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Compositions and Insulation Bodies Having Low Thermal
Conductivity
ield of the  on -
The present invention relates to compositions with
improved thermal conductivity properties. The present
invention also relates to insulation bodies comprising the

compositions.

Background:

Insulation materials are currently utilized in
applications which include windows, buildings, appliances,
as well as other industrial and home equipment. One type
of insulation is “powder-in-vacuum” insulation, wherein a
vacuum space is filled with a particulate insulating
composition, such as a powder. Powder-in-vacuum insulation
may be utilized in insulation panels, in applications
including home and industrial appliances, including
refrigerators, water heaters, and equipment for the storage
and transport of high and low temperature liquids.

The terminology “vacuum panel” or “vacuum insulation
panel” may be utilized to describe powder-in-vacuum
insulation, e.g. an insulation structure having reduced
internal pressure. Vacuum insulation panels generally
comprise an insulating composition and a vessel formed of a
substantially impermeable film surrounding the filler
material. The vessel is generally evacuated to an internal
pressure below atmospheric pressure awd hermetically
sealed. In addition to providing insulating value, the
functions of the insulating composition include supporting
the skin of the vessel so that the vessel does not collapse
during evacuation.

Vacuum insulation panels may be advantageously
utilized in insulation applications including the walls of
the refrigeration appliances. It is advantageous for such
panels to remain effective for the life of the appliance,
which may exceed 20 years.
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The insulating characteristics of a vacuum panel are a
function of the thermal conductivity of the particulate
composition utilized and the degree of vacuum established
and maintained. .

There are at least several difficulties which may be
encountered in the use of an insulating system in which a
vacuum space is filled with an insulation material. In
general, greater insulating values are achieved at vacuum
levels farther beneath ambient, or put another way, thermal
conductivity increases with increasing absolute pressure.
As a result, manufacturing costs are increased by the need
to establish vacuum levels farther beneath ambient (low
absolute pressures), to provide a greater initial
insulating value (lower thermal conductivity) and to
minimize the reduction of the insulating value as a result
of the loss of vacuum level through leakage, temperature
increase and/or insulation material off-gassing. 1In
addition, manufacturing and production costs are increased
by the need for substantially gas impermeable barrier
materials (e.g. vacuum bags) which will hold the insulation
material, and maintain low vacuum levels.

It would be advantageous to have compositions which
achieve improved thermal conductivities. Such compositions
would be advantageous for use in insulation structures
including, but not limited to, insulation panels having
reduced internal pressures or other forms of powder-in-
vacuum insulation. -

It would also be advantageous to have a composition
which achieves a thermal conductivity value satisfactory
for use in general insulation applications, at a vacuum
level closer to ambient Pressure than heretofore known
insulating materials to thereby lower the production and
manufacturing costs associated with establishing vacuum
levels farther from ambient conditions, and the need for
highly impermeable barrier materials, to maintain the

vacuum levels. Such an insulating composition may
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advantageously increase the useful lifetime of the

insulation structure.

Summary of the Invepntion:

The present inventioﬁ provides a particulate
composition which under 103421 Pa (15 psi) load, at 20° ¢
(Celsius), and at a pressure (P) within the range of
133.322 - 13332.2 Pa (1-100 Torr), in Nitrogen has:

a packing density of less than or equal to 160

kilograms per cubic meter (kg/m3) and

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of
less than or equal to 0.260lnP + 4.53 milliWatt/meterk
(mW/meK) (TC < (0.2601nP + 4.53) mW/meK) and a TC at
1333.322-13332.2 Pa of less than or equal to (0.8241npP +
0.47) mW/meK (TC < (0.8241nP + 0.47) mW/meK) .

In accordance with one aspect of the present invention
there is provided a particulate composition which under a
103421 Pa 1load, at 20° C, and at a pressure of 133.322 Ppa
(1 Torr), in Nitrogen, has:

a packing density of less than or equal to 160 kg/m3,
and

a TC of less than or equal to 5.8 mW/meK.

In accordance with another aspect of the present
invention there is provided a particulate composition which
under a 103421 Pa load, at 20° C, and at a pressure of
1333.22 Pa (10 Torr), in Nitrogen, has

a packing density of less than S} equal to 160 kg/m3,
and

a TC of less than or equal to 6.4 mW/meXK.

In accordance with a further aspect of the present
invention there is provided a particulate composition which
under a 103421 Pa load, at 20° C, and at a pressure of
13332.2 Pa (100 Torr), in Nitrogen, has

a packing density of less than or equal to 160 kg/m3,
and
a TC of less than or equal to 9 mW/meK.

- SUBSTITUTE SHEET (RULE 26)
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In accordance with a further aspect of the present
invention there is provided a particulate composition which
under 103421 Pa (15 psi) load, at 20° C, and at any
pressure (P) range of 133.322 - 13332.2 Pa (1-100 Torr), in

Nitrogen, has

a packing density of less than or equal to 160 kg/m3,
and

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of
less than or equal to 0.2601lnP + 4.53 milliWatt/meterkK
(mW/meK) (TC < (0.2601lnP + 4.53) mW/meK) and a TC at
1333.322-13332.2 Pa of less than or equal to (0.8241nP +
0.47) mW/meK (TC < (0.8241nP + 0.47) mW/meK) .

As used herein with reference to the compositions of
the present invention “particulate” refers to a non-
monolithic structure comprising discrete particles,
granules, fibers and/or mixtures thereof. A preferred
composition of the present invention is a gel composition.

In accordance with a further aspect of the present
invention there is provided a gel composition produced
without supercritical drying having a porosity of greater
than or equal to 0.95 and a rod density of less than or
equal to 100 kg/m3,

The present invention also provides an insulation body

‘comprising a composition of the present invention.

The features and advantages of the compositions and
insulation of the present invention will become apparent
from the following more detailed de®cription.

Figure 1 provides a graphical depiction of the
formulas utilized in the description of the present
invention.

Figure 2 depicts a vacuum insulation panel embodiment
of an insulation body of the present invention.

Figure 3 depicts an embodiment of an apparatus

utilized in analyzing Thermal Conductivity.
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Figure 4 depicts an embodiment of an apparatus for
placing a composition under a 103421 Pascals (Pa) load for
determining packing density and TC under load.

Figure 5 is a schematic illustration of the example of
& process for producing gel compositions described in the
Examples herein.

Figure 6 is a graphical representation of a particle
size distribution produced utilizing the laboratory
equipment described in the Examples herein.

Figure 7 is a graphical representation of the thermal
conductivity (TC) of different materials and is discussed
in Example 1 below.

Figure 8 is another graphical representation of the
thermal conductivity (TC) of different materials discussed
in Example 1 below.

Figure 9 is a graphical representation of the thermal
conductivity (TC) of materials which differ in packing
density, and is discussed in Example 2 below.

Figure 10 is a graphical representation of the thermal
conductivity (TC) of materials which differ in particle
size and is discussed in Example 3 below.

Figure 11 is a graphical representation of the thermal
conductivity (TC) of materials which differ in the type and
presence of an opacifying agent and is discussed in Example
4 below.

Figure 12 is a graphical representation of the thermal
conductivity (TC) of materials which*differ in the type and
presence of a carbon black opacifying agent and is
discussed in Example 5 below.

Detailed Description of the Invention:

The present invention provides a particulate
composition which under 103421 Pa (15 psi) load, at 20° ¢
(Celsius), and at a pressure (P) within the range of
133.322 - 13332.2 Pa (1-100 Torr), in Nitrogen, has:
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a packing density of less than or equal to 160 kg/m3,
preferably less than or equal to 140 kg/m3, more preferably
10-120 kg/m3 and

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of
less than or equal to 0.2601nP + 4.53 milliWatt/meterK
(mW/meK) (TC < (0.2601nP + 4.53) mW/meK) , preferably less
than or equal to (0.3041lnP + 3.91) mW/meK (TC < (0.3041nP +
3.91) mW/meK) and a TC at 1333.322-13332.2 Pa of less than
or equal to (0.8241nP + 0.47) mW/meK (TC < (0.8241nP +
0.47) mW/meK), preferably less than or equal to (0.8251nP +
0.16) mW/meK (TC < (0.8251nP + 0.16) mW/meK) .

In formulas utilized herein "ln" refers to the natural
log (logel=1nl=0).

Figure 1 provides a graphical depiction of the
formulas utilized herein in describing compositions of the
present invention. The upper curves in Figure 1 represent
TC = (0.2601InP + 4.53) mW/meK at 133.322-1333.322 Pa and TC
= (0.8241nP + 0.47) mW/meK at 1333.322-13332.2 Pa. The
lower curves in Figure 1 represent TC = (0.3041nP + 3.91)
mW/meK at 133.322-1333.322 Pa and TC = (0.8251nP + 0.16)
mW/meK at 1333.322-13332.2 Pa.

In accordance with one aspect of the present invention
there is provided a particulate composition which under a
103421 Pa load, at 20° C, and at a pressure of 133.322 Pa
(1 Torr), in Nitrogen, has:

a packing density of less than‘Pr equal to 160 kg/m3,
preferably less than or equal to 140 kg/m3, more preferably
10-120 kg/m3 and

a TC of less than or equal to 5.8 mW/meK, preferably
less than or equal to 5.4 mW/meK.

In accordance with another aspect of the present
invention there is provided a particulate composition which
under a 103421 Pa load, at 20° C, and at a pressure of
1333.22 Pa (10 Torxr), in Nitrogen, has:
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a packing density of less than or equal to 160 kg/m3,
preferably less than or equal to 140 kg/m3, more preferably
10-120 kg/m3 and

a TC of less than or equal to 6.4 mW/meK, preferably
less than or equal to 6.1 mW/meK.

In accordance with a further aspect of the present
invention there is provided a particulate composition which
under a 103421 Pa load, at 20° C, and at a pressure of
13332.2 Pa (100 Torr), in Nitrogen, has:

a packing density of less than or equal to 160 kg/m3,
preferably less than or equal to 140 kg/m3, more preferably

10-120 kg/m3 and

a TC of less than or equal to 9 mW/meK, preferably
less than or equal to 8 mW/meK.

In accordance with a further aspect of the present
invention there is provided a particulate composition which
under 103421 Pa (15 psi) 1load, at 20° C, and at any
pressure (P) range of 133.322 - 13332.2 Pa (1-100 Torr), in
Nitrogen, has

a packing density of less than or equal to 160 kg/m3,
preferably less than or equal to 140 kg/m3, more preferably

10-120 kg/ m> and

a Thermal Conductivity (TC) at 133.322-1333.322 Pa of
less than or equal to 0.2601nP + 4.53 milliWatt/meterk
(mW/meK) (TC < (0.2601lnP + 4.53) mW/meK), preferably less
than or equal to (0.3041nP + 3.91) mW/meK (TC < (0.3041lnP +
3.91) mW/meK) and a TC at 1333.322-13332.2 Pa of less than
Oor equal to (0.8241nP + 0.47) mW/meK (TC < (0.8241np +
0.47) mW/meK), preferably less than or equal to (0.8251nP +
0.16) mW/meK (TC < (0.8251nP + 0.16) mW/meK) .

The foregoing description of the compositions of the
present invention is provided with reference to selected
pressures, including pressures within the range of 133.322
- 13332.2 Pa (1-100 Torr). The selected pressure refers to
the pressure within the vacuum chamber utilized in
determining the TC of the composition.

