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invention is 2 particulate composition which under a 103421
Pa, in Nitrogen, has: & packing density of less than or equal
less than or equal to (0,260InP + 4.53) milliWattmeterk (MW/m.K)
+0.47) mW/m.K. A preferred particulate commposition is a gel comp
compositions,
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The present invention relates to panticulate compositions having improved thermal conductivity values. An embodiment of the present
Paload, at 20 °C, and at a pressure (P) within the range of 133,322 - 133322
to 160 kg/m3, and a Thermal Conductivity (TC) at 133.322 - 1333 — 322 Pa of

and & TC at 1333.322 - 133322 Pa of less than or equal to (0.824InP
osition, Also disclosed are insulation bodies comprising the particulate
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Compositions and Insulation Bodies Having Low Thermal
Conductivity
Field of the Invention:
The present invention relates tc compositions with
5 improved thermal conductivity properties. The present
invention also relates to insulation bodies comprising the

compogitions.

Background:

10 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

15  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 liquide.

20 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

25 substantially impermeable film surrounding the filler
material. The vesasel is generally evacuated to an internal
pressure below atmospheric pressure and hermetically
sealed. In addition to providing insulating value, the
functions of the insulating composition include supporting

30  the skin of the vessel so that the vessal does not collapse
during evacuation.

Vacuum insulation panels may be advantageously
utilized in insulaticn applications including the walls of
the refrigeration appliances. It is advantageous for such

35 panels to remain effective for the life of the appliance,

. which may exceed 20 vears,

1
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The insulating characteristics of a vacuum pane! are a function of the
thermal conductivity of the particulate composition utilised 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 filed 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 minimise 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. In addition, manufacturing and production costs
are increased by the need for substantially gas impermeabie barrier materials
(e.9. 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.

Summary of the Invention

The present invention provides a particulate composition which under
103421 Pa (15 psi) load, at 20°C (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 133.322-1333.22 Pa of less than or equal
t0 0.260 ¢nP + 4.53 milliWatt/meterk (mW/meK) (TC < (0.260 ¢nP + 4.53)
mW/meK) and a TC at 1333.322-13332.2 Pa of less than or equal to (0.824 (nP
+0.47) mW/meK (TC < (0.824 ¢nP + 0.47) mW/meK).
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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 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 or equal to 160 kg/m3, and

a TC of less than or equal to 6.4 mW/me=K.

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 TG of less than or equal to 9 mW/meK.
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In accordance with a further aspect of the present

invention there is provided a particulate compeosition 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 :

' & packing density of less than or equal to 160 kg/ma,
and ‘

a Thermal Conductivity (TC) at 133.322-1333.22 Pa of
less than or equal to 0.2601nP + 4.53 williWact /meterk
{mW/meK)} (TC < (0.2601nP + 4.53) mW/meX) and a TC at
1333.22-13332.2 Pa of less than or equal to (0.824lnP +
0.47) mW/meK (TC < (0.8241nP + 0.47) miW/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, 2 preferred
composition of the present invention is a gel cam0051tlon

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 alszo 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 description.

Brief Description of the Drawings:

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 2 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
2 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.

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

Figure 8 iz another graphical representaticn of the
thermal conductivity (TC) of different materials discussed
in Exampie 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 digcussed in Example
4 below.

Figure 12 ig a graphical representation of the thermal
conductivity (TC) of materials which differ in the type and
presence of a carbon black cpacifying 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° C
(Celsiug), and at a pressure (P) within the range of
133.322 - 13332.2 Pa {1-100 Torr), in Nitrogen, has:

SUBSTITUTE SHEET (RULE 26)




10

15

20

25

30

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

preferably 1§sé than or equal to 1490 kg/m3, more preferably
10-120 kg/m3 and ’

& Thermal Conductivity (TC) at 133.322-1333.22 pa of
less than or equal to 0.280InP + 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 1333,22-13332.2' pa of less than
or equal to (0.8241nP + 0.47) mW/meK (TC < (0,8241nP +
0.47) wW/meK}, preferably less than or equal to (0.825lnP +
0.16) mW/meX (TC < (0.825lnP + 0.16) mW/meK).

