to prolonged heating at a temperature sufﬁcient to cause recrystallization of the matrix ceramic 65 quenched in water. Quenching causes microfractures to
form in the glass product (during quenching, some ceand of the TiOz to form acicular grains or “whiskers”
ramic may be formed, but the product from quenching
in—situ throughout the matrix material which are large
is primarily a glass). The glass product can either be
enough to provide a glass-ceramic with increased
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3
directly processed further or ground to a ﬁne powder

before further processing.

kers with a glass-ceramic matrix material, comprising

The objective is to have a number of exposed surfaces
for promoting crystal growth. Grinding the glass product into a powder provides a large number of exposed
surfaces for whisker growth. The microfractures them—
selves in the glass product do provide exposed surfaces;

the steps of:
combining six to twelve weight percent of Ti02 with

a ceramic material selected from the group consisting of LiZO-A1203-nSi02 where n ranges between 1

and 4, MgO~A1203-nSi02 where n ranges between

ceramic ,with TiOz at 1620° C.) must be very close to the
desired shape of the end product. An advantage of the
grinding step is that the powderized glass composition

>—

however, if grinding is to be avoided, the glass product
formed during the ﬁrst heating step (combining the
0

1 and 4, Li1_xAlPxSi1..,.-O4 where x ranges between 0.05 and 0.65, and LingxAlPxSi1_xO4
where x ranges between 0.05 and 0.65;
forming a glass of the mixture of said TiOz and said
ceramic material;

creating exposed surfaces in said glass; and
heating said glass with said exposed surfaces to a
temperature and for a period of time sufﬁcient to
cause in-situ formation of TiOz whiskers within a
glass-ceramic matrix material of a size sufﬁcient to
reinforce said glass-ceramic matrix material.
2. A method as recited in claim 1 wherein said temperature and said period of time sufﬁcient to cause insitu formation of whiskers within said glass-ceramic
matrix material are greater than 1000° C. and greater

can be formed into a desired shape and then further heat
processed, making the composition more easily handled. If grinding is to be performed, the glass product
can be ground with a mortar and pestle and then milled
to a ﬁne powder. The glass powder is then mixed with
acetone and poured into a mold. During sedimentation,

acetone is drained from the bottom part of the mold to
leave a glass compact. The compact is then carefully
removed from the mold and is ready for further pro-

than ﬁfty hours, respectively.
cessing.
3. A method as recited in claim 1 wherein said step of
The compact or glass product with microfractures is
creating said exposed surfaces in said glass is accomthen subjected to a controlled heat treatment process
25 plished by quenching said glass after said forming step
for recrystallizing the TiOz and ceramic such that whissuch that microfractures are created in said' glass.
kers of Ti02 are formed in-situ within a glass-ceramic
4. A method as recited in claim 1 wherein said step of
matrix. First, the compact or glass product is heated to
creating said exposed surfaces in said glass is accom680° C. and held for 5 hours. Then, the compact or glass
plished by powderizing said glass after said forming
product is given a recrystallization treatment at high
step.
temperature (e.g., 1100° C.) for 50 hours. For a powder
5. A method for the in-situ formation of whiskers
compact made from the chemically modiﬁed B-eucrypwith a glass-ceramic matrix material, comprising the
tite and TiOz, heating the compact to only 900° C.
steps of:

resulted in only the B-eucryptite phase being obtained.

combining an amount of a nucleating agent selected

However, whisker formation was achieved at a temper- 35
ature of 1000' C. A typical recrystallized glass sample
which had been heated at 1100" C. for 50 hours yields
TiOz whiskers within the modiﬁed B-eucryptite where
the B-eucryptite has a grain size of ﬁve microns and

where the whiskers have a diameter of one micron and
an aspect ratio of 15—30. Electron microprobe analysis
indicated that these acicular grains or “whiskers” are
TiOz (the nucleating agent). TiOz is completely dissolved in the glass melt, and nucleates upon reheating,
and grows randomly as whiskers when the temperature

is above 1000“ C.
The presence of the TiOz whiskers in the chemically
modiﬁed B-eucryptite signiﬁcantly improves the modulus of rupture (MOR). Modiﬁed B-eucryptite can be slip
cast as described above without TiOz so that it would

from the group consisting of TiOz and ZrOz with a

ceramic material selected from the group consisting of Li20-A12030nSi02 where n ranges between 1
and 4, MgO-A1203-nSi02 where n ranges between
1 and 4, Li1_xAlPxSi1-xO4 where x ranges between 0.05 and 0.65, and LingxAlPxSi1_xO4, said

amount of said nucleating agent being sufﬁcient to
form nuclei for ceramic and whisker growth but

45

not to devitrify a glass made from said ceramic
material;
forming said glass of said ceramic material;
creating exposed surfaces in said glass; and
heating said glass with said exposed surfaces to a

temperature and for a period of time sufﬁcient to
cause in-situ formation of whiskers of said nucleating agent within a glass-ceramic matrix material of

a size sufﬁcient to reinforce said glass-ceramic matrix material.
been conducted on the modiﬁed B-eucryptite, with and
6. A method as recited in claim 5 wherein said temwithout whisker reinforcement, and conﬁrm that the
perature and said period of time sufﬁcient to cause inMOR values are increased two to three times when
situ formation of whiskers within said glass-ceramic
whiskers are present. When ZrOz was used as the nucle- 55 matrix material are greater than 1000" C. and greater
ating agent instead of TiOz in this procedure, the 2102
than ﬁfty hours, respectively.
not contain whiskers. Three point bending tests have

whiskers were much smaller and probably would not

7. A method as recited in claim 5 wherein said step of

provide the strengthening and toughness enhancement

creating said exposed surfaces in said glass is accomwhich TiOz whiskers provide.
plished by quenching said glass after said forming step
While the invention has been described in terms of its 60 such that microfractures are created in said glass.
preferred embodiment where a particular glass-ceramic
8. A method as recited in claim 5 wherein said step of
system has whiskers of TiOz formed in-situ by heat
creating said exposed surfaces in said glass is accomprocessing, those skilled in the art will recognize that
plished by pulverizing said glass after said forming step.
the invention can be practiced with modiﬁcation within
' 9. A method as recited in claim 1 wherein said cethe spirit and scope of the appended claims.
65 ramic material is Lio,41Mgo,35AlPo,525io_4304.
Having thus described my invention, what we claim
10. A method as recited in claim 5 wherein said ceas new and desire to secure by Letters Patent is as follows:

ramic material is Lio_41Mgo,35AlPo,5zsio_4sO4.
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