7
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The compositions of the present invention may be
advantageously utilized as an insulation material to reduce
heat transmission in insulation applications which include,
but are not limited to panels (e.g. powder in vacuum
panels), blankets, walls,.housings and the like.

The compositions of the present invention are
particularly advantageous for use as an insulating material
in a structure under vacuum, for example in a vacuum bag,
such as those utilized in vacuum panels.

Thermal conductivity (“TC”) is a measure of the
thermal insulating capabilities of a material. TC may be
expressed as milliWatt per meter K (mW/meK) in SI units and
as (BTU) {inch) per (hour) (square feet) (°F) in English
units. Greater numerical values of TC correspond to
greater thermal conductivity and lower insulating ability.
Lower numerical values of thermal conductivity correspond
Lo greater insulating ability.

TC is the inverse of thermal resistivity. Thermal
resistivity may be reported as (meter) (K) /milliWatt in SI
units and as (hour) (square feet) (°F) per (BTU) (inch) in
English units, often commonly referred to R-Value/inch.
Greater numerical values of thermal resistivity correspond
to greater insulating ability, and thus lower TC.

The TC values described and reported herein may be
easily converted to thermal resistivity values utilizing
the following formula:

thermal resistivity = 1/TC. k 4

For a porous particulate composition TC may vary as a
function of the environmental conditions, such as the
atmosphere, temperature and pressure which surround and/or
fills the pores. For example, in insulation wherein an
insulating composition is under vacuum, TC will be affected
by the degree of vacuum established and maintained.

More details relating to TC are set forth in ASTM
Terminology Standard C-168. The Thermal Conductivity (TC)
values reported herein were determined in the manner known
in the art utilizing ASTM Test Procedure Cl114-92. More

8
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details relating to the procedure for determining TC are
set forth below.

Packing density refers to the mass or weight of the
composition divided by its volume. The mass or weight of
the composition, and its Qolume may be determined utilizing
conventional techniques.

The utility of an insulating composition will depend
in part on its density at a desired TC. Denser
compositions would require that more material be used to
achieve a desired degree of insulation. Generally, the use
of more material will result in higher cost.

The insulation properties of the composition of the
present invention are described with reference to the
composition being under an external load of 103421 Pa (15
psi). The 103421 Pa (15 psi) load may be obtained by
compressing the composition utilizing known techniques.
These techniques include the following: transferring the
composition into a pouch, sealing the pouch, and placing
the pouch between two metal plates and compressing
uniaxially without edge constraint to an external load of
103421 Pa (15 psi). Compression is maintained for the TC
measurement .

The temperature of 20° C, as used in the descriptions
of the compositions of the present invention, refers to the
temperature at which the TC measurement is conducted.

As used in the description of the present invention
"Nitrogen” refers to a gaseous atmosphere comprising
nitrogen as a major ingredient. The properties of the
composition of the present invention are described with
reference to nitrogen as the gas in the pores and
surrounding the composition of the present invention. The
reference to nitrogen in the description of the present
invention provides a means for comparing the TC of the
composition of the present invention to the TC of other
compositions. However, in embodiments of the composition
of the present invention the surrounding atmosphere may
comprise air, nitrogen, or a gas with a different thermal

9
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conductivity, for example, Argon, Krypton or Xenon which
have lower thermal conductivities.

Preferred embodiments of compositions of the present
invention have a BET surface area of greater than or equal
to 200 m2/g, preferably greater than or equal to 400 m2 /g,
more preferably greater than or equal to 500 m2/g. BET
surface area may be determined utilizing ASTM test
procedure D1993.

In preferred embodiments of compositions of the
present invention the size, and size distribution, of the
intergranular spaces between the particles, are minimized
by utilizing a composition comprising particles having an
average particle size of between between 50-500 microns,
preferably between 50-250 microns. These particle sizes
may be achieved by conventional techniques, for example
milling and/or physical separation techniques.

Preferred embodiments of compositions of the present
invention are compositions with a porosity of greater than
or equal to 0.90, more preferably greater than or equal to
0.93. Porosity is defined as the fraction of the sample
volume that is pores, both in and around the particulate
material and may be determined by the following formula:

(measured rod density in porous form)
POYOSity = 1 =~ ---ommomem L ____.
(density of the material in solid form)

More details relating to the measur®ment of porosity are
provided below.

A preferred composition of the present invention is a
gel composition comprising a gel component .

As used herein gel compositions include, but are not
limited to aerogels, xerogels and the like produced with or
without supercritical drying.

Among the gel components suitable for use in the
composition of the present invention are included: oxide
gels, including metal oxide gels such as silica gels,
titania gels, alumina gels and the like; polymeric gels,

10
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such as resorcinol-formaldehyde (R-F) gels, melamine
formaldehyde (M-F) gels, phenol-furfural (P-F) gels and the
like. The preferred gel component is a metal oxide gel. A
detailed description of “gels” and “gel components” is set
forth in published PCT apblication 96/18456 the disclosure
of which is hereby incorporated herein by reference.
Preferably the gel component is a silica aerogel, more
preferably a silica aerogel produced from a sodium silicate
precursor.

Also preferred is a gel composition which includes an
opacifying agent.

Suitable opacifying agents include those which will
minimize the travel of IR radiation through the composition
and include, but are not limited to carbonaceous materials,
iron oxides, Al03, FeTiO3, TiO2, Zr0O3 and other opacifying
agents known in the art. A preferred opacifying agent
comprises a carbonaceous material. Carbonaceous materials
include: carbon black; activated carbon; graphite;
composites comprising carbon black and metal oxide (e.g.
silica); and blends including such carbonaceous filler
materials. More preferably the opacifying agent is a
carbon black. A preferred carbon black has a nitrogen
surface area (N2SA) of at least 10 m2/g, preferably 15 to
500 m2/g.

In a preferred embodiment of a composition of the
present invention, the composition comprises greater than
or equal to 3%, preferably greater tian or equal to 5%,
more preferably 5 to 30%, by weight, opacifying agent.

The opacifying agent may be combined with the gel
component in a variety of manners. The opacifying agent may
be physically mixed in dry form with the gel component
after drying. Preferably the opacifying agent is
encapsulated within the matrix of the gel component, for
example by combining the opacifying agent with the gel
component prior to gelation of the gel component.

To improve handling of the gel composition, the
opacifying agent is preferably attached to the gel

11
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component . Details relating to the meaning of the term
“attached” as used herein, are set forth in published pcCT
application WO96/18456 referenced above. As set forth in
published PCT application WO96/18456, a Scanning Electron
Microscope (SEM) image of a gel composition comprising an
attached opacifying agent, in particular an attached
carbonaceous component, differs from the SEM image of a
composition wherein the gel component and the opacifying
agent are physically mixed, or a composition wherein the
opacifying agent is encapsulated within, but not attached
to, the gel matrix of the gel component. 1In addition, the
Rub-Off value of a gel composition comprising an attached
opacifying agent, in particular an attached carbonaceous
component, will generally be less than the Rub-0Off value of
a composition wherein the gel component and the opacifying
agent are physically mixed, or a composition wherein the
opacifying agent is encapsulated within, but not attached
to, the gel matrix of the gel component.

If desired, the opacifying agent may be treated, for
example with chemical treating agents, to render the
opacifying agent attachable to the gel component. As
explained in PCT published application W0O96/18456
carbonaceous materials, in particular carbon blacks, may be
treated in the following manner to render the carbonaceous
material attachable to the gel component.

An attachable carbonaceous component may be prepared
by reacting a carbonaceous componentwith a diazonium salt
in a liquid reaction medium to attach at least one organic
group to the surface of the carbonaceous component.
Preferred reaction media include water, any medium
containing water, and any medium containing alcohol. Water
is the most preferred medium.

Modified carbonaceous components and various methods
for their preparation are described in: published PpCT
application WO96/18688 entitled "Reaction of Carbon Black
with Diazonium Salts, Resultant Carbon Black Products and
Their Uses"; published PCT application W096/18690 entitled

12
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"Reaction of Carbon Materials with Diazonium Salts and
Resultant Carbon Products"; published PCT application
W096/18695 entitled "Ink Jet Ink Formulations Containing
Modified Carbon Products"”; published PCT application
W096/18694 entitled "Non-Aqueous Inks and Coatings
Containing Carbon Products"; published PCT application
W096/18696 entitled "Agueous Inks and Coatings Containing
Modified Carbon Products"; published PCT application
WO96/18689 entitled "Carbon Black Products for Coloring
Mineral Binders" and published PCT application W096/1845¢
referenced above. The disclosure of each of these
published PCT applications is hereby incorporated herein by
reference.

A method of preparing attachable carbonaceous
components, for use in the gel compositions of the present
invention, is described in the following paragraph with
reference to carbon black as the carbonaceous component.
Similar methods could be performed to prepare attachable
carbonaceous components other than carbon black.

To prepare attachable carbon black, the diazonium salt
need only be sufficiently stable to allow reaction with the
carbon black. Thus, that reaction can be carried out with
some diazonium salts otherwise considered to be unstable
and subject to decomposition. Some decomposition processes
may compete with the reaction between the carbon black and
the diazonium salt and may reduce the total number of
organic groups attached to the carborr black. Further, the
reaction may be carried out at elevated temperatures where
many diazonium salts may be susceptible to decomposition.
Elevated temperatures may also advantageously increase the
solubility of the diazonium salt in the reaction medium and
improve its handling during the process. However, elevated
temperatures may result in some loss of the diazonium salt
due to other decomposition processes.

The carbon black can be reacted with a diazonium salt
when present as a dilute, easily stirred, aqueous slurry,
or in the presence of the proper amount of water for carbon
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black pellet formation. If desired, carbon black pellets
may be formed utilizing a conventional pelletizing
technology.

A set of organic groups which may be attached to the
carbon black are organic groups substituted with an ionic
or an ionizable group as a functional group. An ionizable
group is one which is capable of forming an ionic group in
the medium of use. The ionic group may be an anionic group
Oor a cationic group and the ionizable group may-form an
anion or a cation.

Ionizable functional groups forming anions include,
for example, acidic groups or salts of acidic groups. The
organic groups, therefore, include groups derived from
organic acids. Preferably, when it contains an ionizable
group forming an anion, such an organic group has a) an
aromatic group or a C3-C1o alkyl group and b) at least one
acidic group having a pKa of less than 11, or at least one
salt of an acidic group having a pKa of less than 11, or a
mixture of at least one acidic group having a pKa of less
than 11 and at least one salt of an acidic group having a
PKa of less than 11. The pKa of the acidic group refers to
the pKa of the organic group as a whole, not just the
acidic substituent. More preferably, the pKa is less than
10 and most preferably less than 9. Preferably, the
aromatic group or the C1-Cip alkyl group of the organic
group is directly attached to the carbon black. The
aromatic group may be further substiwuted or unsubstituted,
for example, with alkyl groups. The C1-Ci2 alkyl group may
be branched or unbranched and is preferably ethyl. More
preferably, the organic group is a phenyl or a naphthyl
group and the acidic group is a sulfonic acid group, a
sulfinic acid group, a phosphonic acid group, or a
carboxylic acid group. Examples include -COOH, -SO3H and -
PO3H2, and their salts, for example -COONa, -COOK, -COO-
NRg*, -SO3Na, -HPO3Na, -S03- NR4+, and PO3Nay, where R is

an alkyl or phenyl group. Particularly preferred ionizable
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substituents are -COOH and -SO3H and their sodium and

potassium salts.

