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CERAMIC INSULATOR AND METHODS OF USE AND
MANUFACTURE THEREOF

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present application claims priority to and the benefit of U.S.
Provisional Application No. 61/237,425, filed August 27, 2009 and titled
OXYGENATED FUEL PRODUCTION; U.S. Provisional Application No. 61/237,466,
fled August 27, 2009 and tited MULTIFUEL MULTIBURST; U.S. Provisional
Application No. 61/237,479, filed August 27, 2009 and titled FULL SPECTRUM
ENERGY; U.S. Patent Application No. 12/581,825, filed October 19, 2009 and titled
MULTIFUEL STORAGE, METERING AND IGNITION SYSTEM; U.S. Patent
Application No. 12/653,085, filed December 7, 2009 and titled INTEGRATED FUEL
INJECTORS AND IGNITERS AND ASSOCIATED METHODS OF USE AND
MANUFACTURE: PCT Application No. PCT/US09/67044, filed December 7, 2009
and titled INTEGRATED FUEL INJECTORS AND IGNITERS AND ASSOCIATED
METHODS OF USE AND MANUFACTURE; U.S. Provisional Application No.
61/304,403, filed February 13, 2010 and titled FULL SPECTRUM ENERGY AND
RESOURCE INDEPENDENCE; and U.S. Provisional Application No. 61/312,100,
fled March 9, 2010 and titled SYSTEM AND METHOD FOR PROVIDING HIGH
VOLTAGE RF SHIELDING, FOR EXAMPLE, FOR USE WITH A FUEL INJECTOR.

Each of these applications is incorporated herein by reference in its entirety.
TECHNICAL FIELD

[0002] The following disclosure relates generally to improved materials including

improved dielectric insulators.
BACKGROUND

[0003] It has long been desired to interchangeably use methane, hydrogen or
mixtures of methane and hydrogen as cryogenic liquids or compressed gases in place
of gasoline in spark-ignited engines. But this goal has not been satisfactorily

achieved, and as a result, the vast majority of motor vehicles remain dedicated to
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petrol even though the costs of methane and many forms of renewable hydrogen are
far less than gasoline. Similarly it has long been a goal to interchangeably use
methane, hydrogen or mixtures of methane and hydrogen as cryogenic liquids and/or
compressed gases in place of diesel fuel in compression-ignited engines but this goal
has proven even more elusive, and most diesel engines remain dedicated to poliutive

and more expensive diesel fuel.

[0004] Conventional spark ignition systems include a high voltage but low energy
ionization of a mixture of air and fuel. Conventional spark energy magnitudes of
about 0.05 to 0.15 joule are typical for normally aspirated engines equipped with
spark plugs that operate with compression ratios of 12:1 or less. Adequate voltage to
produce such ionization must be increased with higher ambient pressure in the spark
gap. Factors requiring higher voltage include leaner air-fuel ratios and a wider spark
gap as may be necessary for ignition, increases in the effective compression ratio,
supercharging, and reduction of the amount of impedance to air entry into a
combustion chamber. Conventional spark ignition systems fail to provide adequate
voltage generation to dependably provide spark ignition in engines such as diesel
engines with compression ratios of 16:1 to 22:1 and often fail to provide adequate
voltage for unthrottled engines that are supercharged for purposes of increased
power production and improved fuel economy. These issues also plague alternative

or mixed fuel engines.

[0005] Failure to provide adequate voltage at the spark gap is most often due to
inadequate dielectric strength of ignition system components such as the spark plug
porcelain and spark plug cables. High voltage applied to a conventional spark plug,
which essentially is at the wall of the combustion chamber, causes heat loss of
combusting homogeneous air-fuel mixtures that are at and near all surfaces of the
combustion chamber including the piston, cylinder wall, cylinder head, and valves.
Such heat loss reduces the efficiency of the engine and may degrade the combustion
chamber components that are susceptible to oxidation, corrosion, thermal fatigue,
increased friction due to thermal expansion, distortion, warpage, and wear due to loss

of viability of overheated or oxidized lubricating films.

[0006] In addition, modern engines lack electrical insulation components having
sufficient dielectric strength and durability for protecting components that must

withstand cyclic applications of high voltage, corona discharges, and superimposed
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degradation due to shock, vibration, and rapid thermal cycling to high and low
temperatures.  Similarly, the combustion chamber of a modern diesel engine is
designed with very small diameter ports for a “pencil” type direct fuel injector that must
fit within the complex and tightly crowded inlet and exhaust valve operating
mechanisms of a typical overhead valve engine head. A typical diesel fuel injector’s
port diameter for entry into the combustion chamber is limited to about 8.4mm
(0.331"). In addition to such severe space limitations, the hot lubricating oil is
constantly splashed in the engine head environment within the valve cover to heat the
fuel injector assembly to more than 115°C (240°F) for most of the million-mile life
requirement, which prohibits application of conventional air-cooled solenoid valve

designs.

[0007] It is highly desirable to overcome requirements that limit diesel engine
operation to compression ignition and the use of diesel fuel of a narrow cetane rating
and viscosity along with strict requirements for elimination of particles and water. The
potential exists for more plentiful fuel selections with far less replacement cost
wherein the fuels have a wide variation in cetane and/or octane ratings along with
impurities such as water, nitrogen, carbon dioxide, carbon monoxide, and various

particulates.

[0008] In order to provide smooth transition from economic dependence upon
fossil fuels is highly desirable to enable interchangeable utilization of conventional
diesel fuel or gasoline along with renewable fuels such as hydrogen, methane, or fuel
alcohols. Improved insulators are required in instances that diesel fuel is to be utilized
by application of sufficient plasma energy to the diesel fuel as it enters the
combustion chamber to cause very rapid evaporation and cracking or subdivision of
diesel fuel molecules, and production of ignition ions to thus overcome the formidable

problems and limitations of compression ignition.

[0009] Accordingly, there is a need in the art for improved insulators and
materials and method of manufacture and use, for example, materials with improved
durability and dielectric strength for use in ignition system components for multifuel

engines.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a schematic cross-sectional side view of an integrated

injector/igniter configured in accordance with an embodiment of the disclosure.

[0011] Figure 2 is a cross-sectional side partial view of an injector configured in

accordance with an embodiment of the disclosure.

[0012] Figure 3A is a side view of an insulator or dielectric body configured in
accordance with one embodiment of the disclosure, and Figure 3B is a cross-

sectional side view taken substantially along the lines 3B-3B of Figure 3A.

[0013] Figures 4A and 4B are cross-sectional side views taken substantially
along the lines 4-4 of Figure 2 illustrating an insulator or dielectric body configured in

accordance with another embodiment of the disclosure.

[0014] Figures 5A and 5B are schematic illustrations of systems for forming an
insulator or dielectric body with compressive stresses in desired zones according to

another embodiment of the disclosure.

[0015] Figure 6 is a schematic cross-sectional side view of an injector/igniter

configured in accordance with an embodiment of the disclosure.