In formulas utilized herein "In" refers to the natural
log (logel=lnl=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 = (0.2601nP + 4.53) mW/meK at 133.322-1333.22 Pa and TC
= [0.8241nP + 0.47) mW/meK at 1333.22—13332.2;'}?5. The .
lower curves in Figure 1 represent fc = (0.304InP + 3.91)
mW/meK at 133.322—1333;22:pa and TC = (0.8251nP + -0.16)
mW/meK at 1333.22-13332.2 Pa.

In accordahce 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 pressurs of 133.322 Pa
(1 Torr), in Nitrogen, has:

a packing density of less than or equal to 150 kg/mB,
preferably less than or equal teo 140 kg/m3, more preferably
10-120 }cg/m3 and

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

In accordance with another aspect of the present
invention thera 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:
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a packing density of less than or equal to 160 kg/m
preferably less than or equal to 140 kg/m3, more pre;e*ably
10-120 kg/m and

2 TC of less than or equal to 6.4 mW/meX, preferably
less than or equal to 6.1 wi/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/m . more preferably
10-120 kg/m 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) 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,
preferably less than or equal to 140 kg/m . more preferably
10-120 kg/ n° and

a Thermal Conductivity {TC) at 133.322-1333.22 pa of
less than or equal to 0.2601nP + 4.53 milliWatt/ﬁé:erK
{(miW/meK} (TC < (0.2601nP + 4.53) mW/meX), preferably less
than or equal to (0.2041nP + 3.31) wW/meK (TC < (0.3041nP +
3.91) mW/meX) and a TC at 1333.22-13332.2 Pa of less than
or equal to (0.8241lnP + 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) mi/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 te reduce
heat transmission in insulation applications which include,
but are net 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
to 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 ingulating ability, and thus lower TC.

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

thermal resistivity = 1/TC.

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/cr
fills the pores. Fror 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 te 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 T¢ are
set forth below.

Packing density refers to the mass or weight of the
composition divided by its velume. The mass or weight of
the composition, and its volume 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 insulaticn 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
102421 Pa (15 psi). Compressgion is maintained for the TC
meagurement,

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 gasecus 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 surrcunding atmosphere may

comprise air, nitrogen, or a gas with a different thermal

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

Preferred embodiments of compositions of the pregent
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 te 500 m2/g. BET
surface area may be determined utilizing ASTM test
procedure D1993,

I 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 micronsg. These particle gizes
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 0.20, 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)
POrosity = 1 ~ weoommmmee
(density of the material in solid form)

More details relating te the measurement of porosity are
provided below.

A preferred composition of the present inventicn ig 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 application 96/18456 the disclosure
of which is hereby incorporated hersin by reference,
Preferably the gel component is a silica aerogel, more
preferably a silica aerogel produced from a sodium gilicate
precurser.

Algo 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 carbonaceocus materialsg,
iron oxides, Ala03, FeTiO3, TiQs, 2rOy and other opacifying
agents known in the art. A preferred opacifying agent
comprises a carbonacecus material. Carbonaceous materials
include: carben black; activated carbon; graphite;
composites comprising carbon black and metal oxide (e.qg.
gilica); 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 (N282) of at least 10 m2/g, preferably 15 to
500 m2/g.

In a preferred embodiment of a composition of the
present invention, the compogition comprises greater than
or equal to 3%, preferably greater than or egual 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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"attached” as used herein, are set forth in published peT
application WO36/18456 referenced sbove. 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 attacheqd
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 compopent, In addition, the
Rub-0ff value of a gel composition comprising an attached
opacifying agent, in particular an attached carbonaceous
component, will generally be less than the Rub-Off value of
a composition wherein the gel component and the cpacifying
agent are physically mixed, or a compesition wherein the
opacifying agent is encapsulated within, but not attached
to, the gel matrix of the gel component. A

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 W096/1845¢
carbonaceous materials, in particular carbon blacks, may be
treated in the following manner to render the‘carbcnaceous
macerial attachable to the gel component .

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

t2
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Modified carbonaceous components and various methods for

their preparati‘on are described in: published BCT application
W096/18456 entitled »Gel Compositions”; published peT
application WO96/18688 entitled "Reaction of Carbon Black with
Diazonium Salts, Resultant Carbon Black Products and their
Uses?; and published pCT application WO96/18690 entitled
"Reaction of Carbon Materials with Diazonium Salts and
Resultant Carbon Products”. 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 fellowing paragraph with
reference to carbon black as the carbonaceous component,
Similar methods could be performed to prepare attachable
carbonacecus components other than carben black.