Most preferably, the organic group is a substituted or
unsubstituted sulfophenyl'group Or a salt thereof; a
substituted or unsubstituted (polysulfo) phenyl group or a
salt thereof; a substituted Or unsubstituted sulfonaphthyl
group or a salt thereof; or a substituted or unsubstituted
(polysulfo) naphthyl group or a salt thereof. A preferred
substituted sulfophenyl group is hydroxysulfophenyl group
Oor a salt thereof.

Specific organic groups having an ionizable functional
group forming an anion are p-sulfophenyl, 4 -hydroxy-3-
sulfophenyl, and 2-sulfoethyl.

Amines represent examples of ionizable functional
groups that form cationic groups and can be attached to the
same organic groups as discussed above for the ionizable
groups which form anions. For example, amines may be
protonated to form ammonium groups in acidic media.
Preferably, an organic group having an amine substituent
has a pKb of less than 5. Quaternary ammonium groups (-
NR3+) and quaternary phosphonium groups (-PR3+) also
represent examples of cationic groups and can be attached
to the same organic groups as discussed above for the
ionizable groups which form anions. Preferably, the
organic group contains an aromatic group such as a phenyl
Oor a naphthyl group and a quaternary ammonium or a
quaternary phosphonium group. The aromatic group is
preferably directly attached to the carbon black.
Quaternized cyclic amines, and quaternized aromatic amines,
can also be used as the organic group. Thus, N-substituted
pyridinium compounds, such as N-methyl-pyridyl, can be used
in this regard.

It is also possible to create an opacified gel by
utilizing a gel precursor with inherent opacity, or by
chemically modifying the surface of a gel or gel precursor.
The chemical modification may be accomplished, for example,
by attaching an organic composition to the surface of the
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gel and pyrolyzing the non-carbon constituents of the
organic composition to opacify the gel.

A preferred composition of the present invention may
be produced by conventional processes for producing gel
compositions, for example.conventional sol-gel pProcessing.
In particular the gel compositions may be produced by the
processes disclosed in the Examples herein and the Examples
in the referenced applications and their microstructure may
be tailored to optimize properties desired for specific
applications. Various precursors, including metal
alkoxides, colloidal suspensions, and combinations thereof
may be utilized with a variety of mechanisms of gelation to
synthesize compositions of the present invention. By
varying processing conditions, such as time, temperature,
PH, and pore fluid, the microstructure of the composition
may be altered.

As explained in detail in the Examples set forth
below, gel compositions of the present invention may be
produced from a solution comprising gel precursor solids.
A gel composition of the present invention with a TC and
packing density under load falling within the present
claims may be produced from a solution with a solids
percentage by weight sufficiently low to achieve the
desired packing density and by processing the solution,
utilizing sol-gel processing techniques, in a manner
wherein a low solids concentration is maintained in the
final gel composition. -

In particular, a gel composition of the present
invention may be produced by the following method:

1) initiating gelation, for example through the use
of a catalyst, in a solution comprising the gel precursor
solids, or the gel precursor and opacifying agent, at an
initial solids concentration to achieve the desired solids
concentration in the final gel composition;

2) allowing gelation to proceed to a predetermined
degree of completion;
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3) if desired, aging the gel at a temperature, and for
a period of time sufficient to achieve the mechanical
characteristics desired in the final gel composition;

4) if desired, washing the gel;

5) if desired, exchaﬁging the pore fluid

6) if desired, chemically treating the gel; and

7) removing liquid from the resulting gel composition,
for example by drying.

Individual process steps 3, 4, 5 and/or 6, if utilized, may
be performed in any order, and may be repeated to achieve
gel compositions with desirable characteristics.

In a preferred method a composition of the present
invention may be produced from a gel precursor by a process
comprising:

initiating gelation in a solution comprising gel
precursor solids and allowing gelation to proceed to a
predetermined degree of completion;

contacting the initial gel with a surface modification
agent and

removing liguid from the resulting gel to form the gel
composition.

The process for producing a surface modified gel
composition from a gel precursor may further include one or
more of the following steps:

aging the initial gel at a temperature, and for a
period of time sufficient to achieve the mechanical
characteristics desired in the finalwgel composition prior
Lo contact with the surface modification agent;

washing the initial gel prior to contact with the
surface modification agent;

aging the resulting gel at a temperature, and for a
period of time sufficient to achieve the mechanical
characteristics desired in the final gel composition after
contact with the surface modification agent;

exchanging pore fluid in the resulting gel prior to
contact with the surface modification agent ;
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exchanging pore fluid in the resulting gel after
contact with the surface modification agent; and/or

washing the gel after contact with the surface
modification agent.

In addition, if other ingfedients, such as opacifying
agents and the like are desired in the final gel
composition, these ingredients may be added to the
solution prior to the initiation of gelation.

. As understood by those of ordinary skill in the art,
the solids concentration of the solution, which may
comprise for example gel component solids and opacifying
agent solids, is sufficient to achieve the densities
desired in the final composition. 1In a preferred method of
producing compositions of the present invention the solids
concentration of the solution is less than or equal to 8%,
preferably less than or equal to 7%, to achieve the packing
densities desired for the compositions of the present
invention.

One example of a preferred method of producing gel
compositions, which may be utilized to produce compositions
of the present invention, is described in published PCT
application W094/25149, assigned to the University of New
Mexico, the disclosure of which is hereby incorporated
herein by reference. 1In the method described in W094/25149
the internal pore surface of a wet gel, for example an
alkoxide-derived silica gel, is reacted before drying with
an organic surface modification agenw comprising the

formula RxMXy where R is an organic group, M is Si or al

and X is a halogen, e.gqg. trimethylchlorosilane
((CH3)38iCl), so that significant changes in the
subsequent drying of the gels at non-supercritical
pressures are obtained which leads to greatly reduced
shrinkage during drying.

Gel precursors include but are not limited to oxide,
polymeric and particulate gel precursors known in the art,
such as:

18

SUBSTITUTE SHEET (RULE 26)



WO 98/13135 PCT/US97/16520

10

Metal Oxide Gel Form(s) as Gel Precursor
S5i02 Alkoxide, Silicate Compositions,
Colloidal,
Pyrogenic
Ti0p Alkoxide, Colloidal, Pryogenic,
Titanate

Compositions, Titanium Halides

Al203 Alkoxides, Colloidal, Aluminate
Compositions,
Salts, Pyrogenic, Aluminum Halides
Zxr02 Alkoxides, Colloidal, Zirconate
Compositions,

Salts, Pyrogenic, Zirconium Halides

Polymeric Gel Form(s) as Gel Precursor
resorcinol-formaldehyde polyhydroxy benzenes
(R-F) (e.g. resorcinol) and
formaldehyde
melamine-formaldehyde (M-F) melamine and formaldehyde,

functionalized melamine-
formaldehyde resins

phenol-furfural (P-F) phenol and furfural

w
The choice of a particular precursor is made based on the

type of composition desired. Preferably the gel component
of the composition of the present invention is produced
from a sodium silicate precursor.

The opacifying agent utilized in the composition of
the present invention is preferably added during
preparation of the gel. More particularly, the opacifying
agent may be predispersed in the sol precursor to the gel
at a stable pH and then the PH adjusted to promote

gelation. The preferred result is a composition wherein
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the opacifying agent is attached to the gel component, or
encapsulated within the gel matrix. As discussed above,
use of an attachable opacifying agent is preferred to
achieve a gel composition wherein an opacifying agent is
attached to a gel componeﬁt.

Further details relating to the production of
compositions of the present invention are provided in the
Examples described herein.

In accordance with an additional aspect of the present
invention there is provided an insulation body comprising a
particulate composition of the present invention. The
insulation body may further comprise a barrier, film,
structure, membrane or other means for restraining and/or
enclosing the particulate composition of the present
invention. 1In addition, a particulate composition of the
present invention may be added as a component of a
composition which is foamed, extruded, molded or otherwise
formed into a definable volume.

Potential embodiments of an insulation body of the
present invention include but are not limited to insulating
structures. The term structure is utilized to refer to any
enclosed space, which may or may not be evacuated (under
vacuum) , which may be filled, or partially filled, with an
a particulate composition of the present invention. Such
structures include, but are not limited to panels,
blankets, walls, housings and the like. An insulation body
of the present invention may be utibdézed in any structural
shape designed to insulate a system.

A preferred embodiment of an insulation body of the
present invention is a vacuum insulation panel. The vacuum
insulation panel comprises a particulate composition of the
present invention under vacuum and a subtantially gas
impermeable barrier surrounding the composition. The
insulating structure embodiments of the present invention
may further include additional structural elements and/or
surfaces treated to achieve very low emissivity; radiation
shields and/or the like.
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An embodiment of an insulation body of the present
invention is depicted in Figure 2 which illustrates, a
particulate composition of the present invention 2,
enclosed within vacuum bag, 4 which is substantially gas
impermeable. Substantially.gas impermeable barriers
suitable for use in the present invention include:
enclosures, such as envelopes or pouches, including metal
barriers, barrier films comprising one or more layers of
polymeric, metallized polymeric, or metal- foil laminates
which are substantially impermeable to gas.

In non-vacuum applications, wherein a particulate
composition of the present invention is not contained
within an evacuated enclosure, other means for creating a
definable volume of said particulate composition of the
present invention may be employed. 1In general terms, in
non-vacuum applications, a particulate composition of the
present invention may be enclosed within, or surrounded by
a barrier, sufficient to contain substantially all of a
particulate composition of the present invention within a
desired space. Suitable barrier materials for non-vacuum
applications include, but are not limited, plastics,
cellulose materials, wood, cement, asphalt and/or metal.

Alternatively, a particulate composition of the
present invention may be added as a component to a
composition which is foamed, extruded, molded or otherwise
formed into a definable volume. For example a particulate
composition of the present invention way be added as a
component to a styrofoam composition which is then formed
into bricks. The composition including a particulate
composition of the present invention may also be further
enclosed if desired.

An insulation body of the present invention may be
produced by conventional techniques known in the art, such
as those described below with reference to a vacuum
insulation panel embodiment of the present invention.

Other embodiments of the present invention may likewise be
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produced utilizing conventional techniques well known in
the art.

A vacuum insulation panel embodiment of the present
invention may be produced by placing a particulate
composition of the presenﬁ invention within a substantially
gas impermeable barrier enclosure then evacuating and
sealing the enclosure. Optionally, the particulate
composition of the present invention may be dried prior to
placement in the barrier enclosure.

If desired, a particulate composition of the present
invention may be placed in a porous pouch and pressed to a
desired shape prior to placement in the substantially gas
impermeable and substantially water impermeable membrane
enclosure. A particulate composition of the present
invention may also be placed in the porous pouch prior to
drying, if a drying step is utilized, to aid in holding the
particulate composition of the present invention during the
drying and/or pressing operations. Suitable porous pouches
include those formed from any material which allows the
passage of air and moisture but holds the particulate
composition of the present invention, which may be a finely
divided particulate mixture. Examples of suitable porous
pouches include porous pouches comprising and formed from
polypropylene, for example, TYVEK® polypropylene produced
and sold by of E.I. DuPont de Nemours Company, Wilmington,
Delaware and CELGARD polypropylene produced and sold by
Celanese Corporation, and porous pouehes formed from paper
of the type utilized as filter paper.