[0016] Figures 6A and 6B are cross-sectional side views of the body 602 of
Figure 6 illustrating an insulator or dielectric body configured in accordance with

another embodiment of the disclosure.
DETAILED DESCRIPTION

[0017] The present application incorporates herein by reference in its entirety the
subject matter of U.S. Patent Application No. 12/006,774 (now U.S. Patent No.
7.628,137), filed January 7, 2008 and tited MULTIFUEL STORAGE, METERING,
AND IGNITION SYSTEM. The present application incorporates by reference in their
entirety the subject matter of each of the following U.S. Patent Applications, filed
concurrently herewith on July 21, 2010 and titled: INTEGRATED FUEL INJECTORS
AND IGNITERS AND ASSOCIATED METHODS OF USE AND MANUFACTURE
(Attorney Docket No. 69545-8031US); FUEL INJECTOR ACTUATOR ASSEMBLIES
AND ASSOCIATED METHODS OF USE AND MANUFACTURE (Attorney Docket No.
69545-8032US); INTEGRATED FUEL INJECTORS AND IGNITERS WITH
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CONDUCTIVE CABLE ASSEMBLIES (Attorney Docket No. 69545-8033US);
SHAPING A FUEL CHARGE IN A COMBUSTION CHAMBER WITH MULTIPLE
DRIVERS AND/OR IONIZATION CONTROL (Attorney Docket No. 69545-8034US),
METHOD AND SYSTEM OF THERMOCHEMICAL REGENERATION TO PROVIDE
OXYGENATED FUEL, FOR EXAMPLE, WITH FUEL-COOLED FUEL INJECTORS
(Attorney Docket No. 69545-8037US); and METHODS AND SYSTEMS FOR
REDUCING THE FORMATION OF OXIDES OF NITROGEN DURING COMBUSTION
IN ENGINES (Attorney Docket No. 69545-8038US).

[0018] In order to fully understand the manner in which the above-recited details
and other advantages and objects according to the invention are obtained, a more
detailed description of the invention will be rendered by reference to specific

embodiments thereof.

[0019] Certain details are set forth in the following description and Figures to
provide a thorough understanding of various embodiments of the disclosure.
However, other details describe well-known structures and systems. It will be
appreciated that several of the details set forth below are provided to describe the
following embodiments in a manner sufficient to enable a person skilled in the
relevant art to make and use the disclosed embodiments. Several of the details and
advantages described below, however, may not be necessary to practice certain
embodiments of the disclosure. Many of the details, dimensions, angles, shapes, and
other features shown in the Figures are merely illustrative of particular embodiments
of the disclosure. Accordingly, other embodiments can have other details,
dimensions, angles, and features without departing from the spirit or scope of the
present disclosure. In addition, those of ordinary skill in the art will appreciate that
further embodiments of the disclosure can be practiced without several of the details

described below.

[0020] Reference throughout this specification to "one embodiment” or "an
embodiment" means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the
present disclosure. Thus, the occurrences of the phrases "in one embodiment” or "in
an embodiment" in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more
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embodiments. The headings provided herein are for convenience only and do not

interpret the scope or meaning of the claimed disclosure.

[0021] Figure 1 is a schematic cross-sectional side view of an integrated
injector/igniter 110 ("injector 110") configured in accordance with an embodiment of
the disclosure. The injector 110 illustrated in Figure 1 is configured to inject different
fuels into a combustion chamber 104 and to adaptively adjust the pattern and/or
frequency of the fuel injections or bursts based on combustion properties and
conditions in the combustion chamber 104. As explained in detail below, the injector
110 can optimize the injected fuel for rapid ignition and complete combustion. In
addition to injecting the fuel, the injector 110 includes one or more integrated ignition
features that are configured to ignite the injected fuel. As such, the injector 110 can
be utilized to convert conventional internal combustion engines to be able to operate

on multiple different fuels.

[0022] According to one aspect of the illustrated embodiment, at least a portion
of the body 112 is made from one or more dielectric materials 117 suitable to enable
the high-energy ignition to combust different fuels, including unrefined fuels or low
energy density fuels. These dielectric materials 117 can provide sufficient electrical
insulation of the high voltage for the production, isolation, and/or delivery of spark or
plasma for ignition. In certain embodiments, the body 112 can be made from a single
dielectric material 117. In other embodiments, however, the body 112 can include two
or more dielectric materials. For example, at least a segment of the middle portion
116 can be made from a first dielectric material having a first dielectric strength, and
at least a segment of the nozzle portion 118 can be made from a dielectric material
having a second dielectric strength that is greater than the first dielectric strength.
With a relatively strong second dielectric strength, the second dielectric material can
protect the injector 110 from thermal and mechanical shock, fouling, voltage tracking,
etc. Examples of suitable dielectric materials, as well as the locations of these

materials on the body 112, are described in detail below.

Dielectric Features

[0023] In one aspect, Figure 2 is a cross-sectional side partial view of an injector
210. The injector 210 shown in Figure 2 illustrates several features of the dielectric

materials that can be used according to several embodiments of the disclosure. The
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ilustrated injector 210 includes several features that can be at least generally similar
in structure and function to the corresponding features of the injectors described
above with reference to Figure 1. For example, the injector 210 includes a body 212
having a nozzle portion 218 extending from a middle portion 216. The nozzle portion
218 extends into an opening or entry port 209 in the engine head 207. Many engines,
such as diesel engines, have entry ports 209 with very small diameters (e.g.,
approximately 7.09 mm or 0.279 inch in diameter). Such small spaces present the
difficulty of providing adequate insulation for spark or plasma ignition of fuel species
contemplated by the present disclosure (e.g., fuels that are approximately 3,000 times
less energy dense than diesel fuel). However, and as described in detail below,
injectors of the present disclosure have bodies 212 with dielectric or insulative
materials that can provide for adequate electrical insulation for ignition wires to
produce the required high voltage (e.g., 60,000 volts) for production, isolation, and/or
delivery of ignition events (e.g., spark or plasma) in very small spaces. These
dielectric or insulative materials are also configured for stability and protection against
oxidation or other degradation due to cyclic exposure to high temperature and high-
pressure gases produced by combustion. Moreover, as explained in detail below,
these dielectric materials can be configured to integrate optical or electrical
communication pathways from the combustion chamber to a sensor, such as a
transducer, instrumentation, filter, amplifier, controller, and/or computer. Furthermore,
the insulative materials can be brazed or diffusion bonded at a seal location with a
metal base portion 214 of the body 212.

Spiral Wound Dielectric Features

[0024] According to another aspect of the body 212 of the injector 210 illustrated
in Figure 2, the dielectric materials comprising the middle portion 216 and/or nozzle
portion 218 of the injector 210 are illustrated in Figures 3A and 3B. More specifically,
Figure 3A is a side view of an insulator or dielectric body 312, and Figure 3B is a
cross-sectional side view taken substantially along the lines 3B-3B of Figure 3A.
Although the body 312 illustrated in Figure 3A has a generally cylindrical shape, in
other embodiments the body 312 can include other shapes, including, for example,
nozzle portions extending from the body 312 toward a combustion chamber interface
331. Referring to Figures 3A and 3B together, in the illustrated embodiment the

dielectric body 312 is composed of a spiral or wound base layer 328. In certain

-7-
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embodiments, the base layer 328 can be artificial or natural mica (e.g., pinhole free
mica paper). In other embodiments, however, the base layer 328 can be composed
of other materials suitable for providing adequate dielectric strength associated with
relatively thin materials. In the illustrated embodiment, one or both of the sides of the
base layer 328 are covered with a relatively thin dielectric coating layer 330. The
coating layer 330 can be made from a high-temperature, high-purity polymer, such as
Teflon NXT, Dyneon TFM, Parylene HT, Polyethersulfone, and/or
Polyetheretherketone. In other embodiments, however, the coating layer 330 can be

made from other materials suitable for adequately sealing the base layer 328.