To prepare attachable carbon black, the diazonium sale
need only be sufficiently stable to allow reaction with the
carbon black. Thus, that reaction can be carried out with
some diazonium salts otherwiss 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 carbon black. Further, the
reaction may be carried our at elevated temperatures where
many diazonium saltsg 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
temperatyres 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 watex for carbon

13
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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 jonic
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
or a cationic group and the ionizable group ray form an
anion or a catien,

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 ienizable
group forming an anion, such an organic group has a) an
aromatic group eor a C3-Cy2 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 pXa 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 C3-C12 alkyl group of the organie
group is directly attached to the carbon black. The
arcmatic group may be further substituted or unsubstituted,
for example, with alkyl groups. The C1-Cya 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 acidiec group is a sulfonic acid group, a
sulfinic acid group, a phosphonic acid greup, or a
carboxylic acid group. Examples includs -COOd, ~503% and -
PO3H;, and their salts, for example -COONa, -COOK, -COO-NR4*,

-503Na, -HPOs;Na, -S03-NR4*, and PO;3;Na,, where R is an alkyl or

phenyl group. Particularly preferred ionisable
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substituente are -COOE and -S03H 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 sul fonaphthyl
group Or a sall thereof; or a substituted or unsubstituted
(polysulfo) naphthyl group or a salt theresf. a preferred
substituted sulfophenyl group is hydroxysulfophenyl group
or 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 caticnic 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 guaternary 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
or a naphthyl group and a gquaternary ammonium or a
quaternary phosphonium group. The aromatic group is
preferably directly attached to the carbon black.
Quaternized cyclic amines, and guaternized 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 composgition 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 processing.
In particular the gel compositions may be produced by the
processes disclosed in the Examples herein and the Examples
in the referenced applications and thejr 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 golids
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 usge
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 golids
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) 1if desired, washing the gel;

5) if desired, exchanging the pore fluig

6) if desired, chemically treating the gel; and

7) removing liguid 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 bPrecursor by a process
comprising:

initiating gelation in a solution compriging gel
precursor solide and allowing gelation to proceed to g
predetermined degree of completion;

ceontacting the initial gel with a surface modification
agent and

removing liquid 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 cne 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 final gel composition prior
to contact with the surface modification agent;

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

aging the resulting gel at a temperature, and for g
period of time sufficient to achieve the mechanical
characterigtics desgired in the final gel composgition afteyr
contact with the surface medification agent;

exchanging pore fluid in the resulting gel prior to
contact with the surface modification agent ;

v
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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 ingredients, such as opacifying
agents and the like are desired in the final gel
composition, these ingredients may be added te the

solution prior to the imitiation of gelation, .

In a preferred method of producing compositions of the present
invention the solids concentration of the solution is chosen
such that the solids concentration of the resulting gel
composition 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.

Cne example of a preferred method of producing gel
compositicns, which may be utilized to produce compositions
of the present invention, is described in published poT
application WO94/251439, assigned to the University of New
Mexico, the disclosure of which is hereby incorporated
herein by reference. In the method described in WO94/25149
the internal pore surface of a wet gel, for example an
alkexide-derived silica gel, is reacted before drying with
an organic surface modification agent comprising the
formula RxM{y where R is an organic group, M is Si or al
and X is a halogen, e.g, trimethylchlorosilane
({CH3)35iCl), 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 Ilimited to oxide,
polymeric and particulate gel precursors known ir the art,

such as:
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Metal Oxide Gel Form(s) as Gel Precursor
5103 Alkoxide, Silicate Compositions,
Colloidal,
Pyrogenic
Ti0p Alkoxide, Colloidal, Pryogenic,
Titanate

Compositions, Titanium Halides

Alp03 Alkoxides, Colloidal, Aluminate
Compositiong,
Salts, Pyrogenic, Aluminum Halideg
ZrQ3 Alkoxides, Colloidal, Zirconate
Compositions,

Salts, Pyrogenic, Zirconium Halidesg

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,

functiocnalized melamine-

formaldehyde resins

phenol-furfural (P-F) phenol and furfural

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 cpacifying 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 wharein an opacifying agent is
attached to a gel component.