In the optional drying operation, whether or not the
porous pouch is employed, the drying temperature should be
sufficient to drive off any surface water from the a
particulate composition of the present invention.
Generally, the drying temperature will be at least 100° cC,
the upper limit being a temperature at which neither the
particulate composition of the present invention or the

porous pouch, if utilized, will degrade.
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The dried, pressed particulate composition of the
present invention may then be placed into a substantially
gas impermeable barrier enclosure, formed in such a way as
to prevent gas leakage. If the particulate composition of
the present invention has'been dried in a porous pouch, the
porous pouch is merely placed into the membrane enclosure.
Generally the barrier enclosure is filled with an amount of
a particulate composition of the Present invention
sufficient to result in a substantially completely filled
enclosure after evacuation. As will be understood by those
of ordinary skill in the art, the evacuation process will
generally cause the barrier enclosure to shrink to fit
around the a particulate composition of the present
invention.

It should be noted that the TC of a vacuum panel
Structure comprising a composition of the present invention
may be different than the TC of the composition of the
present invention alone measured by the techniques
described herein, for example due to the conductivity of
the plastic film utilized in the vacuum panel.

A vacuum insulation Structure of the present invention
may have any dimensions depending on the desired end use.
Generally however, the vacuum insulation panel structure of
the present invention will have a length, width and
thickness sufficient to substantially fill the space where
it is to be utilized. For appliance applications, e.qg.
refrigerators or freezers, the lengtM, width and thickness
will vary depending on the size of the appliance, however
the thickness of the vacuum insulation panel structure will
generally be 3 to 50 millimeters.

Preferably the overall pProperties of the gas
impermeable barrier enclosure shall permit it to survive
handling without puncture or other damage. In general, the
overall thickness of enclosures suitable for Creating a
definable volume of a particulate composition of the
present invention will range from approximately 50 to 1000
microns. While the thinner materials provide sufficient
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strength to hold the a particulate composition of the
present invention and allow the further processing
necessary, the life expectancy of the apparatus into which
they are placed may be reduced.

Generally, the substéntially gas impermeable barrier
enclosure which is employed in the vacuum insulation
structure embodiment of the present invention has one or
more opening(s) permitting the evacuation of the enclosure
and, 1f desired, the refilling of the enclosure with
insulating gases. The bag is first evacuated to as a low a
pressure as desired, for example, 133.322 - 1333.22 Pa (1-
10 Torr.) The evacuation cycle can be repeated so as to
assure a low air partial pressure remaining in the panel.
The manufacturing process is then terminated by heat
sealing the enclosure to close the evacuation path.

An insulation body of the present invention may be
advantageously utilized as a thermal insulation medium in a
refrigeration appliance such as a refrigerator, freezer,
cooler or the like.

The effectiveness and advantages of various aspects and
embodiments of the present invention will be further
illustrated by the following examples. The experimental
results set forth below illustrate that TC provides a means
to distinguish the physical characteristics of different
compositions. The physical characteristics, such as pore
size, pore size distribution, surface area and structure of
compositions such as gels are diffiomlt to measure due to
the fragility of the composition. Traditional tests for
physical characteristics such as pore size may yield
inaccurate results, if any, due to deformation and/or
breakage of the gel. 1In contrast, TC may be accurately
determined with less risk of deformation or breakage of a
gel. As illustrated in the Examples below a composition’s
TC will depend on the physical characteristics of the
composition, including, for example particle size, density,
opacity, the type and presence of opacifying agent(s) and
porosity.
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As illustrated in the Examples, attributes of
compositions of the present invention may be modified to
produce advantageous TC and packing density under load.

For example, the packing density under load may be modified
by modifying the particle size for a given particle
density, for example through grinding, to reduce and
preferably minimize the gas phase contribution to heat
transfer due to gas movement around the particles.

"The porosity and strength of a composition, as
reflected by the composition’s TC and packing density under
load may be modified, for example, through choice of an
appropriate gel component, e.g. silica, and/or by modifying
the solids concentration of the solution utilized to
prepare the gel. These modifications may be utilized to
reduce, and preferably minimize, the contribution of solid
phase thermal conduction to heat transfer.

The radiation component may be reduced and preferably
minimized by utilizing an opacifying agent.

The following testing bProcedures were utilized in the
Examples.

Thermal Conductivity (TC) and Packing Densitv
The Thermal Conductivity (TC) under load of the

compositions is measured according to ASTM Test Procedure

C1114-92 utilizing the procedures and equipment described
below and illustrated in Figures 3 and 4. The packing
density of the compositions is measu¥ed by the technique
set forth below.

1. Approximately 200-300 cubic centimeters (tap
volume) of a sample of the composition is dried in an oven
at 120° C for a minimum of 2 hours until substantially
completely dry. The amount of composition utilized is
sufficient to completely fill two 4 inch (102 mm) by 6 inch
(152 mm) by 0.25 inch (6 mm) TYVEK® pouches as described in
the following steps. TYVEK® isg a registered trademark for
fibers of E.I. DuPont de Nemours Company, Wilmington,
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Delaware The actual volume of powder may vary but will be
accounted for in measurement of TC under load.

2. The composition sample is divided into 2 equal
portions by weight and the weight of each portion is
recorded. '

3. Each portion of the composition sample is placed
into a 4 inch (102 mm) by 6 inch (152 mm) by 0.25 inch (6
mm) TYVEK® pouch.

4. Each pouch is sealed with adhesive to produce 2
substantially similar pouches. The pouches are stored in a
desiccator while the adhesive dries.

5. After the adhesive dries the pouches are placed
among the plates of a thin foil heater apparatus 12
illustrated in Figure 3. As shown in Figure 3, thin foil
heater apparatus 12 comprises heater and thermocouple plate
14, and thermocouple plates 16 and 18. The plates are
joined by flexible couplings 15 and 17 which comprise tape.
Electrical wires 24, 26 and 28 extend from plates 14, 16
and 18 respectively and include connector means on their
ends for connecting the thin foil heater apparatus to a
heating and measuring device.

6. The thin foil heater apparatus with pouches is
then assembled in the load device depicted in Figure 4.
Thin foil heater apparatus 12, with pouches 32 and 34 is
placed between aluminum blocks 42 and 44 which are greater
in surface area than the pouches and sufficient thickness
to resist deformation under load. Aeditional aluminum
pieces 52 and 54 which substantially planar surfaces 53 and
55 respectively sufficient spaced from aluminum blocks 42
and 44 to allow room for clamping means such as C-Clamps to
be placed around the aluminum blocks 42 and 44.

7. The assembled load device from step 6 (Figure 4)
is placed in a Carver, Model C press comprising stationery
platen 62 and moving platen 64 depicted in Figure. 4.

8. Moving platen 64 is moved towards the stationary
platen 62 with the assembled load device in between until
1601.28 Newtons (360 pounds) of force is acting on the
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pouches which is 103421 Pa (15 pounds per square inch for
the 4 inch by 6 inch pouch) .

9. C-clamps are placed around the aluminum plates 432
and 44 are tightened sufficiently to maintain the pressure
applied by the press. Thé press is then released.

10. The distance between thermocouple sheets 14 and
16, and the distance between thermocouple sheets 16 and 18
is measured at all four corners to determine the thickness
of each pouch under the 103421 Pa (15 psi) load. The
packing density of the composition sample is calculated
from the thickness of the sample determined in step 10, the
weight (mass) of the sample determined in step 2 and the
area of the sample which is taken to be 15504 square mm
(102 mm x 152 mm) (24 square inches (4 inches x § inches))
according to the formula: Packing Density = Mass /
(Thickness x Area) .

11. The load device, with the composition samples
under load are then placed in a pressure vessel which was
evacuated, and then backfilled with nitrogen to obtain the
TC measurements at the selected Pressures of 133.322-
13332.2 Pa (1-100 Torr) .

12. TC measurements are obtained by connecting the
electrical leads from the thin foil heater apparatus to a
power source and a nanovoltmeter which is utilized to
calculate the temperature difference. TC is calculated
from the temperature difference and the power utilized.

In the above procedure, the TC of the compositions is
determined in a Nitrogen atmosphere at a temperature of 20°
C. The TC of the compositions of the present invention
will be substantially equivalent if measured in atmospheric
air or other mixtures (or solutions) of gases having
thermal conductivities similar to the thermal conductivity
of Nitrogen. The TC of the composition of the present
invention may be determined with reference to atmospheric
air, or a gas with a similar conductivity, as the gas which
surrounds and fills the pores of the compositions and
spaces within the volume of the composition being analyzed.
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The TC of the composition of the present invention will
generally decrease in an atmosphere of a gas which has
lower conductivity than Nitrogen.

While the measurements were obtained at a temperature
of 20° C, no substantial Qariation of TC would be expected
over the range of 17°-25° C.

The measurement of TC under load provides information
on a composition’s performance in insulation applications
where the composition will be under an external load, for
example in insulation panels having reduced internal

pressures.

: icle Si

Particle size of the compositions is determined by
physical separation techniques utilizing 1 mm (18 mesh),
500 pum (35 mesh), 250 um (60 mesh) and 90 um (170 mesh)
screens. A CSC Scientific Sieve Shaker, model 18480 is
utilized in the separation.

Porosity

The porosity of the gel compositions may be determined
by determining the rod density of the composition and
calculating the porosity by the following method.

To determine rod density, the gels were cast and
formed in cylindrical molds. The total gel volume was
determined by physically measuring the dimensions of a dry
gel. The bulk density was determined by weighing the dry
gel and dividing by the geometric volume. In instances
where a rod like geometry was not maintained or, as a
verification of the above method, mercury displacement was
employed.

The rod density of gel compositions measured by
mercury displacement was carried out as follows. A clean
empty glass cell is filled with mercury to a specific
height and the cell is weighed. The mercury is then
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removed and the cell is cleaned again. Next, a dry gel
sample of known weight is placed in the glass cell and
mercury is added to the cell to the same specific height as
before. The weight of the cell containing mercury and the
sample is measured. The Qeight of mercury in both cases is
then converted to a volume based on the density of mercury.
The difference between the volume of mercury which fills an
empty cell and the volume of mercury which fills the cell
containing a sample is known as the displaced volume.
Since mercury does not wet the sample this volume is equal
to the total volume of the sample. The density is then
determined by dividing the weight of the sample by the
displaced volume.

Porosity is defined as the fraction of the sample
volume that is pores, both in and around the particulate
material and may be determined by the following formula:

(measured rod density in porous form)
POrosity = 1 - —----momme L ____
(density of the material in solid form)

The density of a solid mass of the material is determined
with reference to the composition of the material. In the
case of a silica gel composition, without opacifying
agents, the density of the solid mass of material is
assumed to be the density of a solid mass of silica which
is 2.2 g/cc (220 kg/m3). In the case of a gel composition
which includes opacifying agents, thg'density of the solid
mass of material is assumed to be a weighted average of the
densities of each component. For example, in the case of a
gel composition comprising a silica gel precursor and a
carbon black opacifying agent, the density of the solid
mass of material is assumed to be a weighted average of the
density of a solid mass of silica (2.2 g/cc) and the
density of a solid mass of carbon black (1.8 g/cc).