[0025] The base layer 328 and coating layer 330 can be tightly wound into a
spiral shape forming a tube thereby providing successive layers of sheets of the
combined base layer 328 and coating layer 330. In certain embodiments, these
layers can be bonded in the wound configuration with a suitable adhesive (e.g.,
ceramic cement). In other embodiments, these layers can be impregnated with a
polymer, glass, fumed silica, or other suitable materials to enable the body 312 to be
wrapped in the tightly wound tube shape. Moreover, the sheets or layers of the body
312 can be separated by successive applications of dissimilar films. For example,
separate films between layers of the body 312 can include Parylene N, upon Parylene
C upon Parylene HT film layers, and/or layers separated by applications of other
material selections such as thin boron nitride, polyethersulfone, or a polyolefin such
as polyethylene, or other suitable separating materials. Such film separation may
also be accomplished by temperature or pressure instrumentation fibers including, for
example, single-crystal sapphire fibers. Such fibers may be produced by laser heated
pedestal growth techniques, and subsequently be coated with perfluorinated ethylene
propylene (FEP) or other materials with similar index of refraction values to prevent
leakage of energy from the fibers into potentially absorbing films that surround such

fibers.

[0026] When the coating layer 330 is applied in relatively thin films (e.g., 0.1 to
0.3 mm), the coating layer 330 can provide approximately 2.0 to 4.0 KVolts/0.001"
dielectric strength from —30 °C (e.g., -22 °F) up to about 230 °C (e.g., 450 °F). The
inventor has found that coating layers 330 having a greater thickness may not provide
sufficient insulation to provide the required voltage for ignition events. More

specifically, as reflected in Table 1 below, coating layers with greater thickness have

-8-
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remarkably reduced dielectric strength. These reduced dielectric strengths may not
adequately prevent arc-through and current leakage of the insulative body 312 at
times that it is desired to produce the ignition event (e.g., spark or plasma) at the
combustion chamber. For example, in many engines with high compression
pressures, such as typical diesel or supercharged engines, the voltage required to
initiate an ignition event (e.g., spark or plasma) is approximately 60,000 volts or more.
A conventional dielectric body including a tubular insulator with only a 0.040 inch or
greater effective wall thickness that is made of a conventional insulator may only

provide 500 Volts/.001" and will fail to adequately contain such required voltage.

Dielectric Strength (KV/mil) | Dielectric Strength (KV/mil)

Substance

(<0.06mm or 0.002" films) (>1.0 mm or 0.040")
Teflon NXT 2.2 -4.0 KV/.001" 0.4 — 0.5 Kv/.001"
Polyimide (Kapton) 7.4 KV/.001" -
Parylene (N, C, D, HT) 4.2 - 7.0 KV/.001" -

Dyneon TFM

2.5- 3.0 KV/.001"

0.4 - 0.5 Kv/.001"

CYTOP perfluoropolymer

2.3 - 2.8 Kv/0.001"

Sapphire (Single-Crystal)

1.3 -1.4 Kv/0.001"

1.2 KV/0.001"

Mica

2.0 4.5 KVv/0.001"

1.4-1.9 KVv/0.001"

Boron Nitride

1.6 KV/0.001"

1.4 Kv/0.001"

PEEK 3.0 - 3.8 KV/0.001" 0.3 - 0.5 Kv/0.001"
Polyethersulfone 4.0 4.2 KV/0.001" 0.3 - 0.5 Kv/0.001"
Silica Quartz 1.1-1.4 KV/0.001" 1.1-1.4 KV/0.001"

Table 1: Dielectric Strength Comparisons of Selected Formulations

[0027]
3B can provide a dielectric strength of approximately 3,000 Volts/0.001" at

The embodiment of the insulator body 312 illustrated in Figures 3A and

temperatures ranging from —30 °C (e.g., -22 °F) up to approximately 450 °C (e.g., 840
°F). Moreover, the coating layers 330 can also serve as a sealant to the base layer

328 to prevent combustion gases and/or other pollutants from entering the body 312.

9-
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The coating layers 330 can also provide a sufficiently different index of refraction to
improve the efficiency of light transmission through the body 312 for optical

communicators extending through the body 312.

[0028] According to another feature of the illustrated embodiment, the body 312
includes multiple communicators 332 extending longitudinally through the body 312
between sheets or layers of the base layers 328. In certain embodiments, the
communicators 332 can be conductors, such as high voltage spark ignition wires or
cables. These ignition wires can be made from metallic wires that are insulated or
coated with oxidized aluminum thereby providing alumina on the wires. Because the
communicators 332 extend longitudinally through the body 312 between
corresponding base layers 328, the communicators 332 do not participate in any
charge extending radially outwardly through the body 312.  Accordingly, the
communicators 332 do not affect or otherwise degrade the dielectric properties of the
body 312. In addition to delivering voltage for ignition, in certain embodiments the
communicators 332 can also be operatively coupled to one or more actuators and/or

controllers to drive a flow valve for the fuel injection.

[0029] In other embodiments, the communicators 332 can be configured to
transmit combustion data from the combustion chamber to one or more transducers,
amplifiers, controllers, filter, instrumentation computer, etc. For example, the
communicators 332 can be optical fibers or other communicators formed from optical
layers or fibers such as quartz, aluminum fluoride, ZBLAN fluoride, glass, and/or
polymers, and/or other materials suitable for transmitting data through an injector. In
other embodiments, the communicators 332 can be made from suitable transmission
materials such as Zirconium, Barium, Lanthanum, Aluminum, and Sodium Fluoride

(ZBLAN), as well as ceramic or glass tubes.

Grain Orientation of Dielectric Features

[0030] Referring again to Figure 2, according to another embodiment of the
injector 210 illustrated in Figure 2 the dielectric materials of the body 212 (e.g., the
middle portion 216 and/or the nozzle portion 218) may be configured to have specific
grain orientations to achieve desired dielectric properties capable of withstanding the
high voltages associated with the present disclosure. For example, the grain structure

can include crystallized grains that are aligned circumferentially, as well as layered

-10-



WO 2011/034655 PCT/US2010/042812

around the tubular body 212, thereby forming compressive forces at the exterior
surface that are balanced by subsurface tension. More specifically, Figures 4A and
4B are cross-sectional side views of a dielectric body 412 configured in accordance
with another embodiment of the disclosure and taken substantially along the lines 4-4
of Figure 2. Referring first to Figure 4A, the body 412 can be made of a ceramic
material having a high dielectric strength, such as quartz, sapphire, glass matrix,

and/or other suitable ceramics.

[0031] As shown in the illustrated embodiment, the body 412 includes crystalline
grains 434 that are oriented in generally the same direction. For example, the grains
434 are oriented with each individual grain 434 having its longitudinal axis aligned in
the direction extending generally circumferentially around the body 412. With the
grains 434 layered in this orientation, the body 412 provides superior dielectric
strength in virtually any thickness of the body 412. This is because the layered long,
flat grains do not provide a good conductive path radially outwardly from the body
412.