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 compogition of the present
invention. In 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 way or may not be evacuated (under
vacuum) , which may be filled, or partially filled, with an
a particulate composition of the pbresent invention. Such
structures include, but are not limited to panels,
blankets, walls, housings and the like. An insulaticn body
of the present invention may be utilized 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 inventicn under vacuum and a subtantially gas
impermeable barrier surrounding the compositicn. The
insulating structure embodiments of the present invention
may further include additicnal structural elementg 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 compcsition 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. In general terms, in
non-vacuum applications, a particulate compesition of the
present inventiorn may be enclosed within, or surrounded by
2 barrier, sufficient to contain substantially all of a
particulate compositien 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 compoenent to a
composition which is foamed, extruded, molded or otherwise
formed into a definable volume. For example a particulate
compogition of the present invention may be added as a
component to a styrofoam composition which is then formed
into bricks. The composition inciuding a particulate
composition of the present invention may also be further
enclosed if desired.

&4n insulation body of the present invention may be
produced by conventional technigues knowr in the art, guch
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 present invention within & 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 pregent
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 alszo 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 pPressing operations. Suitable porous pouches
include those formed from any material which allows the
passage of air and moisture but holds the particulate
compoesition 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.T. DuPont de Nemours Company, Wilmington,
Delaware and CELGARD polypropylene produced and sold by
Celanese Corporation, and porous peouches formed from paper
of the type utilized as filter paper.

In the opticnal 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 compositicon of the pregent invention.
Generally, the drying temperature will be at least 100° C,
the upper limit being a temperature at which neither the
particulate compogition of the present invention or the

porous pouch, 1if 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 hae 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 inventicn 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 £ill the space where
it is to be utilized. For appliance applications, e.g.
refrigeratore or freezers, the length, 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 properties of the gas
impermeable barrier enclosure shall permit it to survive
handling without puncture or other damage. In general, the
overall thicknesas 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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sirength to hold the a particulacs compesition 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 substantially 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, if 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 characteriscics of different
compositions. The physical characteristics, such as pore
size, pore size distribution, surface area and structure of
compositions such as gels are difficult to measure due to
the fragility of the compasition. 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. The absence of convection, heat transfer occurs through
gas phase conduction, solid phase conduction and radiation. 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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However, changes made to any individuat property of the composition to
reduce at least one mode of heat transfer may increase one or more other
modes of heat transfer to an undesirable extent.

As illustrated in the Examples, attributes of compositions of the present
invention may be modified to produce advantageous TC and packing density
under load.

The following testing procedures were utitised in the Examples,

Thermal Conductivity (TC) and Packing Density

The Thermal Conductivity (TC) under load of the compositions is

measured according to ASTM Test Procedure C1114-92 utilising the
procedures and equipment described below and illustrated in Figures 3 and 4.
The packing density of the compositions is measured by the technique set forth
below. )
1. Approximately 200-300 cubic centimetres (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 compaosition utilised 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. TVEK® is a registered
trade mark for fibers of E.l. DuPont de Nemours Coempany, 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 egual
portions by weight and the weight of each portion is
recorded.

3. BRach portion of the composition sample is placed
into a 4 inch (102 mm) by 6 inch (152 mm) by 0.25 inch (5
mm) TYVEE?® pouch.

4. Each pouch is gealed with adhesive to produce 2
gubstantially 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 thermccouple 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, 1is
and 18 respectively and include connector means on their
ends for comnecting the thin foil heater apparatus to a
heating and measuring device.

&. 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. Additional aluminum
pleces 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 arcund 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 gtationary
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 sguare inch for
the 4 inch by 6 inch pouch).

9. C-clamps are placed around the aluminum plates 42
and 44 are tightened sufficiently to maintain the pressure
applied by the press. The press is then released.