Carbon Black Analvticals
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The nitrogen surface area (N3SA) of the carbon blacks
utilized in the examples, expressed as square meters per

gram (m2/g) was determined according to ASTM test procedure
D3037 Method A. '

The dibutyl phthalate adsorption value (DBP) of the
carbon blacks utilized in the examples, expressed as
milliliters per 100 grams of carbon black (ml/100g), was
determined according to the procedure set forth in ASTM
D2414.

1ut ] .

The gel compositions set forth in the examples are
prepared in accordance with the basic sol-gel techniques
described herein utilizing the steps illustrated
schematically in Figure 5 and described in more detail in
the examples.

Three solutions of different sodium silicate
concentrations are required for the preparation of the
following example aerogels. The sodium silicate comes from
a commercially available solution, N® silicate, made by PQ
corp., Valley Forge, PA. The N® silicate has a composition
of 8.9% (w/w) Naz0, 28.7% (w/w) SiOs, and 62.4% (w/w)
water. The density at 20°C of N® silicate is 1.38 g/ml.

1) The 5% solution is prepared by adding 72.5 ml of N@
silicate to 410 ml of deionized water. This solution is
utilized with 2M H2S04 in the examples to produce gel
compositions having a solids concentration of approximately

%, by weight.

2) The 8% solution is prepared by adding 72.5 ml of N®
silicate to 197 ml of deionized water. This solution is
utilized with 2M H2S04 in an example to produce a gel
composition having a solids concentration of approximately

%, by weight.

3) The S5%-alternate solution is prepared by adding
72.5 ml of N® silicate to 330 ml of deionized water. This
solution is utilized in the preparation of composition P.
This solution is utilized with 98% H2S04 in an example to
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produce a gel composition having a solids concentration of

approximately 5%, by weight.

Carbon Black Properties

Carbon black CB-A utilized in the following examples

is a carbon black produced by Cabeot Corporation, Boston,
Massachusetts which has a N3SA of 24 m2/g and a DBP of 132

ml/100g.

A Modified CB-A carbon black is produced to render the
carbon black attachable to a gel component utilizing the
following procedure.

Two hundred grams of CB-A was added to a solution of
10.1 g sulfanilic acid and 6.23 g of concentrated nitric
acid in 21 g of water. A solution of 4.87 g of NaNO5 in 10
g of water was added to the rapidly stirring mixture. 4-
Sulfobenzenediazonium hydroxide inner salt is formed in
situ, which reacts with the carbon black. After 15
minutes, the dispersion was dried in an oven at 125 C.

The resulting carbon black product was designated
“Modified CB-A” and is a carbon black having attached 4-
Ce6H4S03- groups.

Carbon black CB-B is MONARCH® 120 carbon black, a
trademarked product of Cabot Corporation, Boston,

Massachusetts that has a No2SA of 25 m2/g and a DBP of 64
ml/100g.

k 4

Example 1

This example illustrates a process for producing a
composition of the present invention. 1In addition this
example compares the Thermal Conductivity (TC) of a
composition of the present invention to other compositions.

A gel composition “D” of the present invention is
produced utilizing the process steps depicted in Flgure 5.

Further details are as follows.

For the gelation step, the 5% solution described above
is utilized.
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For approximately 300 ml gel, 42 ml 2M H2S804 is

dispensed into a jacketed beaker maintained at 20°C. The
solution is titrated into the stirred and jacketed vessel
at 20°C. The solution addition rate is 1 ml/min. Once a
pH of 3 is reached, a Modified CB-A carbon black/water
slurry is added and the solution is stirred for several
seconds.

The Modified CB-A carbon black /water slurry is
prepared by combining 2.79 g of Modified CB-A modified
carbon and 53 g of water and sonicating for 2 minutes. The
amounts of added carbon black and water are calculated such
that the total solids content of the gel remains the same.
In this example 15% of the gel composition, by mass,
comprises Modified CB-A carbon black.

After addition of the Modified CB-A carbon black/water
slurry, the titration is then continued until the PH equals
5. A Corning pH meter, model 320, and a Corning “3 in 1*
pPH Combination Electrode with automatic temperature
compensation (Corning, Inc., Corning, NY) are used to
measure the pH.

The scl is then poured into casting containers,
approximately 90 ml Teflon® containers. Once the sol gels,
the containers are placed into an oven at 50°C for 15
minutes. After the 50°C oven treatment, the gel is
extruded through a die into 3000y x 3000u cross-section,
square granules.

For the salt washing step, the gmanules are exchanged
with room temperature deionized water 6 times over 5 hours
at a volume ratio 6:1 (water:gel).

For the aging step, the excess water is removed and
only the pore fluid is retained. The granules are then
aged 45 minutes at 80°C.

For the solvent exchange step, the granules are
exchanged 5 times with acetone to remove the water. The
exchanges are performed with a volume ratio of 6:1
(acetone:gel) for a minimum of 90 minutes for each exchange

at room temperature.
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A second solvent exchange step is used. The granules
are exchanged 5 times with heptane to remove the acetone.
The exchanges are performed at a volume ratio of 6:1
(heptane:gel) for a minimum of 90 minutes for each exchange
at room temperature. '

For the TMCS treatment step, trimethylchlorosilane
(TMCS) is added to the gel/heptane mixture at a level of
0.1 g TMCS/g wet gel for overnight. After the treatment,
gels are washed twice in heptane to remove any unreacted
TMCS.

For the solvent removal step, the granules are placed
in a 50°C oven for 4 hours. Next, the granules are placed
in a 80°C oven overnight, and the final solvent removal
step for the granules is 2 hours in a 120°C oven.

After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).

Figure 6 demonstrates a typical particle size distribution
after grinding.

The resulting powder is sieved to separate the 90-250
pm size range of particles (CSC Scientific Sieve Shaker,
model 18480, setting 2.5 for 15 minutes)

The 90-250u gel sample is then prepared for TC
measurements according to the procedures set forth above.

The Thermal Conductivity (TC) and packing density under
103421 Pa (15 psi) load of the composition of the present
invention, D, and the TC and packing density under 103421
Pa (15 psi) 1load of four control compositions A, B, C and
E are determined utilizing the procedures set forth above.
Control composition A is a BASF Basogel® silica aerogel
sample, manufactured and sold by BASF, Ludwigshafen,
Germany which has a particle size range with all particles
being less than 500um, and a median size between 50um and
150um.  Control composition B is a Degussa FK500LS® silica
aerogel, manufactured and sold by Degussa Akgt., Frankfort,
Germany, which has an average particle size of 3um.

Control composition C is Cabot Cab-0-Sil® EHS5, manufactured
and sold by Cabot Corporation, Tuscola, Illinois, which has
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an average particle size of 0.2-0.3 um. Control

Composition E was an aerogel granule sample. Control
Composition E is prepared in the same manner as composition
D of the present invention from gelation through solvent
removal. However, Control Composition E remains in the
extruded form, approximately 3000u x 3000u cross-section,
granules,

The density under a 103421 Pa

Conductivity (TC) of each composition A, B, C, D and E,

(15 psi) and Thermal

measured in the manner described above, are as follows and
are also reported graphically in Figures 7 and 8.

Composition| Packing TC at TC at TC at

Density 133.322 1333.22 13332.2
103421 Pa Pa Pa Pa
Load (mW/meK) | (mW/meK) (mW/meK)
(kg/m3)

A 123 6.89 8.24 12.02

B 180 8.29 11.01 18.03

c 130 6.14 6.77 9.81

D 97 4.61 5.13 7.21

E 111 6.65 7.28 8.58

15

20

25

These results illustrate the advantageous TC achieved
by a composition of the present invention D at vacuum
levels of 133.322 Pa, 1333.22 Pa and 13332.2 Pa. Gel
composition E also falls within the ZEOpe of certain
aspects of the present invention at 13332.2 Pa.

As illustrated by gel composition D, an embodiment of
a composition of the present invention achieves
advantageous TC under load, indicating reduced heat
transfer through the composition. 1In the absence of
convection, heat transfer occurs through gas phase
conduction, solid phase conduction and radiation. The
porosity and particle size of a particulate composition
will affect the contribution of gas phase conduction to
heat transfer. The low packing density of gel composition
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D, in comparison to the other compositions, reflects the
higher porosity of composition D. The higher porosity, in
conjunction with the particle size of composition D
minimizes gas phase heat transfer. The low packing density
also illustrates that composition D has sufficient strength
to resist deformation under load to an undesirable extent.

The choice of silica as a gel component in composition
D, and composition D's low packing density serve to
minimize the solid phase conduction of heat transfer.

The use of an opacifying agent in composition D serves
to minimize the radiation component of heat transfer.

Example 2

This example illustrates the effect of packing density
under a 103421 Pa load on TC. Compositions F and G were
prepared utilizing the gel process steps depicted in Figure
5. Further details are as follows.

o :
The carbon black utilized in composition F is carbon
black CB-A described above. 1In composition F carbon black

CB-A is not modified.

For the gelation step, the 5% solution is utilized.

For approximately 300 ml gel, 42 ml 2M HoSO4 is
dispensed into a jacketed beaker maintained at 20°C. The
solution is titrated into the stirred and jacketed vessel
at 20°C. The solution addition ratérig 1 ml/min. Once a
PH of 3 is reached, the carbon black/water slurry is added
and the solution is stirred for several seconds.

A carbon black CB-A/water slurry is prepared by
combining 2.79 g of unmodified carbon and 53 g of water and
sonicating for 10 minutes. The amounts of added carbon
black and water are calculated such that the total solids
content of the gel remains the same. 1In this example 15%
of the gel composition, by mass, comprises carbon black CB-
A.
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After addition of the carbon black CB-A /water slurry,
the titration is then continued until the pH reaches 5. A
Corning pH meter, model 320, and a Corning "3 in 1” pH
Combination Electrode with automatic temperature
compensation (Corning, Iné., Corning, NY) is used to
measure the pH.

The sol is then poured into casting containers,
approximately 90 ml Teflon® containers. Once the sol gels,
the containers are placed into an oven at 50°C for 15
minutes. After the 50°C oven treatment, the gel is
extruded into 3000y x 3000y cross-section, square granules.

For the salt washing step, the granules are exchanged
with room temperature deionized water 4 times for 90
minutes each at a volume ratio 6:1 (water:gel) .

For the aging step, the excess water is removed and
only the pore fluid is retained. The granules are then
aged 90 minutes at 80°C.

For the solvent exchange step, the granules are
exchanged 4 times with acetone to remove the water. The
exchanges are performed with a volume ratio of 6:1
(acetone:gel) for a minimum of 90 minutes for each exchange
at room temperature.

A second solvent exchange step is used. The granules
are exchanged 4 times with heptane to remove the acetone.
The exchanges are performed at a volume ratio of 6:1
(heptane:gel) for a minimum of 90 minutes tor each exchange
at room temperature. kg

For the TMCS treatment step, trimethylchlorosilane
(TMCS) is added to the gel/heptane mixture at a level of
0.15 g TMCS/g wet gel for 3 1/2 hours.