[0032] Figure 4B illustrates compressive forces in specific zones of the body 412.
More specifically, according to the embodiment illustrated in Figure 4B, the body 412
has been treated to at least partially arrange the grains 434 in one or more
compressive zones 435 (i.e., zones including compressive forces according to the
orientation of the grains 434) adjacent to an outer exterior surface 437 and an inner
exterior surface 438 of the body 412. The body 412 also includes a non-compressive
zone 436 of grains 434 between the compressive zones 435. The non-compressive
zone 436 provides balancing tensile forces in a middle portion of the body 412. In
certain embodiments, each of the compressive zones 435 can include more grains
434 per volume to achieve the compressive forces. In other embodiments, each of
the compressive zones 435 can include grains 434 that have been influenced to
retain locally amorphous structures, or that have been modified by the production of
an amorphous structure or crystalline lattice that has less packing efficiency than the
grains 434 of the non-compressive zone 436. In still further embodiments, the outer
surface 437 and the inner surface 438 can be caused to be in compression as a
result of ion implantation, sputtered surface layers, and/or diffusion of one or more
substances into the surface such that the surface has a lower packing efficiency that
the non-compressive zone 436 of the body 412. In the embodiment illustrated in

11-
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Figure 4B, the compressive zones 435 at the outside surface 437 and the inner

surface 438 of the body 412 provide a higher anisotropic dielectric strength.

[0033] One benefit of the embodiment illustrated in Figure 4B is that as a result
of this difference in packing efficiency in the compressive zones 435 and the non-
compressive zone 436, the surface in compression is caused to be in compression
and becomes remarkably more durable and resistant to fracture or degradation. For
example, such compressive force development at least partially prevents entry of
substances (e.g., electrolytes such as water with dissolved substances, carbon rich
materials, etc.) that could form conductive pathways in the body 412 thereby reducing
the dielectric strength of the body 412. Such compressive force development also at
least partially prevents degradation of the body 412 from thermal and/or mechanical
shock from exposure to rapidly changing temperatures, pressures, chemical
degradants, and impulse forces with each combustion event. For example, the
embodiment illustrated in Figure 4B is configured specifically for sustained voltage
containment of the body 412, increased strength against fracture due to high loading

forces including point loading, as well as low or high cycle fatigue forces.

[0034] Another benefit of the oriented crystalline grains 434 combined with the
compressive zones 435, is that this configuration of the grains 434 provides maximum
dielectric strength for containing voltage that is established across the body 412. For
example, this configuration provides remarkable dielectric strength improvement of up
to 2.4 KV/.001 inch in sections that are greater than 1 mm or 0.040 inch thick. These
are significantly higher values compared to the same ceramic composition without
such new grain characterization with only approximately 1.0 to 1.3 KV/.001 inch

dielectric strength.

[0035] Several processes for producing insulators described above with
compressive surface features are described in detail below. In one embodiment, for
example, an insulator configured in accordance with an embodiment of the disclosure
can be made from materials disclosed by U.S. Patent No. 3,689,293, which is
incorporated herein in its entirety by reference. For example, an insulator can be
made from a material including the following ingredients by weight: 25-60% SiO,, 15-
35% R,03 (where R;0;3 is 3-15% B,03; and 5-25% AlOs3), 4-25% MgO+0-7% Li,O
(with the total of MgO+Li,O being between about 6-25%), 2-20% R20 (where R0 is
0-15% Na,0, 0-15% K0, 0-15% Rb;0), 0-15% Rb,0, 0-20% Cs,0, and with 4-20%
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F. More specifically, in one embodiment, an illustrative formula consists of 43.9%
Si0O,, 13.8%Mg0O, 15.7% AlLOs, 10.7%K;0, 8.1%B,03, and 7.9% F. In other
embodiments, however, insulators configured in accordance with embodiments of the
disclosure can be made from greater or lesser percentages of these constituent

materials, as well as different materials.

[0036] According to one embodiment of the disclosure, the ingredients
constituting the insulator are ball milled and fused in a suitable closed crucible that
has been made impervious and non-reactive to the formula of the constituent
ingredients forming the insulator. The ingredients are held at approximately 1400°C
(e.g., 2550°F) for a period that assures thorough mixing of the fused formula. The
fused mass is then cooled and ball milled again, along with additives that may be
selected from the group including binders, lubricants, and firing aids. The ingredients
are then extruded in various desired shapes including, for example, a tube, and
heated to about 800°C (1470°F) for a time above the transformation temperature.
Heating above the transformation temperature stimulates fluoromica crystal
nucleation. The extruded ingredients can then be further heated and pressure formed
or extruded at about 850-1100'C (1560-2010°F). This secondary heating causes
crystals that are being formed to become shaped as generally described above for

maximizing the dielectric strength in preferred directions of the resulting product.

[0037] Crystallization of such materials, including, for example, mica glasses
including a composition of KoMgsSigO20F4, produces an exothermic heat release as
the volumetric packing efficiency of the grains increases and the corresponding
density increases. Transformation activity, such as nucleation, exothermic heat
release rate, characterization of the crystallization, and temperature of the
crystallization, is a function of fluorine content and or B,Os content of the insulator.
Accordingly, processing the insulator with control of these variables enables
improvements in the yield, tensile, fatigue strength, and/or dielectric strength, as well

as increasing the chemical resistance of the insulator.

[0038] This provides an important new anisotropic result of maximum dielectric
strength as may be designed and achieved by directed forming including extruding a
precursor tube into a smaller diameter or thinner walled tubing to produce elongated
and or oriented crystal grains typical to the representational population that are

formed and layered to more or less surround a desired feature such as an internal
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diameter that is produced by conforming to a mandrel that is used for accomplishing

such hot forming or extrusion.

[0039] According to another embodiment, a method of at least partially orienting
and/or compressing the grains 434 of Figures 4A/B according to the illustrated
embodiment may be achieved by the addition of B,O3 and/or fluorine to surfaces that
are desired to become compressively stressed against balancing tensile stresses in
the substrate of formed and heat-treated products. Such addition of B;Os3, fluorine, or
similarly actuating agents may be accomplished in a manner similar to dopants that
are added and diffused into desired locations in semiconductors. These actuating
agents can also be applied as an enriched formula of the component formula that is
applied by sputtering, vapor deposition, painting, and/or washing. Furthermore, these
actuating agents by be produced by reactant presentation and condensation

reactions.

[0040] Increased B,O3; and/or fluorine content of material at and near the
surfaces that are desired to become compressively loaded causes more rapid
nucleation of fluoromica crystals. This nucleation causes a greater number of smaller
crystals to compete with diffusion added material in comparison with non-compressive
substrate zones of the formula. This process accordingly provides for a greater
packing efficiency in the non-compressive substrate zones than in the compressive
zones closer to the surfaces that have received enrichment with B,Os, fluorine, and/or
other actuating agents that produce the additional nucleation of fluoromica crystals.
As a result, the desirable surface compression preloading strengthens the component

against ignition events and chemical agents.

[0041] According to another method of producing or enhancing compressive
forces that are balanced by tensile forces in corresponding substrates includes
heating the target zone to be placed in compression. The target zone can be
sufficiently heated to re-solution the crystals as an amorphous structure. The
substrate can then be quenched to sufficiently retain substantial portions of the
amorphous structure. Depending upon the type of components involved, such
heating may be in a furnace. Such heating may also be by radiation from a
resistance or induction heated source, as well as by an electron beam or laser.
Another variation of this process is to provide for increased numbers of smaller

crystals or grains by heat-treating and/or adding crystallization nucleation and growth
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stimulants (e.g., B,Os and/or fluorine) to partially solutioned zones to rapidly provide

recrystallization to develop the desired compressive stresses.