10. The distance between thermocouple sheets 14 and
16, and the distance betwsen thermocouple sheets 16 and 18
is measured at all four comers to determine the thickness
of each pouch under the 103421 pa (15 psi) load. The
packing density of the composition sample is calculated
from thé 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 jnches 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 obrained 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 ambient temperature of
between 17°-25°C. The TC of the compositions of the present
invention will be substantially equivalent if measured in
atmoépheric 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 simjlar conductivity, as the
gas which surrounds and fills the peres of the composi;ions
and spaces within the volume of the compositjon being

analysed.
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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 ambient temperature at the
time of measurement, no substantial variation 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,

Particle Size
Particle size of the compositions is determined by physical separation

techniques utilising 1 mm (18 mesh), 500 pm (35 mesh), 250um (60 mesh) and

90 um (170 mesh) screens. A CSC Scientific Sieve Shaker, mode! 18480 is
utilised 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, a gel is cast and formed in cylindrical moulds.
The total gel volume is determined by physically measuring the dimensions of a
dry gel. The bulk density is determined by weighing the dry gel and dividing by
the geometric volume. In instances where a rod like geometry is not maintained
or, as a verification of the above method, mercury displacemant is employed.

The rod density of gel compositions measured by mercury displacement
is 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 weight 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 iz pores, both in and around the particulate

material and may be determined by the following formula:

(measured rod density in porous form)
POYOHILY = 1 = =-mmm oo
(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 materiszl, In the
case of a silica gel composition, without opacifying
agents, the density of the solid mass of material ig
agsumed 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, the density of the solid
masg of material is assumed to be a weighted average of the
densities of each component. For example, in the case of a
gel compogition comprising a silica gel precursor and a
carbon black opacifying agent, the density of the sclid
mass of material is assumed to be a weighted average of the
dengity of a solid mass of silica (2.2 g/cc) and the
density of a solid mass of carbon black (1.8 g/cc) .

n B i
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The nitrogen surface area (N3SA) of the carbon blacks

utilized in the examples, expressed as square meters per
gram (mzlg) was determined according to ASTM test procedure
D3037 Methed A. )

The dibutyl phthalate adsorption value (D8P) of the
carbon blacks utilized in the examples, expressed as
milliliters per 100 grams of carbon black (ml/100g9), was
determined according to the.procedure set forth in ASTM
D2414.

luk; .

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 thé
following example aerogels. The sodium silicate comes Lxrom
a commercially availahle 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) 5i02, 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 H,50, in the examples to produce gel
compositions having a solids concentration of approximately
5%, by weight.

2) The 8% solution is prepared by adding 72.5 ml of §®
silicate to 197 ml of deionized water. This solution is
utilized with 2M H;SO4 in an example to produce a gel
composition having a solids concentration of approximately
8%, by weight.-

3) The 5%-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 comoosition P.
This solution is utilized with 98% H,S0; in an example to
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produce a gel compesition having a solids cencentration of
approximately 5%, by weight. .

Sarbon Rlack Properties

Carbon black CB-A utilized in the following examples
is a carbon black produced by Cabot Corporation, Boston,
Massachusetts which has a N2SA of 24 mz/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 NaNQ3 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 ¢,

The resulting carbon black product was designated
"Modified CB-A* and is a carbon black having attached 4-
C5H4SCB' groups.

Carbon black CB-B is MONARCH® 120 carbon black, a
trademarked product of Cabot Corporation, Boston,
Massachusetts that has a NaSA of 25 m?/g and a DBP of 64

ml/100g.

Example 1
This example illustrates a process for producing a
composition of the present invention. In 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 Figure 5.
Further details are as follows.
For the gelation step, the 5% solution deseribed above

is utilized.
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For approximately 300 ml gel, 42 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 soluticn addition rate is 1 ml/min, Once a
PH of 3 ig reached, a Modified CB-2A 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-& 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 CR-2A carbon black/water
slurry, the titration is then continued until the pH equals
5. A Corning pE meter, model 320, and a Corning *3 4in 1~
pH Combination Electrode with automatic temperature
compensation (Cerning, Inc., Corning, NY) are 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 through a die into 3000u x 3000k cross-section,
square granules.

For the salt washing gtep, the granules are exchanged
with room temperature deionized water 6 times over 5 hourg
at a velume 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 90-2504 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) 1oad of the composition of the present
inventien, D, and the TC and backing density under 103421
Pa (15 psi) load of four control compogitions A, B, C and
E are determined utilizing the procedures set forth above.
Contrcl composition A is a BASFE Basogel® gilica aerogel
sample, manufactured and sold by BASF, Ludwigshafen,
Uermany which has a particle size range with all particles
being less than 500pm, and a wedian size between 50pm and
150um. Control composition B is a Degussa FK500LS® gilica
aerogel, manufactured and sold by Degussa Akgt., Frankfort,
Germany, which hag an average particle size of 3um.