For the solvent removal step, the granules are placed
in a 80°C oven for overnight. Next, the granules are
placed in a 120°C oven for 2 hours for final solvent
removal.

After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).
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Figure 6 demonstrates a typical particle size distribution

after grinding.

e :

The carbon black utiliéed in composition G is carbon
black CB-B. In composition G carbon black CB-B is not
modified.

For the gelation step, the 8% solution is utilized.

For approximately 680 ml gel, 145 ml 2M H2804 is
dispensed into a jacketed beaker maintained at 20°C. The
solution is titrated into the stirred and jacketed vessel
at 20°C. The solution addition rate is 1 ml/min. Once a
pPH of 3 is reached, the carbon black/water slurry is added
and the solution is stirred for several seconds.

An carbon black CB-A/water slurry is prepared by
combining 10.06 g of carbon black CB-A and 118 g of water
and sonicating for 10 minutes. The amounts of added carbon
black and water are calculated such that the total solids
content of the gel remains the same. In this example 15% of
the gel composition, by mass, comprises carbon black CB-B.

After addition of the carbon black/water slurry, the
titration is then continued until PH=5. A Corning pH
meter, model 320, and a Corning “3 in 1” pPH Combination
Electrode with automatic temperature compensation (Corning,
Inc., Corning, NY) was used to measure the PH.

The sol is then poured into casting containers,
approximately 90 ml Teflon® containews. Once the sol gels,
the containers are placed into an oven at 50°C for 15
minutes. After the 50°C oven treatment, the gel is
extruded into 3000x x 30004 Cross-section, square granules.

For the remaining steps, 5 gel batches (approx. 680 ml
size) were combined for processing.

For the salt washing step, the granules are exchanged
with room temperature deionized water 6 times for .90

minutes each at a volume ratio 1:1 (water:gel) .
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For the aging step, the excess water is removed and

only the pore fluid is retained.

aged 12-14 hr @ at 50°C.

The granules are then

For the solvent exchange step, the granules are

exchanged 8 times in counter-current mode with acetone to

remove the water.

volume ratio of 1:1

(acetone

:gel)

The exchanges are performed with a

for a minimum of 90

minutes for each exchange at room temperature.

A second solvent exchange step is used.

The granules

are exchanged 2 times in counter-current mode with heptane

to remove the acetone.

volume ratio of 1:1

(heptane

:gel)

The exchanges are performed at a

for a minimum of 90

minutes for each exchange at room temperature.

For the TMCS treatment step, trimethylchlorosilane
(TMCS) is added to the gel/heptane mixture at a level of
0.1 g TMCS/g wet gel for 3 hours.

For the solvent removal step, the granules are placed

in a 160°C oven for overnight.

After the chemical processing is completed, the

granules are ground in a coffee grinder (Bunn, GL1).

Figure 6 demonstrates a typical particle size distribution

after grinding.

The Thermal Conductivities (TC) and packing density

under a 103421 Pa load of compositions F and G are

determined utilizing the procedures set forth above.

The

results are reported below and also reported graphically in

Figure 8. w
Compositi| Packing TC at TC at TC at
on Density 133.322 1333.22 13332.2
103421 Pa Pa Pa Pa
(kg/m3) (mW/meK) | (mW/meK) | (mW/meK)
F 116 5.77 6.44 7.59
G 151 8.48 11.18 13.73

These results illustrate the effects

under load on TC.
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Packing density under load provides an indication of
the strength and porosity of a particulate composition. The
packing density of composition F of the present invention
provides an indication that the composition has sufficient
strength to maintain its porosity and to minimize its
deformation under load so as to minimize the contribution
of solid phase conduction to heat transfer which would
undesirably increase its TC.

Example 3

This example illustrates the effect of particle size on
TC and packing density under 103421 Pa (15 psi) load.

Compositions H, I and J are prepared utilizing the gel
process steps depicted in Figure 5. Further details are
as follows.

- |
Composition H is prepared in the same manner as
composition D above from gelation through solvent removal.
After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).
Figure 6 demonstrates a typical particle size distribution
after grinding.
The resulting powder is sieved to separate the less
than 90 pm size range of particles using a CSC Scientific
Sieve Shaker, model 18480 at setting ¥.5 for 15 minutes.

: s r
Composition I is prepared in the same manner as
composition D above from gelation through solvent removal.
After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).
Figure 6 demonstrates a typical particle size distribution
after grinding.
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The resulting powder is sieved to separate the 90-25¢0
pm size range of particles using a CSC Scientific Sieve

Shaker, model 18480, at setting 2.5 for 15 minutes.

Composition J

Composition J is prepared in the same manner as
composition D from gelation through solvent removal.

After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).
Figure 6 demonstrates a typical particle size distribution
after grinding.

The resulting powder is sieved to separate the 250-500
pm size range of particles using a CSC Scientific Sieve
Shaker, model 18480, at setting 2.5 for 15 minutes.

The density under 103421 Pa load and Thermal
Conductivities of each composition H, I and J, measured in
the manner described above, are as follows and are also
reported graphically in Figure 9.

Composition| Particle | Packing TC at TC at TC at

Size Density 133.322 1333.22 13332.2
(um) 103421 Ppa Pa Pa Pa

(kg/m3) (mW/meK) | (mW/meK) (mW/meK)

H less than 113 4.49 5.01 7.75

90
I 90-250 103 4.71 5.24 6.87
J 250-500 105 5.%4 6.08 7.75

These results illustrate the effect of particle size on

TC and packing density under a 103421 Pa load.

Compositions H, I and J are all compositions of the present

invention but have different packing densities and TC’s.

As illustrated by a comparison of compositions H and

1, a decrease in particle size leads to an increase in

packing density, however the decrease in particle size also

leads to decreased TC's at pressures of 133.322 Pa and

1333.22 Pa.

At the larger particle size range represented
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by Examples I and J, an increase in particle size at

constant packing density leads to an increase in TC.

Example_4

This example illustratés the effect of the type and
presence of an opacifying agent on TC and packing density
under a 103421 Pa load.

Composition K, a control composition, is prepared with
no opacifying agent. - Composition L is prepared utilizing a
physical mixture of an unmodified carbon black CB-A.
Composition N is also prepared utilizing unmodified carbon
black CB-A. Composition M is prepared utilizing a modified
carbon black CB-A. Carbon black CB-A and Modified Carbon
Black CB-A are described above.

Compositions K, L, M and N are prepared utilizing the
gel process steps depicted in Figure 5. Further details

are as follows.

L
For the gelation step, the 5% solution is utilized.
For approximately 800 ml gel, 110 ml 2M H2S04 is

dispensed into a jacketed beaker maintained at 20°cC. The

solution is titrated into the stirred and jacketed vessel
at 20°C. The solution addition rate is 5 ml/min. The
titration is continued until the PH is 5. A Corning pH
meter, model 320, and a Corning "3 in 1” pH Combination

Electrode with automatic temperature wompensation (Corning,

Inc., Corning, NY) was used to measure the pH.

The sol is then poured into casting containers,
approximately 90 ml Teflon® containers. Once the sol gels,
the containers are placed into an oven at 50°C for 15
minutes. After the 50°C oven treatment, the gel is
extruded into 3000u x 3000u Cross-section, square granules.

After the first salt wash, 4 batches (approx. 800 ml)
are combined for the remainder of the processing.

For the salt washing step, the granules are exchanged
with room temperature deionized water 5 times, 1lst water
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wash is overnight, 2nd through 5th wash is 45 minutes. All
wash volume ratios are 1.5:1 (water:gel) .

For the aging step, the excess water is removed and
only the pore fluid is retained. The granules are then
aged 15 hours at 50°C. '

For the solvent exchange step, the granules are
exchanged 11 times with acetone in a counter-current mode
to remove the water. The exchanges are performed with a
volume ratio of 1:1 (acetone:gel) for a minimum of 45
minutes for each exchange at room temperature.

A second solvent exchange step is used. The granules
are exchanged 2 times with heptane in a counter-current
mode to remove the acetone. The exchanges are performed at
a volume ratio of 1:1 (heptane:gel) for a minimum of 45
minutes for each exchange at room temperature. The
granules are then placed in 2000 ml of fresh heptane before
proceeding to trimethylchlorosilane addition.

For the TMCS treatment step, trimethylchlorosilane
(TMCS) is added to the gel/heptane mixture at a level of
0.1 g TMCS/g wet gel for 3 1/2 hours.

For the solvent removal step, the granules are placed
in a 160°C oven for overnight.

After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).

Figure 6 demonstrates a typical particle size distribution
after grinding.

C o

Composition L is prepared in the same manner as
Composition K from gelation through solvent removal.

After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).
Figure 6 demonstrates a typical particle size distribution
after grinding.

The ground aerogel sample is combined with unmodified
Carbon Black CB-A to give a 15% by weight mixture of carbon
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black in an aerogel and carbon mixture. This mixture is

mixed until a uniform appearance is achieved.

o !

For the gelation step,.the 5% solution is utilized.

For approximately 300 ml gel, 42 ml 2M H2SO4 is
dispensed into a jacketed beaker maintained at 20°C. The
solution is titrated into the stirred and jacketed vessgel
at 20°C. The solution addition rate is 1 ml/min. Once a
PH of 3 is reached, the carbon black/water slurry is added
and the solution is stirred for several seconds.

A modified carbon black CB-A/water slurry is prepared
by combining 2.79 g of modified carbon black CB-A and 53 g
of water and sonicating for 2 minutes. The amounts of
added carbon black and water are calculated such that the
total solids content of the gel remains the same. In this
example 15% of the gel composition, by mass, comprises
modified carbon black CB-A.

After addition of the modified carbon black CB-A/water
slurry, the titration is then continued until a pH of 5. A
Corning pH meter, model 320, and a Corning “3 in 1” pH
Combination Electrode with automatic temperature
compensation (Corning, Inc., Corning, NY) was used to
measure the pH. ,

The sol is then poured into casting containers,
approximately 90 ml Teflon® containers. Once the sol gels,
the containers are placed into an ovén at 50°C for 15
minutes. After the 50°C oven treatment, the gel is
extruded into 3000y x 3000p cross-section, square granules.

For the salt washing step, the granules are exchanged
with room temperature deionized water § times over S hours
at a volume ratio 6:1 (water:gel) .

For the aging step, the excess water is removed and
only the pore fluid is retained. The granules are then
aged 60 minutes at 80°cC.

For the solvent exchange step, the granules are
exchanged 5 times with acetone to remove the water. The
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(acetone:gel) for a minimum of 90 minutes for each exchange
at room temperature.

A second solvent exchange step is used. The granules
are exchanged 5 times with heptane to remove the acetone.
The exchanges are performed at a volume ratio of 6:1
(heptane:gel) for a minimum of 90 minutes for each exchange
at room temperature.

For the TMCS treatment step, trimethylchlorosilane
(TMCS) is added to the gel/heptane mixture at a level of
0.1 g TMCS/g wet gel for overnight. After the TMCS
treatment, gels are washed twice in heptane to remove any
unreacted TMCS.

For the solvent removal step, the granules are placed
in a 50°C oven for 4 hours. Next, the granules are placed
in a 80°C oven overnight, and the final solvent removal
step for the granules is 2 hours in a 120°C oven.