System for Manufacturing

[0042] Figure 5A schematically illustrates a system 500a for implementing a
process including fusion and extrusion for forming an insulator with compressive
stresses in desired zones according to another embodiment of the disclosure. More
specifically, in the illustrated embodiment the system 500a includes a crucible 540a
that can be made from a refractory metal, ceramic, or pyrolytic graphite material. The
crucible 540a can include a suitable conversion coating, or an impervious and non-
reactive liner such as a thin selection of platinum or a platinum group barrier coating.
The crucible 540a is loaded with a charge 541a of a recipe as generally described
above (e.g., a charge containing approximately 25-60% SiO,, 15-35% R;03 (where
R,03 is 3-15% B,0; and 5-25% Al,O3), 4-25% MgO+0-7% Li,O (where the total of
MgO+Li;O being between about 6-25%), 2-20% R,O (where R0 is 0-15% Na.O, 0-
15% K0, 0-15% Rb,0), 0-15% Rb,O and 0-20% Cs,0O, and 4-20% F), or suitable
formulas for producing mica glass, such as a material with an approximate

composition of KaMgsSigOa0F 4.

[0043] The crucible can heat and fuse the charge 541a in a protective
atmosphere. For example, the crucible 540a can heat the charge 541a via any
suitable heating process including, for example, resistance, electron beam, laser,
inductive heating, and/or by radiation from sources that are heated by such energy
conversion techniques. After suitable mixing and fusion to produce a substantially
homogeneous charge 541a, a cover or cap 542a applies pressure to the charge 541a
in the crucible 540a. A gas source 543a can also apply an inert gas and/or process
gas into the crucible 540a sealed by the cap 542a. A pressure regulator 544a can
regulate the pressure in the crucible 540a to cause the fused charge 541a to flow into
a die assembly 545a. The die assembly 545a is configured to form a tube-shaped
dielectric body. The die assembly 545a includes a female sleeve 546a that receives
a male mandrel 547a. The die assembly 545a also includes one or more rigidizing
spider fins 548a. The formed tubing flows through the die assembly 545a into a first
zone 549a where the formed tubing is cooled to solidify as amorphous material and

begin nucleation of fluoromica crystals. The die assembly 545a then advances the
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tubing to a second zone 550a to undergo further refinement by reducing the wall

thickness of the tubing to further facilitate crystallization of fluoromica crystals.

[0044] Figure 5B schematically illustrates a system 500b for implementing a
process also including fusion and extrusion for forming an insulator with compressive
stresses in desired zones according to another embodiment of the disclosure. More
specifically, in the illustrated embodiment the system 500b includes a crucible 540b
that can be made from a refractory metal, ceramic, or pyrolytic graphite material. The
crucible 540b can include a suitable conversion coating, or an impervious and non-
reactive liner such as a thin selection of platinum or a platinum group barrier coating.
The crucible 540b is loaded with a charge 541b of a recipe as generally described
above (e.g., a charge containing approximately 25-60% SiO,, 15-35% ROz (where
R,0s is 3-15% B,03 and 5-25% Al,Q3), 4-25% MgO+0-7% Li,O (where the total of
MgO+Li,O being between about 6-25%), 2-20% R.0 (where R;0 is 0-15% Naz0O, 0-
15% K,0, 0-15% Rb,0), 0-15% Rb,0O and 0-20% Cs,0, and 4-20% F), or suitable
formulas for producing mica glass, such a material with an approximate composition
of K2MgsSigOz0F 4.

[0045] The system 500b also includes a cover or cap 542b including a reflective
assembly 543b and heaters 544b. The system 500b can heat and fuse the charge
741b in a protective atmosphere, such as in a vacuum or with an inert gas between
the crucible 540b and the cover 542b. For example, the system 500b can heat the
charge 541b via crucible heaters 545b, the cover heaters 544b, and/or via any
suitable heating process including, for example, resistance, electron beam, laser,
inductive heating and/or by radiation from sources that are heated by such energy
conversion techniques. After suitable mixing and fusion to produce a substantially
homogeneous charge 541b, the cover 542b applies pressure to the charge 541b in
the crucible 540b. A gas source 546b can also apply an inert gas and/or process gas
into the crucible 540b sealed by the cover 542b at a seal interface 547b. A pressure
regulator can regulate the pressure in the crucible 540b to cause the fused charge
541b to flow into a die assembly 549b. The die assembly 549b is configured to form
a tube-shaped dielectric body. The die assembly 749b includes a female sleeve 550b
that receives a male mandrel 551b. The die assembly 549b can also include one or
more rigidizing spider fins 552b. The formed tubing 501b flows through the die

-16-



WO 2011/034655 PCT/US2010/042812

assembly 549b into a first zone 553b where the formed tubing 501b is cooled to

solidify as amorphous material and begin nucleation of fluoromica crystals.

[0046] At least a portion of the die assembly 549b, including the formed tubing
501b with nucleated fluoromica glass, is then rotated or otherwise moved to a position
502b aligned with a second die assembly. A cylinder 555b urges the formed tubing
501b from a first zone 556b to a second zone 557b. In the second zone 557D, the
second die assembly can reheat the formed tubing 501b to accelerate crystal growth
as it is further refined to continue production of preferably oriented grains described
above. The formed tubing 501b is then advanced to a third zone 558b to undergo
further grain refinement and orientation. Selected contact areas of the third zone
558b may be occasionally dusted or dressed with a grain nucleation accelerator,
including, for example, AlF3;, MgF, and/or B,Os. In the third zone 558b, the formed
tubing 501b is further refined by the reduction of the wall thickness of the formed
tubing 501b to even further facilitate crystallization of fluoromica crystals and to thus
generate the desired compressive forces in areas according to the grain structures
described above, along with balancing tensile forces in areas described above.
Subsequently, formed tubing 501b, which includes the exceptionally high physical and
dielectric strength formed by the compressively stressed and impervious surfaces,

can be deposited on a conveyer 559b for moving the formed tubing 501b.

[0047] Alternative systems and methods for producing insulative tubing with
these improved dielectric properties may utilize a pressure gradient as disclosed in
U.S. Patent No. 5,863,326, which is incorporated herein by reference in its entirety, to
develop the desired shape, powder compaction, and sintering processes. Further
systems and methods can include the single crystal conversion process disclosed in
U.S. Patent No. 5,549,746, which is incorporated herein by reference in its entirety, as
well as the forming process disclosed in U.S. Patent 3,608,050, which is incorporated
herein by reference in its entirety, to convert multicrystalline material into essentially
single crystal material with much higher dielectric strength.  According to
embodiments of the disclosure, the conversion of multi-crystalline materials (e.g.,
alumina) with only approximately 0.3 to 0.4 KV/.001" dielectric strength, to single
crystal materials can achieve dielectric strengths of at least approximately 1.2 to 1.4
KV/.001". This improved dielectric strength allows injectors according to the present

disclosure to be used in various applications, including for example, with high-
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compression diesel engines with very small ports into the combustion chamber, as

well as with high-boost supercharged and turbocharged engines.

[0048] According to yet another embodiment of the disclosure for forming
insulators with high dielectric strength, insulators can be formed from any of the
compositions illustrated in Table 2. More specifically, Table 2 provides illustrative
formula selections of approximate weight-percentage compositions on an oxide basis,

according to several embodiments of the disclosure.