Control composition C is Cabot Cab-0-$i1® EHS5, manufactured
and sold by Cabot Corporation, Tuscola, Illinois, which has
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Composition E was an aerogel granmule 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 remaing in the
extruded form, approximately 2000u x 3000y crogs-section,
granules. .

The density under a 103421 Pa (15 psi} and Thermal
Conductivity (TC) of each composition A, B, ¢, D and E,
measured in the manner described above, are as fellows and

are also reported graphically in Figures 7 and 8.

Composition|{ Packing TC at TC at TC at

Density 133.322 1333.22 13332z.2
103421 Pa Pa Pa Pa
Load (miW/meK) | (mW/meX) | (mW/meX)
(kg/m’)

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

These results illustrate the advantageous TC achieved
by a composition of the present inventiocn D at vacuum
levels of 133.322 Pa, 1333.22 Pa and 13332.2 Pa, Gel
composition E alsc falls within the scope 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. In 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 porocszity, 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 serveg
to minimize the radiation component of heat transfer.

Example 2

Thig 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.
Composition F

The carbon black utilized in composition F is carbon
black CB-aA described above. In compogition F carbon black
CB-A is not modified.

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

For approximately 300 ml gel, 42 ml 2M HpS04 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, 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. In thisg example 15%
of the gel composition, by mass, compriges carbon black CB-
A.
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After addition of the carbon black CB-A fwater slurry,
the titration is then continued until the PH reacheg 5. A
Corning pH meter, model 320, and a Corning "3 in 1” pH
Combination Electrode with automatic temperature
compensation (Corning, Inc., 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 1%
minutes. After the 50°C oven treatment, the gel is
extruded into 3000 x 30004 ¢ross-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 veolume ratioc §: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 winutes at 80°C, '

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

A second solvent exchange step is used. The granulesg
are exchanged ¢4 times with heptane to remove the acetcne.
The exchanges are performed at a volume ratic of 6:1
(heptane:gel} for a minimum of 90 minutes for each exchange
at room temperature.

For the TMCS treatment step, trimethylchiorosilane
{TMCS) is added to the gel/heptane mixture at a level of
0.15 g TMC8/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
pPlaced 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.
Composition G

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

For the gelation step, the 8% eolution 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 inte the stirred and jacketed vessel
at 20°C. The solution addition rate is 1 ml/min. Once &
pH 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 amcunts of added carbon
black and water are calculated such that the total scolids
content of the gel remains the same. In this example 15% of
the gel composition, by mass, comprises carben black CB-B.

After addition of the carbon black/watexr slurry, the
titration is then continued until pH=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 isg 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 3000k x 3000x cross-section, square granules.

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

For the salt washing step, the granules are exchanged
with rcoom temperature deionized water & times for 90
minutes each at a volume ratio 1:1 (water:gel) .
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For the aging step, the excess water ig removed and
only the pore fluid is retained. The granules are then
aged 12-14 hr @ at 50°C,

For the solvent exchange step, the granules are
exchanged 8 times in counter-current mode with acetone to
remove the water. The exchanges ars performed with a
volume ratio of 1:1 {acetone:gel) for a minimum of 9p
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. The exchanges are performed at a
volume ratio of 1:1 (heptane:gel) for a minimum of 9g
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 dengity
under a 103421 Pa load of compogitions F and G are
determined utilizing the procedures set forth above. The
results are reported below and alsoc reported graphically in

Figure 8.
Compositi| Packing TC at TC at TC at
on Density 133.322 1333.22 13332.2
103421 Pa Pa Pa Pa
(kg/m>) | (WW/meK) | (mW/meX) | (mW/meK}
F 116 5.77 6.44 7.59
i51 §.48 11.18 13.73

" .

These results illustrate the effects of packing density
under load on TC.
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Packing density under lead provides an indication of
the strength and porosity of a particulate composition. The
packing density of composition F of the pregent invention
provides an indication that the compogition 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 particie 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.

Composgition H .