After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).
Figure 6 demonstrates a typical particle size distribution
after grinding.

: .
Composition N is prepared in the same manner as

Composition F above.

The density under a 103421 Pa loxd and Thermal
Conductivities of each composition K, L, M and N, measured
in the manner described above, are as follows and are also

reported graphically in Figure 11.
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Composition|Opacifying Packing TC at TC at TC at

Agent Density 133.322 1333.22 13332.2
103421 Ppa Pa Pa Pa

(kg/m>) | (MW/meK) | (mW/meX) | (m/mek)

K None 1lse 7.59 8.43 9.61

L CB-A 134 5.91 6.80 8.10

Modified 116 5.01 5.59 6.61

CB-A
N CB-A 116 5.77 6.44 7.59

10

15

20

25

These results illustrate the effect of the type and

presence of an opacifying agent on TC and packing density

under a 103421 Pa

carbon black,

load.

For a given amount of opacifier, in particular

the nature of the relationship between the

opacifier and the remaining components of the composition

will affect the solid phase component of heat transfer.

A comparison of the TC’s of Compositions L, M and N,

to the TC of composition K, illustrates that the presence
The lowest TC’s in this’
Example are achieved by composition M utilizing an

of an opacifying agent reduces TC.

opacifying agent which is “attached”

Example 5

to the gel precursor.

This example illustrates the effegt of the amount of a

carbon black opacifying agent on

TC.

Composition O is prepared without an opacifying agent.

Composition P is prepared utilizing a modified carbon black

CB-A.

carbon black CB-A.

in Example 1 above.

Composition Q is also prepared utilizing a modified
Modified carbon black CB-A is described

Compositions O, P and Q are prepared utilizing‘the gel

process steps depicted in Figure 5.

as follows.
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Co
Composition N is prepared in the same manner and 1s the

same composition as Composition K above.

o

For the gelation step, the S5%-alternate solution is
utilized.

For approximately 5000 ml gel, combine 1235 ml of
deionized water and 65 ml of concentrated sulfuric acid
(98%, JT Baker) in a jacketed reaction flask at 23°C. The
solution is titrated into the stirred and jacketed vessel
at 23°C. The solution addition rate is 40 ml/min. until
the pH is 3. Once a pH of 3 is reached, the carbon
black/water slurry is added and the solution is stirred for
several seconds.

A modified carbon black CB-A/water slurry is prepared
by combining 25.43 g of modified carbon and 492 ml of water
and sonicating for 2 minutes. The amounts of added carbon
black and water are calculated such that the total solids
content of the gel remains the same. In this Example, 10%
of the gel composition, by mass, comprises modified carbon
black CB-A.

After addition of the modified carbon black CB-A/water
slurry, the titration is then continued until pH of 5 at an
addition rate of 12 ml/min. A Hanna pPH meter, model
HI8510E, and a Cole-Parmer PH Electrode, model 5662-31, was
used to measure the pH. »

The sol is mixed in the reaction flask for 25 min.
after a pH of 5 is reached. The sol is then poured into
two 29.21 cm x 17.78 cm x 7.62 polypropylene casting
containers (11.5 inch x 7 inch x 3 inch polypropylene
containers). The containers are placed in a 65°C oven for
25 minutes. After the 65°C oven treatment, the gel is
extruded into 3000u x 3000u cross-section, square granules.
The gel is extruded into 4 liters of water for overnight.
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For the aging step, the excess water is removed and
replaced with 1.6 L of 65°C water. The granules are then
placed in a 79°C oven for 5 1/2 hours.

For the salt washing step, the granules are exchanged
with room temperature deiohized water 2 times for 60
minutes at a volume ratio of 3:1 (water:gel) .

For the solvent exchange step, the granules are
exchanged 5 times with acetone in a counter-current mode to
remove the water. The exchanges are performed with a -
volume ratio of 3:1 (acetone:gel) for a minimum of 60
minutes for each exchange at room temperature,

A second solvent exchange step is used. The granules
are exchanged 2 times with heptane in a counter-current
mode to remove the acetone. The exchanges are performed at
a volume ratio of 3:1 (heptane:gel) for a minimum of 60
minutes for each exchange at room temperature.

For the TMCS treatment step, trimethylchlorosilane
(TMCS) is added to the gel/heptane mixture at a level of
0.1 g TMCS/g wet gel for a minimum of 3 hours.

For the solvent removal step, the granules are placed
in a 150°C oven for overnight.

After the chemical processing is completed, the
granules are ground in a coffee grinder (Bunn, GL1).
Figure 6 demonstrates a typical particle size distribution
after grinding.

Composition Q -
Composition Q is prepared in the same manner as

Composition M above.
The density under a 103421 Pa load and Thermal
Conductivities of each composition O, P and Q, measured in

the manner described above, are as follows and are also

reported graphically in Figure 12.
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Composition| Modified | Packing TC at TC at TC at
CB-A Density 133.322 1333.22 13332.2

%, by 103421 Pa Pa Pa Pa

weight | (kg/m®)

0 116 7.59 8.43 5.61

P 10 128 5.42 6.06 7.14

15 111 4.89 5.50 6.61

10

These results illustrate the effect of the amount of a

carbon black opacifying agent on TC.

Compositions P and Q

which include opacifying agents, have lower TC values than

composition O, which does not include an opacifying agent.

Composition Q, with a higher amount of opacifying agent,

has lower TC’s than composition P.

It should be clearly understood that the forms of the

present invention herein described are illustrative only

and are not intended to limit the scope of the invention.
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Claims:

1. A particulate composition which under a 103421 pa
load, at 20° ¢, and at a pressure (P) within the range of
133.322 - 13332.2 Pa, in Nitrogen, has:

a packing density of iess than or equal to 160 kg/m3,
and

a Thermal Conductivity (TC) at 133.322-1333.322 pa of
less than or equal to 0.2601np + 4.53 milliWatt/meterk
(mW/meK) and a TC at 1333.322-13332.2 Pa of less than or
equal to (0.8241nP + 0.47) mW/meK.

2. The particulate composition of claim 1 wherein the

composition is a gel composition.

3. The composition of claim 2 wherein the gel
composition comprises a gel component and an opacifying
agent.

4. The composition of claim 3 wherein the opacifying
agent comprises carbon black; activated carbon; graphite;
composites comprising carbon black and metal oxide or

mixtures thereof.

5. The composition of claim 4 wherein the gel
composition comprises greater than or equal to 3%, by
weight, opacifying agent.

k 4

6. The composition of claim 4 wherein the opacifying

agent is carbon black.

7. The composition of claim 2 wherein the packing
density is less than or equal to 140 kg/m3.

8. The composition of claim 2 wherein the TC at
133.322-1333.322 Pa is less than or equal to (0.3041lnP +
3.91) mW/meK and the TC at 1333.322-13332.2 Pa is less than
or equal to (0.8251nP + 0.16) mW/meK .
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9. The composition of claim 2 wherein the composition

has a an average particle size of between 50-500 microns.

10. The composition of claim 2 wherein the
composition has a porosity of greater than or equal to
0.90.

11. A particulate gel composition comprising a gel
component and an opacifying agent, the gel composition
having under a 103421 load, at 20° C, and at a pressure (P)
within the range of 133.322 - 13332.2 Pa, in Nitrogen:

a packing density of less than or equal to 160 kg/m3;

a TC at 133.322-1333.322 Pa of less than or equal to
0.2601lnP + 4.53 milliWatt/meterK (mW/meK) and a TC at
1333.322-13332.2 Pa of less than or equal to (0.8241nP +
0.47) mW/meK;

an average particle size of between 50-500 microns;
and

a porosity of greater than or equal to 0.90.

12. The particulate gel composition of claim 11

wherein the opacifying agent comprises carbon black.

13. A particulate composition which under a 103421 Pa
load, at 20° C, and at a pressure of 1333.22 Pa, in
Nitrogen, has: k4

a packing density of less than or equal to 160 kg/m3
and

a TC of less than or equal to 6.4 mW/meK.

14. The particulate composition of claim 13 wherein
the composition is a gel composition.
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15. The composition of claim 14 wherein the gel
composition comprises a gel component and an opacifying
agent.

l16. The composition of claim 15 wherein the
opacifying agent comprises carbon black; activated carbon;
graphite; composites comprising carbon black and metal

oxide or mixtures thereof.

17. The composition of claim 16 wherein the gel
composition comprises greater than or equal to 3%, by

weight, opacifying agent.

18. The composition of claim 16 wherein the

opacifying agent is carbon black.

19. The composition of claim 14 wherein the packing

density is less than or equal to 140 kg/m3

20. The composition of claim 14 wherein the TC is
less than or equal to 6.1 mW/meK.

21. The composition of claim 14 wherein the
composition has an average particle size of between 50-500

microns.

22. The composition of claim 14®wherein the
composition has a porosity of greater than or equal to
0.90.

23. A particulate gel composition comprising a gel
component and an opacifying agent, the gel composition
having under a 103421 Pa load, at 20° C, and at a pressure
of 1333.22 Pa, in Nitrogen:

a packing density of less than or equal to 160 kg/m3;

a TC of less than or equal to 6.4 mW/meK;
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an average particle size of between 50-500 microns;
and
a porosity of greater than or equal to 0.90.

24. The particulate gel composition of claim 23
wherein the opacifying agent comprises carbon black.

25. A particulate composition which under a 103421 Pa
load, at 20° C, and at a pressure of 133.322 Pa, in
Nitrogen, has:

a packing density of less than or equal to 160 kg/m3
and

a TC of less than or equal to 5.8 mW/meXK .

26. The particulate composition of claim 25 wherein
the composition is a gel composition.

27. The composition of claim 26 wherein the gel
composition comprises a gel component and an opacifying
agent.

28. The composition of claim 27 wherein the
opacifying agent comprises carbon black; activated carbon;
graphite; composites comprising carbon black and metal

oxide or mixtures thereof.

29. The composition of claim 2% wherein the gel
composition comprises greater than or equal to 3%, by

weight, opacifying agent.

30. The composition of claim 28 wherein the
opacifying agent is carbon black.

31. The composition of claim 26 wherein the packing
density is less than or equal to 140 kg/m3.
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32. The composition of claim 26 wherein the TC is

less than or equal to 5.4 mW/meK.

33. The composition of claim 26 wherein the
composition has a an average particle size of between 50-
500 microns.

34. The composition of claim 26 wherein the
composition has a porosity of greater than or equal to
0.90.

35. A particulate gel composition comprising a gel
component and an opacifying agent, the gel composition
having under a 103421 Pa, at ambient temperature, and at a
pressure of 133.322 Pa, in Nitrogen:

a packing density of less than or equal to 160 kg/m3;

a TC of less than or equal to 5.8 mW/meK ;

an average particle size of between 50-500 microns;
and

a porosity of greater than or equal to 0.90.

36. The particulate gel composition of claim 35
wherein the opacifying agent comprises carbon black.

37. A particulate composition which under a 103421 Pa
load, at ambient temperature, and at a Pressure of 13332.2
Pa, in Nitrogen, has: kg

a packing density of less than or equal to 160 kg/m3,
and

a TC of less than or equal to 9 mW/meK.