COMPOSITION D COMPOSITION R
44% SiO; 41% SiO,
16% Al,O3 21% MgO
15% MgO 16% Al,O3

9% K0 9% B,03
8% B,03 9% F
8% F 4% K0

Table 2: IMustrative Dielectric Compositions

[0049] Selected substance precursors that will provide the final oxide
composition percentages, such as the materials illustrated in Table 2, can be ball
milled and melted in a covered crucible at approximately 1300-1400 C for
approximately 4 hours to provide a homogeneous solution. The melt may then be
cast to form tubes that are then annealed at approximately 500-600 C. Tubes may
then be further heat treated at approximately 750°C for approximately 4 hours and
then dusted with a nucleation stimulant, such as B,O3;. The tubes may then be
reformed at approximately 1100 to 1250 C to stimulate nucleation and produce the
desired crystal orientation. These tubes may also be further heat treated for
approximately 4 hours to provide dielectric strength of at least approximately 2.0 to
2.7 KV/.001".

[0050] In still further embodiments, the homogeneous solution may be ball milled
and provided with suitable binder and lubricant additives for ambient temperature
extrusion to produce good tubing surfaces. The resulting tubing may then be coated
with a film that contains a nucleation stimulant such as B;O3; and heat treated to

provide at least approximately 1.9 to 2.5 KV/.001" dielectric strength and improved
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physical strength. Depending upon the ability to retain suitable dimensions of the
tubing, including for example, the "roundness" of the extruded tubing or the profile of
the tubing, higher heat treatment temperatures may be provided for shorter times to

provide similar high dielectric and physical strength properties.

[0051] The embodiments of the systems and methods for producing the dielectric
materials described above facilitate improved dielectric strengths of various
combinations of materials thereby solving the very difficult problems of high voltage
containment required for combusting low energy density fuels. For example, injectors
with high dielectric strength materials can be extremely rugged and capable of
operation with fuels that vary from cryogenic mixtures of solids, liquids, and vapors to

superheated diesel fuel, as well as other types of fuel.

[0052] In another aspect, the high strength dielectric material embodiments
disclosed herein also enable new processes with various hydrocarbons that can be
stored for long periods to provide heat and power by various combinations and
applications of engine-generator-heat exchangers for emergency rescue and disaster
relief purposes including refrigerated storage and ice production along with pure and
or safe water and sterilized equipment to support medical efforts. Low vapor pressure
and or sticky fuel substances may be heated to develop sufficient vapor pressure and
reduced viscosity to flow quickly and produce fuel injection bursts with high surface to
volume ratios that rapidly complete stratified or layered charge combustion processes.
lllustratively, large blocks of paraffin, compressed cellulose, stabilized animal or
vegetable fats, tar, various polymers including polyethylenes, distillation residuals, off-
grade diesel oils and other long hydrocarbon alkanes, aromatics, and cycloalkanes
may be stored in areas suitable for disaster response. These illustrative fuel
selections that offer long-term storage advantages cannot be utilized by conventional
fuel carburetion or injection systems. However the present embodiments provide for
such fuels to be heated including provisions for utilization of hot coolant or exhaust
streams from a heat engine in heat exchangers to produce adequate temperatures,
for example between approximately 150-425°C (300-800°F) to provide for direct
injection by injectors disclosed herein for very fast completion of combustion upon

injection and plasma projection ignition.

[0053] Referring to Figure 6, in another embodiment a fuel injector device is

disclosed. This embodiment provides: (1) up to 3000 times greater fuel flow capacity
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than current diesel fuel injectors to enable utilization of low cost fuels such as landfill
gas, anaerobic digester methane, and various mixtures of hydrogen and other fuel
species along with substantial amounts of non-fuel substances such as water vapor,
carbon dioxide, and nitrogen; (2) plasma ignition of such fuel as it is projected into the
combustion chamber; and (3) replacement of diesel fuel injectors in the time of a

tune-up.

[0054] Fuel injector 600 utilizes a ceramic insulator body 602 that provides
dielectric containment of more than 80,000 volts at direct current to megahertz
frequencies in sections that are less than 1.8 mm (0.071”) thick between electrically
conductive electrode 603 and the outer surface of insulator 602 as shown in Figures
600 and 602.

[0055] In instances that high frequency voltage is applied to establish ion
currents or ion oscillation between electrodes 626 and the bore 620 of conductive
layer 603 of copper or silver may be increased by additional plating to provide greater
high frequency conductivity. In the alternative a litz wire braid may be placed over the

optical fibers in the core to reduce resistive losses.

[0056] Insulator 602 is made from a glass with the approximate composition by

weight percentage of Formula 1

FORMULA 1:
SiO; 24-48
MgO 12-28
Al;03 9-20
Cr03 0.5-6.5
F 1-9
BaO 0-14
CuO 0-5
SrO 0-11
Ag20 0-3.5
NiO 0-1.5
B203 0-9
[0057] To produce the insulator 602, the composition is ball milled, melted in a

suitable crucible such as a platinum, silica, magnesia, or alumina material selection
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and extruded, compression molded, or cast into masses suitable for reheating and

forming into parts of near net shape and dimensions.

[0058] In one aspect of this embodiment, a suitable composition by weight such
as set forth in Formula 2 is melted at a temperature between about 1350°C and

1550°C in a covered platinum, alumina, magnesia, or silica crucible.

FORMULA 2:

SiO; 31

MgO 22

Al,O3 17

Cr03 2.2

F 4.5

BaO 13 \
CuO 0.4

SrO 9.5

Ag.0 0.3

NiO 0.1

[0059] Tubular profiles can be extruded from the melt or somewhat cooled

material that is hot formed at temperatures between about 1050°C and 1200°C.
Masses that are cast to provide the volume necessary for hot extrusion into tubing or
other profiles or for forging into parts of near net shape and dimensions are slow
cooled. Such masses are heated to a suitable temperature for hot forming such as
between about 1050°C and 1250°C and formed by extrusion to the desired profile
shapes and dimensions as may be produced through a suitable die including a
refractory material such as platinum, molybdenum or graphite. The extruded profile is
dusted with one or more suitable crystallization nucleates such as BN, B;Os, AlF3, B,
AlB;, AlIBj; or AIN to produce a greater number of small crystals in the resulting
surface zones than in the central zones to thus reduce the volumetric packing
efficiency to provide compressive stresses in the surface zones and tensile stresses

in the central zones.

[0060] Further development of compressive stresses may be produced if desired
by elongation of the crystals in the outer layers by deformation and drag induced by
the die as the extruded article is forced to form a smaller cross section, which causes

such elongation.
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[0061] More complex shapes and forms may be compression molded or formed
in a super alloy or graphite mold assembly that has been dusted with suitable
crystallization nucleates such as B,O3 or BN to produce similar compressive stresses

in near surface zones.

[0062] Previous applications desired combinations of chemical formulas and heat
treatments for production of machinable material. This embodiment accomplishes the
opposite, such that it produces articles that cannot be machined because the surface
zones are too hard to be machined due to the compressive stresses that are
balanced by tensile stresses in central section zones between or adjacent to zones

with compressive stresses.