Composition H is prepared in the same manner as
composition D above from gelation through solwvent 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 um size range of particles uging a CSC Scientific
Sieve Shaker, model 18480 at setting 2.5 for 15 minutes.

. -
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 demcnstrates a typical particle size distribution
after grinding.
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The resulting powder is sieved to separate the 90-25(
pum size range of particles using a CSC Scientific Sieve
Shaker, model 18480, at setting 2.5 for 15 minutes.

Composition U

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 c¢offee 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 Pa Pa Pa Pa

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

H less than 113 4.49 5.01 7.75

90
90-250 103 4.71 5.24 6.87
J 250-500 105 5.34 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 presant
invention but have different packing densities and TC's.

As illustrated by a comparison cf compositions H and
I, a decrease in particle size leads Lo an increase in
packing dengity, 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 T and J, an increase in particle size at
constant packing density leads to an increase in TC,.

Example 4

This example illustrates the effect of the type and
presence of an opacifying agent on TC and packing densitcy
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.

1] itg K

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

For approximately 800 ml gel, 110 ml 2M Hz804 is
dispensed into a jacketed beaker maintained at 20°C. ‘The
solution is titrated into the stirred and jacketed vesgel
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 compensation (Corning,
Inc., Corning, NY) was used to measure the pH.

The scl is then poured inte 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
extroded into 30004 x 30004 cross-section, sqQuare 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, 1st water
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wash is overnight, 2nd through 5th wash is 45 minutes. Ail
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 5p°cC,

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 nixture 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 diegtributien

after grinding.

- c

Composition L ig 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 (Bumn, GL1).
Figure 6 demonstrates a typical particle size distributicn
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.

Composition M

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

For approximately 300 ml gel, 42 ml 2M H2804 is
dispensed into a jacketed beaker maintained at 2p°C. The
solution is titrated into the stirred and Jjacketed wvegsel
at 20°C., The solution addition rate is 1 ml/min. Once a
pH of 3 ig 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 medified 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. &
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 ie 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 3000x x 3000p cross-section, square granules.

For the salt washing step, the granules 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 ig removed and
only the pore fluid is retained. The granules are then
aged 60 minutes at 80°C.

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

For the TMCS treatment step, trimethylchlorosilane
(TMCS) ig 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 brocessing is completed, the
granules are ground in a coffee grinder (Burn, GL1).

Figure 6 demonstrates a typical particle size distribution

after grinding,

Compogition W
Composition N is prepared in the same manner as

Composition F above.

The density under a 103421 Pa load 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|Cpacifying| Packing TC at TC at TC at

Agent Density 133.322 1333.22 13332.2
103421 Pa Pa Pa Pa

(kg/m®) | (WW/meK) | (mW/meK) | (mW/meX)

Norne 1l1s 7.59 8.43 .61

L CB-A 134 5.91 6.80 8.10

Modified 116 5.01 5.589 6.61

CB-A
N CB-A 116 5.77 6.44 7.58
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These results illustrate the effect of the type and

presence of an opacifying agent on TC and packing density

under a 103421 Pa

For a given amount of cpacifier, in particular

load.

carbon black, 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 comparigon of the TC’s of Compositions L, M and N,

to the TC of composition X, illustrates that the presence
The lowest TC’s in this

of an opacifying agent reduces TC.

Example are achieved by composition M utilizing an

opacifying agent which is “attached” to the gel precursor.

Example 5

This example illustrates the effect 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 klack

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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Composition Q
Composition N is prepared in the same manner and is the

same composition as Composition K above.

Compogition P

For the gelation step, the 5%-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 flagk 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 ig reached, the carbon
black/water glurry 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 scolids
content of the gel remains the same. In this Example, 10%
of the gel composition, by mass, comprises medified 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 pH meter, model
HIB510E, 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 em 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 cven treatment, the gel is
extruded into 3000z x 3000u cross-section, square granules.
The gel is extruded into 4 litexrs 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 deionized water 2 times for &0
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 &9
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.

. Lion
Composition Q is prepared in the same manner as
Composition M above.

The density under a 103421 Pa load and Thermal
Conductivities of each compositicn O, P and Q, measured in

the manner described above, are as follows and are also
reported graphically in Figure 12.