38. The particulate composition of claim 37 wherein
the composition is a gel composition.

39. The composition of claim 38 wherein the gel
composition comprises a gel component and an opacifying
agent.
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40. The composition of claim 39 wherein the
opacifying agent comprises carbon black; activated carbon;
graphite; composites comprising carbon black and metal
oxide or mixtures thereof.

41. The composition of claim 40 wherein the gel
composition comprises greater than or equal to 3%, by
weight, opacifying agent.

42. The composition of claim 40 wherein the
opacifying agent is carbon black.

43. The composition of claim 38 wherein the packing
density is less than or equal to 140 kg/m3.

44. The composition of claim 38 wherein the TC is
less than or equal to 8 mW/meX.

45. The composition of claim 38 wherein the
composition has an average particle size of between 50-500

microns.

46. The composition of claim 38 wherein the
composition has a porosity of greater than or equal to
0.90.

-

47. A particulate gel composition comprising a gel
component and an opacifying agent, the gel composition
having under a 103421 Pa load, at ambient temperature, and
at a pressure of 13332.2 Pa, in Nitrogen:

a packing density of less than or equal to 160 kg/m3;

a TC of less than or equal to 9 mW/meK;

an average particle size of between 50-500 microns;
and

a porosity of greater than or equal to 0.90.
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48. The particulate gel composition of claim 47

wherein the opacifying agent comprises carbon black.

49. A gel composition produced without supercritical
drying having a porosity of greater than or equal to 0.95
and a rod density of less than or equal to 100 kg/m3.

50. The gel composition of claim 49 wherein the
composition comprises: a gel component and an opacifying

agent.

51. The gel composition of claim 50 wherein the

opacifying agent is carbon black.

52. An insulation body comprising the particulate

composition of claim 1.

53. The insulation body of claim 52 wherein the

particulate composition is a gel composition.

54. An insulation body comprising the particulate
composition of claim 13.

55. The insulation body of claim 54 wherein the
particulate composition is a gel composition.

56. An insulation body comprisi¥lg the particulate

composition of claim 25.

57. The insulation body of claim 56 wherein the

particulate composition is a gel composition.

58. An insulation body comprising the particulate

composition of claim 37.

59. The insulation body of claim 58 wherein the

particulate composition is a gel composition.
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60. The use of the insulation body of claim 52 as a
thermal insulation medium in a refrigeration appliance.

56

- SUBSTITUTE SHEET (RULE 26)



PCT/US97/16520

WO 98/13135

1712

.v

Ol

0001

(Vd) 34¥NSS3Iyd

00!l Ol

TTTT 1T

]

TTTTT T

I

I

pHTTT T T

TTTTT1

LY 0+(d)UI ,¥28°0=01
€S ¥+(d)ul 092" 0=01
91°0+(d)ul ,528°0=01
L6°¢+(d)ul . ¥0£ 0=01

I

| "Old

o

N
(I—w/mw) ALIALLONANOD TYANIHL

d—

9l



WO 98/13135 PCT/US97/16520

2/12

FIG. 2



WO 98/13135 ' PCT/US97/16520

3/12
16 e
/'/ 5
=
/ V28
SN =SS
18

FIG. 3 .



STATIONARY

PLATTEN -

THERMOCOUPLE —

SPACING FOR C—CLAMPS ——]

62
3
53
Y.
|1 —— SPACING FOR C—CLAMPS
-]
THERMOCOUPLE _ | 5\ ‘i
32 TYVEK®POUCHES
HEATER AND
THERMOCOUPLE }\' $ CONTAINING TEST SAMPLE
34—1 =a
_ 44
N e FORCE APPLIED=360
T 24 Ib TO 4"X6” ‘AREA
55

MOVING  —

PLATTEN

FIG. 4

64

AV

SEIEL/86 OM

0TSIT/L6SN/ LD



WO 98/13135

5/12

GELATION

l

SALT
WASHING

AGING

i

SOLVENT
EXCHANGE

|

TMCS TREATMENT

l

SOLVENT
REMOVAL

FIG. §

PCT/US97/16520



WO 98/13135 ' PCT/US97/16520

WEIGHT PERCENT IN EACH SIZE RANGE

40

35

30

25

20

15

10

6/12

RERNIRARRIRRRRIRARRIRRRRIRRRE

<90 90-250 250-500 500-1000 >1000
SIZE RANGE, MICRONS

FIG. 6



PCT/US97/16520

l Ol
(Vd) 3¥NSS3¥d

G 0l 0001 001 ol

OP 3
fIrrrrTrT—1 [T T 11 [FITTT WHITT 7 T T

7/12

w/By L1l ‘NOLLO3IS—SSOYyD wwg “139043v—3

gl

91

0¢

144

8¢

Cl—Ww/mw) AIAILONANOD TWNMIHL

WO 98/13135

cw/by s6'W T 0GZ—-06 “139043IV—(
cw/by 0¢1 ‘@1IS—0-8gvD 108vD-)
cw/by 081 ‘©S7005M4 VSSNH3IA-1

cw/by ¢zZ1 ®1390Sve 4Svg-v

Btosm

IHMHllllllzulullulluf




PCT/US97/16520

WO 98/13135

8712

(Vvd) 38NSS3Ivd
0l 0001 001 Ol

\V
[T T T T [TITTT T 1T 71 [TTTTT T T 77 [TTTTT T

cw/by L1l ‘NOILOIS—-SSOY¥D WWe “TI90Y3Iv—3
cw/by s6'wT Q05z—06 ‘“1390¥3V—0Q

cw/by 0¢1 ‘®S—-0-gvd L0avd-)

cw/by 081 ‘©S700SM4 VSSN9HIa-4

cw/by ¢zl ‘®71390Svg 4Svg-v

I

il gefel

Lll!lllIl]!ll[lI[lf!'Jll[lil

o

0

o

N

ﬁ.

gl

(Gl=w/mw) ALIALLONANOD TYWNIHL

8 Old



PCT/US97/16520

WO 98/13135

9712

mor

6 9Ol

(vd) 3¥NSS3yd

Ol 0001 001 0l 1

__Z_ﬁ_ R ________ I —:__1~_ T 1_:__~ | __:___ P ll.v

l.:.@

mm

—lot

1z

ami

—91

cw/by 161 ‘NOSYVD QIIHIQONNN %S| —9 o — a1
cw/By 911 ‘NOGYVD J3IJIQONNN %Si—4 &  —

—loz

(—Ww/mw) ALIALLONANOD IWANIHL



PCT/US97/16520

WO 98/13135

10712

0l

401

Ol Ol

(Vd) 38NSSINd
0001 001 0l

_:___ I

T

_:_____ T _::_.~ I ___:__~ I _:__-__

|‘

cw/by goL ‘w7 0oG—-05Z—r-o~
cw/by ¢ol ‘wr 0GZ-06~I-X—
cw/by ¢1|L ‘wr 06 NVHL SSIT—H-e—

O

9]

O

N

14’

Lt b b gLy

9l

(M—w/mw) ALIALLONANOD TWWNIHL



PCT/US97/16520

WO 98/13135

(vd) 3¥NSSIYd _ _ .O_l._

Ol 404 0001 0014 o]} |
_:____ﬂ | _:_____ I __:___ﬁ_ _:_____ I _:___~_ [ . 14
1o T
—9 ™
— A
<
— >
. [
—|8 mw
— Z
O
] -
. @
lem
1.3
:um_m
4 7
=
—¥1
gw/Bby gLl ‘NOgYVO GITHICONNN %SL—N & B
£W/0 911 ‘NOBWYD CILICON %Si-W & g,

gw/By ¥ ‘NOS¥VO QILIGOANN HIIM JUNLXIA TVOISAHd %GL—17 +
cw/By 91l ‘NOGMVD ON-M



PCT/US97/16520

WO 98/13135

12/12

moF

2l Ol

(Vd) 3¥NSS3dd
4,01 0001 001 0l

_:____ T

(T T7 T (HrrTrT T PP ¥ [T

cw/by 111 ‘NOguVO QII4IQON %SL-D &
cu /by 8Z1 ‘NOSYVYD QIIJIAON %0l—d -A-
cw/By 911 ‘NOSYVD ON—-O o

T

ol

(=W /Mmw) ALIALLONANOD TWANIHL

vl

gl



INTERNATIONAL SEARCH REPORT

inte. ..ational Apptication No

PCT/US 97/16520

A. CLASSIFICATION OF SUBJECT MATTER

IPC 6 BO1J13/00

According to international Patent Classitication(IPC) or to both national classification and {PC

8. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classtication symbols)

IPC 6 BO1J BO1D

Bocumentation searcned ather than mirimum documentation to the extent that such documeants are included in the fieids searched

Electronic data base consufted during ine mntarnational search (name of data base and, where practical, search tarms usad)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation ot docurnent. with Indication, where appropriate. of the relevant passages Relevant to claim No.
A WO 96 18456 A (CABOT CORPORATION) 20 June
1996

cited in the application

see claims 1-20

A US 5 397 807 A (MARTIN K. HITCHCOCK ET AL)
14 March 1995

see claims 1-13

A EP 0 068 684 A (NATIONAL RESEARCH) §
January 1983
see claims 1-13

k 4

D Further documents are fisted in the continuation of box C. Patent tamily members are listed in annex.

* Special categories of cled documents , .

“T" later document published atter the internationat tiling date
of priority date and not in contiict with the application but
cited 1o understand the principle or theory undertying the
invention

"A" document detining the general state of the art which is not
considared to ba ot particular relevance
"E" eartiar document but publishad on or aftar the intarnational “X* document of particular relevance: the claimed invention

fiing date cannot be considerad novel or cannot be considerad to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is citad to estabiish the publicationdate of another v g .
. locument of particular relevanca; the claimed invantion
cration or other special reason (as spacified) cannot be considered o involve an inventive stap when the

0" dacument referring 1o an oral disclosure. use, exhibttion or document 1S combined with ons or more othar such docu-
other means ments, such combination baing obvious 1o a parson skilled
"P” document published prior 1o the international filing date but in the art.
later than the pnority date claimed "&" document member of the same patent family
Date of the actuai completion of theinternational search Date of mailing of the international search report
3 December 1997 15/12/1997
Name and mailing address of the ISA Authonzed officer

European Patant Office, P.B. 5818 Patentlaan 2
NL -~ 2280 HV Rijswiijk

Tal. (+31-70) 340-2040, Tx. 31 651 epo ni, : -
Fax: (+31-70) 340~3016 Fouguier, J-P

Form PCT/ASA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

Intormation on patent tamily members

inte: ..ational Application No

PCT/US 97/16520

Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9618456 A 20-06-96 AU 4684996 A 03-07-96

NO 972733 A 13-06-97
US 5397807 A 14-03-95 EP 0723563 A 31-07-96
FI 961635 A 12-04-96
HU 74850 A 28-02-97
JP 9503810 T 15-04-97
NO 961476 A 12-04-96
WO 9510558 A 20-04-95
US 5461098 A 24-10-95
US 5571847 A 05-11-96
EP 68684 A 05-01-83 DK 260682 A 13-12-82
GB 2100269 A,B 22-12-82
JP 1840054 C 25-04-94
JP 3034491 B 22-05-91
JP 58005331 A 12-01-83
US 4542176 A 17-09-85
k4

Fom PCT/ISA210 (patent farmily annex) (July 1992)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