[0063] This embodiment overcomes the inherent prior art drawbacks including
producing material that is designed to intentionally crack near zones where cutting
tools apply stress to enable progressive chip formation to provide machinability. Such
characteristic crack formation to allow machinability, however, inherently allows
adverse admissions of substances such as organic compounds including engine
lubricants, surfactants, hand fat and sweat into such cracks. Organic materials
eventually tend to dehydrogenate or in other ways become carbon donors which then
subsequently become electrically conductive pathways along with various electrolytes
that are introduced into such cracks to compromise the dielectric strength of the
machinable ceramic article, which ultimately causes voltage containment failure. The

present embodiment remedies these drawbacks.

[0064] In another aspect of this embodiment, another suitable formula for
components such as insulator 602 of Figure 6 (shown as a tube) has the approximate

weight percentages as set forth in Formula 3:

FORMULA 3
SiO; 30
MgO 22
Al,O3 18
Cr,03 3.2
F 4.3
BaO 12
SrO 3.6
CuO 4.9
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Ag20 1.3
NiO 0.1
[0065] Insulator 602 is formed with the cross section shown in Figure 602

including bore 603 and grooves or channels 604. At the zone nearest to the
combustion chamber channels 604 are closed by tapering into the diameter that
elastomer tubing normally closes and seals against as shown in Figure 604. After
insulator tube 602 is extruded it is cooled to about 650°C by passage of hydrogen
through bore 603 which reduces the copper oxide and/or silver oxide to produce a
metallic surface of copper and/or an alloy of silver and copper. After development of a
suitable thickness of conductive metal 603, the outer surface of tube 602 is heated by
a suitable source such as radiation from an induction heated tube surrounding 602 or
by an oxidizing flame such as a surplus oxygen-hydrogen flame and a suitable
crystallization and/or fineness agent is administered to the surface to produce
compressive stresses that are balanced by tensile forces in the zone within the

interior of insulator tube 602.

[0066] Insulator 602 may be formed as a tube by extrusion or hot forging and
includes grooves or channels 604 for fuel passage from a suitable metering valve
such as disk 606, which is normally closed against orifices 608. Orifices 608 connect
through passages 610 to an annular groove that delivers fuel to channels 604 as
shown. Orifices 608 may have suitable seal components such as O-rings 612 as
shown to assure leak free shut off of fuel flow at times that disk 606 is in the normally

closed position against such orifices.

[0067] Suitable sleeve 618 may be a high strength polymer such as polyamide-
imide (Torlon) or a thermosetting composite with Kapton, glass fiber or graphite
reinforcement or in the alternative it may be an aluminum, titanium or steel alloy.
Sleeve 618 includes suitable mounting feature 616 that enables rapid clamping for
replacement of the previously utilized diesel fuel injector in the host engine. Seal 622
may be an elastomer such as a FKM, Viton or a fluorosilicone elastomer to seal 618
against the gases produced in the combustion chamber and to prevent passage of

engine lubricant into the combustion chamber.

[0068] In operation, fuel is admitted through suitable fitting 652 to cool solenoid

winding 658. Just before desired fuel-injection, current is established in solenoid

-23-



WO 2011/034655 PCT/US2010/042812

winding 658 to attract valve disk 606 away from permanent ring-disk magnet 642. In
the alternative or in addition a suitable disk spring 646 is compressed as valve 606
opens to allow fuel flow through zone 662 to pass through orifices 408 into channels
604 and to the zone past seal 622 to open elastomer sleeve 630 and allow fuel to
burst into the zone between electrode 626 and the combustion chamber entry port
bore through section 620 as shown in Figure 6. Elastomer sleeve 630 is normally
closed against the cylindrical portion of insulator 602 that extends beyond the end of

grooves 604 as shown.

[0069] In applications that a solenoid assembly is chosen instead of a
piezoelectric, pneumatic, hydraulic or mechanical linkage for actuation of valve 6086,
extremely fast acting operation of ferromagnetic valve 606 is provided by application
of 24 to 240 VDC to insulated winding 658. This servers the purpose of developing
exceptionally high current and valve actuation force for short times in about 3% to
21% duty cycles depending upon the mode of operation to enable cooling of the
solenoid components as a result of heat transfer to fuel that flows from fitting 652 to
cool winding 658 as it passes through slots or passages 607 of valve 606 to orifices

608 as shown.

[0070] Fuel is delivered by channels 604 to elastomeric tube valve 630 which is
normally sealed against insulator 602. Pressurization of the fuel in channels 604 by
the opening of valve 606 forces tube valve 630 open and fuel is injected into the

combustion chamber through the annular opening presented.

[0071] Suitable insulation of the copper magnet wire for such applications include
polyimide varnish and aluminum plating on the copper wire selected, in which the
aluminum plating is oxidized or partially oxidized to produce alumina. Such aluminum
plating and oxidation may also be utilized in combination with polyimide or polyamide-
imide or parylene insulation films. The assembly shown with ferromagnetic
components 666, 650, and 662 direct the magnetic flux produced by winding 664
through ferromagnetic valve 606 to enable very fast action of valve 606.

[0072] Insulator 656 may be produced from any of the formulas given herein and
provides containment of high voltage applied by a suitable insulated cable that is
inserted into receiver 660 to contact conductor 603 thus providing connection to a

suitable source such as a piezoelectric or induction transformer. Insulator 656 may
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be sealed against ferromagnetic sleeve 650 by swaging, brazing, soldering or by a
suitable sealant such as epoxy as shown and along with insulator 602 contains

ferromagnetic disks 666 and 662 as shown.

[0073] In instances that production line brazing or soldering of insulator 656 to
650 is desired at contact zone 654, the corresponding contact zone of 656 may be
metalized by masked or otherwise localized hydrogen reduction of copper oxide
and/or silver oxide such as provided in Formula 3. Alternatively a suitable metallic
zone may be plated by other suitable technologies including sputtering or vapor

deposition.

[0074] Instrumentation such as optical fibers 624 may therefore be protected by
insulator 602 through electrode portions 626 and 628 to the interface of combustion

chamber 670 as shown in Figure 6A.

[0075] Figure 6B shows an alternative orientation of fuel inlet fitting 652 and
arrangements for developing temperature, pressure data and delivery of such data to
a microprocessor by fiber optics 624 that pass through the core of the high voltage
conductor 603 as shown. High voltage supplied by a suitable source such as a
transformer, capacitor, or piezoelectric generator is applied through an insulated cable
and dielectric boot to terminal 625 and is conducted through conductive tube or
surface 603 to electrode 626 for developing a plasma in the annular zone between
electrode 626 continuing to a feature 628 that is suitable for projecting fuel into the
combustion chamber in the desired pattern and which surrounds and protects fiber

optics 624 as shown.

Alternate Embodiments

[0076] In other embodiments, the above principles can be applied to other
materials capable of phase change, including nonceramic materials or other
chemistries. For example, in any material in which a phase change may be
selectively introduced in selective zones of the material, the above principles may be
applied to induce the phase change and thus modify the properties of the material
either in the selected zones or in the material as a whole. As such, the above
principles can be applied to produce materials with desirable properties including but
not limited to insulators. For example, in a material capable of a phase change that

would alter the density of the material if the material was allowed to expand in volume,
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the same compressive and tensive forces described above could be introduced into
the material by selectively inducing phase changes without allowing appreciable
changes in volume. In this way, a material could be strengthened by, for example,
preventing the propagation of cracks through the material due the compressive and

tensive forces in the material.