47

SUBSTITUTE SHEET (RULE 26)




WO 98/13135 PCT/US97/16520

Composition| Modified Packing TC at TC at TC at
CB-A Density 133.322 1333,22 13332.2

%5, by (103421 Pa Pa Pa Pa

weight (kg/mB)

a 116 7.59 .43 .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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- THE_CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A particulate composition comprising metat oxide, which under a 103421 Pa load, at 20 °C.,
and at a pressure within the range of 133.322.13332.2 P4, in Nitrogen, has:

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

a Thermal Conductivity at 133.322-1333.22 Pa of less than or equal to (0.260 InP+4.53)
milliWatt/meterK and a Thermal Conductivity at 1333.22-13332.2 Pa of less than or equal to
(0.824 [nP+0.47) milliWatt/meterK.

2. The particulate composition of claim | wherein the composition is a ge! compaosition.

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 cacbon 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.

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/m>.
8. The composition of claim 2 wherein the Thermal Conductivity at 133,322-1333.22 Pa is less
than or equal to (0.304 InP+3.91) milliWatt/meterK and the Thermal Conductivity at 1333.22-

13332.2 Pa is less than or equzl to (0.825 InP+0.16) milliWatt/meterK.

9. The composition of claim 2 wherein the composition has a an average particle size of between
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50-500 microns.

10. The composition of claim 2 wherein the composition has a porosity of greater than or equal
t0 0.90.

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

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

a Thermal Conductivity at 133.322-1333.22 Pa of less than or equal to (0.260 InP+4.53)
milliWatt/meterK and a Thermal Conductivity at 1333.22-13332.2 Pa of less than or equal to
(0.824 InP+0.47) milliWatt/meterk;

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 comprising metal oxide, which under a 103421 Pa load, at 20 °C,

and at a pressure of 1333.22 Pa, in Nitrogen, has:

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

a Thermal Conductivity of less than or equal to 6.4 milliWatt/meterK.

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.

16. 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 Thermal Conductivity is less than or equal to 6.1

milhiWatt/meterK.

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

* 10 0.90.

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

a packing density of less than or equal to 160 keg/M’

a Thermal Conductivity of less than or equal to 6.4 milliWatt/meterK;

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

51




s o et e e e e e B A P e L P A A A e 8

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 comprising metal oxide, 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 keg/M’ and
a Therma! Conductivity of less than or equal to 5.8 milliWatt/meterK.
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 28 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/m”.

32. The composition of claim 26 wherein the Thermal Conductivity is less than or equal to 5.4

milliWatt/meterK.




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
10 0.90.

35. A particulate gel composition comprising a silica 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/m’ ;

a Thermal Conductivity of less than or equal to 5.8 milliWatt/meterk(;

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

aporosity of greater than or equal to 0.90,

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

black.

T A particulate composition comprising metal oxide, which under a 103421 Pa load, at ambient

temperature, and at a pressure of 13332.2 Pa, in Nitrogen, has:

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

a Thermal Conductivity of less than or equal to 9 milliWatt/meterK.

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

53




opacifying agent.

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 compasition of claim 38 wherein the packing density is less than or equal to 140 kg/m®.

44. The composition of claim 38 wherein the Thermal Conductivity is less than or equal to 8

milliWatt/meterK.

45. The composition of claim 38 wherein the composition has an average particle size of

between 50-500 microns.

46. The composition of ¢laim 38 wherein the composition has a porosity of greater than or equal

to 0.90.

47. A particulate gel composition comprising a silica 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/m* ;

a Thermal Conductivity of less than or equal to 9 milli Watt/meterK;

an average particle size of between 50-500 microns; and
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a porosity of greater than or equal to 0.90.

48. The particulate gel composition of claim 47 wherein the opacifying agent comprises carbon

black,

49. An insulation body comprising the particulate composition of claim 1.

30. The insulation body of claim 49 wherein the particulate composition is a gel composition.

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

52. The insulation body of claim 51 wherein the particulate composition is a gel composition,

53. An insulation body comprising the particulate composition of ¢laim 25.

54. The insulation body of claim 53 wherein the particulate composition is a gl composition.

55. An insulation body comprising the particulate composition of claim 37.

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

57. A thermal insulation medium in a refrigeration appliance comprising the ingulation body of

claim 52.
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