[0077] Similarly, in other materials the phase change can be used to alter other
properties. For example, in a system where the phase change alters the index of
refraction, the phase change can be selectively introduced in selective zones to alter
the index of refraction in those zones. In this way the index of refraction can be
modified in a single material across a cross-section of the material based on the
induced phase changes. In another example, if the phase change alters the chemical
or corrosive resistance in the material, the corrosive or chemical resistance of
selected zones of the material can be modified by selectively inducing a phase

change in those selected zones.

[0078] In another aspect, flame or heat processing can be used to improve the
above or other properties of the material. The flame or heat processing can include
the use of a hydrogen torch, inductive or resistive heating, or any other method known
in the art, including techniques to target specific locations within the material to select
zones for treatment within the material or at the surface of the material by, for

example, selecting the particular wavelength of an applied radiation.

[0079] The flame or heat processing can be used to process the surface of the
material, including to smooth the surface to prevent stress risers that may weaken the
material or for other advantages. For example, upon heating, surface tension due to
covalent and/or ionic bonds within the material can cause the surface to smooth thus

reducing or eliminating stress risers or other defects on the surface of the material.

[0080] The flame or heat processing can also be used to induce a phase change
in the material for the reasons set forth above. For example, if the material includes
boron oxide, a reducing flame may be employed to create a boron rich zone. Then,
an oxidizing flame may be employed to oxidize the boron resulting in a more effective
nucleating agent and/or to enhance the ability to select the specific zone of the
material for nucleation/phase change. This process can be applied to any component

of the material susceptible to flame or heat processing, including any metallic
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compound. Similarly the flame or heat processing could be used to directly modify
the material or a zone in the material depending on the specific composition of the
material or the zone. The flame or heat treatment can result in more crystal grains as
set forth above, and/or improved selection of target zones for treatment, thus further
improving material endurance, dielectric strength, and/or other properties. In another
aspect, the flame or heat treatment can be employed to prevent nucleation or other
changes in the flame or heat treated zone by vaporizing and/or deactivating the

nucleate in the selected zone.

[0081] In other embodiments other properties can be modified by selectively
inducing a phase change. These properties include modifications of surface tension,
friction, index of refraction, speed of sound, modulus of elasticity and thermal

conductivity.

[0082] It will be apparent that various changes and modifications can be made
without departing from the scope of the disclosure. For example, the dielectric
strength or other properties may be altered or varied to include alternative materials
and processing means or may include alternative configurations than those shown

and described and still be within the spirit of the disclosure.

[0083] Unless the context clearly requires otherwise, throughout the description
and the claims, the words "comprise," "comprising," and the like are to be construed
in an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say,
in a sense of "including, but not limited to." Words using the singular or plural number
also include the plural or singular number, respectively. When the claims use the
word "or" in reference to a list of two or more items, that word covers all of the
following interpretations of the word: any of the items in the list, all of the items in the

list, and any combination of the items in the list.

[0084] The various embodiments described above can be combined to provide
further embodiments. All of the U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification and/or listed in the Application Data Sheet
are incorporated herein by reference, in their entirety. Aspects of the disclosure can

be modified, if necessary, with various configurations, and concepts of the various
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patents, applications, and publications to provide yet further embodiments of the

disclosure.

[0085] These and other changes can be made to the disclosure in light of the
above-detailed description. In general, in the following claims, the terms used should
not be construed to limit the disclosure to the specific embodiments disclosed in the
specification and the claims, but should be construed to include all systems and
methods that operate in accordance with the claims. Accordingly, the invention is not
limited by the disclosure, but instead its scope is to be determined broadly by the

following claims.
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CLAIMS

| claim:

1.

An insulator comprising:

a ceramic composition,

wherein the ceramic composition comprises crystalline grains and wherein the
crystalline grains are substantially oriented to extend in a first direction to
provide improved insulating properties in a direction perpendicular to the first

direction.

The insulator of claim 1 wherein the ceramic composition comprises:

about 25-60% SiOy;

15-35% R,03, wherein the R;03 is 3-15% B,03 and 5-25% Al,Og;

4-25% MgO+0-7% Li,O, wherein the total of MgO+Li,O is between about 6-
25%;

2-20% R0, wherein the R0 is 0-15% Na0, 0-15% K;0, 0-15% Rb20;
0-15% Rb0;

0-20% Cs;0; and

4-20% F).

The insulator of claim 2, wherein the first direction is circumferential and the

direction perpendicular to the first direction is radial.

The insulator of claim 3 further comprising a first zone and a second zone

wherein the first zone is in compression and the second zone is in tension.

The insulator of claim 4 wherein the first zone is adjacent an outer surface of

the insulator.

The insulator of claim 5 wherein the first zone comprises more crystal grains

per volume that the second zone.
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7.

10.

11.

12.

13.

The insulator of claim 5 wherein the crystal grains of the first zone have a

packing efficiency less than the crystal grains of the second zone.

The insulator of claim 5 wherein the first zone comprises diffused ions,

sputtered surfaces, or a dopant.

The insulator of claim 4 wherein the insulator has a dielectric strength of
greater than about 1.2 KV/0.001" at a temperature from about -30 °C to 450
(o]

C.

The insulator of claim 4 wherein the insulator has a dielectric strength of
greater than about 1.9 KV/0.001" at a temperature from about -30 °C to 450
o]

C.

The insulator of claim 4 wherein the insulator has a dielectric strength of
greater than about 2.5 KV/0.001" at a temperature from about -30 °C to 450
(o]

C.

The insulator of claim 4 wherein the insulator has a dielectric strength of

greater than about 3 KV/0.001" at a temperature from about -30 °C to 450 °C.

An insulator comprising:

a ceramic composition, wherein the ceramic composition comprises:

about 25-60% SiO,; 15-35% R,03, wherein the R;03 is 3-15% B0z and 5-
25% Al,03; 4-25% MgO+0-7% Li>O, wherein the total of MgO+Li;0 is between
about 6-25%; 2-20% R,0, wherein the R0 is 0-15% Naz0, 0-15% K0, 0-15%
Rb,0; 0-15% Rb,0; 0-20% Cs,0; and 4-20% F;

crystalline grains, wherein the crystalline grains are substantially oriented to
extend in a first direction to provide improved insulating properties in a direction
perpendicular to the first direction, wherein the first direction is circumferential
and the direction perpendicular to the first direction is radial, and

a first zone and a second zone, wherein the first zone is in compression and

the second zone is in tension.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

A fuel injector-igniter comprising the insulator of claim 4.

A method of modifying one or more properties of a substantially amorphous
material comprising:

providing a substantially amorphous material;

selectively inducing a phase change in a first zone of the material without

substantially inducing a phase change in a second zone of the material.

The method of claim 15 wherein the step of selectively inducing a phase
change in a first zone of the material comprises inducing crystallization in the

first zone.

The method of claim 16 wherein the step of inducing crystallization comprises

seeding at least a portion of the first zone.

The method of claim 16 wherein the step of inducing crystallization comprises

providing a nucleating agent to at least a portion of the first zone.

The method of claim 16 wherein following the step of selectively inducing a
phase change in a first zone of the material, the first zone of material is under

compression and the second zone of the material is under tension.

The method of claim 15 wherein following the step of selectively inducing a
phase change in a first zone of the material, the first zone of material has an

index of refraction different from the second zone of the material.

The method of claim 15 wherein following the step of selectively inducing a
phase change in a first zone of the material, the first zone of material has a

chemical or corrosion resistance different from the second zone of the material.

The method of claim 19 wherein the material is a ceramic.
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